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O~Features of Tropospheric and Stratospheric Dust
IAgL. Elterman, R. Wexler, ana 1. T. Chatg A

A series t, 119 prtilil-s olitailied over New Nle~xioi ciomprise aertkstil atteniiati,, os rh. ivi it.; vs altitude tW

alxwut 35 kmn. These profiles show the existence ofieveral feaitres. A surface cnvective dust layer ex-
tending up tW about 5 kmi is seasonally dependent. Also, a tiirbiziit.3 mstxinurn -~ists below the tropo-
pause. Tht; altituae of anl aerosolI maximum in the lower stratosphere is located just below that of the
mninitnum temperature. The colder the minimumn temperature, the greater is the aerosol content of the
layer. This relationship suggesits that the 20-kmi dust lay4[r is due to convection in tropical air and ailveio
tion tco higher latitudes. Computed averages of optical thickness show that alatement u1 stratospheric
dust from the Nlt. Agung eruption berame evident in April 1964. Results based an seventy-nine profiles
characterizing volcanic dust ahatetment indicate that above 26 km., the aerosol scale height, averages 3.75
km. Extrapolating with this scale height, tabulations are developed for iiv, visible, anid ir attenuation to
,A) km. Optical mixing ratius are used tio examine the aerosiol concentrations at various altitudes, includ-
ing a layer at 26 kmi having an optical thickness 10-1 for 0.55-,u wavelength.

1. Introductioni efliejent, varies inversely with the wavelength. In order

The aerosol content 1);ays it significatit role in the to represent the various methods of measurement as
atmoisphore's optical properties or, more quantitatively wl smiti lrtntalrslscudb n
stated, the aerosol attenuation coefficient functions as eluded in Fig. 1; i.e., the twilight mebsurements by4

an mpotan opica pramter Asa f~ ~~- Volz and Goody (1-962) and by Rozenberg (1965),
tion, it is proportional to the aerosol number density, h erhih esrmet ySakc 16)

analysis of twilight aureole photographs from the space-
For a fixed wavelength, the height profile of thi6 ptiram- cafVotk6(rvn,16)thairft eaue
eter, designated as #,.(h,XIi) provides information con- crafit~ Vot 6Diig 96,Ih icatmaue
cerning aerosol concentration, presence of layers as well mnsof sky brightness (Sandomirski et al. 1964), and

as optical thickness, which is necessary for determining arctfnehlety( ld'n,14) Aso i-
atmospheric transmission for nonhorizontal path ge- teresting results in the form of relative values relating
ometries. The aerosol attenuation coefficient and its to #, have been obtained with optical techniques: the
profile have other important uses in studies entailing twilight measurements (Bigg, 1964), l'ser beam back-

meteorological tracing, path radiance, sky background, scatter (Collis and Ligda, 1966), (Clemeshaw et al.

takes on the function of a fundamental parameter. Its sieruation coffalliests bwindaey thayithearsoltat
measurement, however, has been difficult for a number teuiocofcencabeawdlvrygprmtr
of reasons. More basic than instrumentation dificul- and that an adequate number of measurements are I

tiesaresuc fatorsas he tmopher's aribilty, necessary in order to establish characteristic aerosol
/ features.

acqusiton f in.ils masurmens t hig alitues, For the purpose stated, recent searchlight probing
and results in the form of absolute values,.esrmns(lemn 96a r fitrs o

Acquiring information concerning a profile such as seealureasns. Fitrt, 1tota of e 19pof ites, for,1
#,hA)can best be done with optical methods, and a svrlraos isattlo 1 rfls

variety of these have been developed. Those which were acquired-and this represents a subetantially larger
yielded abulute values are mo~st suitable for com- sample than previously published. Additionally, each
p~aring results and this is donie in Fig. 1. Theo results p~rofile was obtained by measuring continuously

weremad coparale or w .55 byusig ~ through the troposphere and stratosphere with an
weremad coparale or i - .51 1Aby uingthe altitude resolution approximating 1 km. Finally, we

empirical relationship that the aerosol attenuation co- nrote in Fig. 1, that the mean af the profiles falls within
___ the values determined by other researchers, a circum-

The first named author is with AFCItL, Bedford, Nlassachtr- stance which affords a measure of comfort. An altas of
metts 01730; the other authors are with Allied ltesearch Associates, the acquired profiles was presented previously (Elter-
Inc., Concord, Massachusetts. man, 1966b). Now the objective is to consider the
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0' ~--i- ~--~ -. ~ ----- ~~shown in Fig. 3. Here the 19-km dust region is
evident -is a prominent layer, partially due to increased
aerosol content, but also beeause in this altituide region

the fth,X) values are diminished. For tyhese reafsons

~ A aerosol feature emergence especialiy at the higher alti-
C& tudes. However, when used in a qualitative sense- only,

11- V***.0 assessment of the wagnitu' e )f the aerosol ilentures

0 .A, can be difficult.

16- o0 , Since the volcanic dust in the atmosphere can iavr * a~~i residence time of severly:as the eaffects of the t
* * ~~Agn eruption (Mlarch 19)6-2) muntb osdrd

* .(1965),;Mossop (1964),anld Rocsen (1968),collectively
$4o ~ considered, before and after thi. event, sthow evidence

of chenge in the stratospheric aeroiol content. T1he
observations of the twilight tsky by Volz (1965), Mleinel
and Meinel (1964), and the analysis by Dyer and HicL

---- LJ1 (1965) also show augmentation of stratospheric par-
0 5 IC IS 20 25 30 3 ticulates. The searchlight probing measurements

AL.TIUOC ~yielded absolute values of aerosol attenuation co-

Fig. I, Aerosol attow'.ation coefficients vso altitude at - efficients so that the most suitable parameter to use for
0.55 p. Comparison of results: X, solar aureole, two bal- exaining this feature quantitatively is the strato-
loon flight, Newkirk mnd Eddy (1964); A, solar radiation spheric aerosol optical thickness for the stratospheric
measured from aircraft, mean of eight Rlights, Penudorf (1954); region to 25 km. The reason for choosing tis altitude

maclh probing mean o 10 prfies Eltrma lii is discussed litter Accordingly,al proffles were
(19N&) and (iOmb); o, bailoon integrating nephelomoteor, placed in time sequential groups determineod by the
mean of fourteen flights, Crosby and Koerber (11162); *, solar
radiation mneasured from balloons, mean of three flights, Kon- menloriicao thies atshrcmduste bytre he h
dratlev el al. (19e7); A, spacecraft horison photography, menotclhikssvscoptdy
aalysis of four frames, Rosenberg (1966), Feoktistov (196.); iA

0, seachlight probing, mean for five nights, Rozenberg (190,(2
1960). i- h

wheme n is the niumber of profiles in th- group, hi is the
altitude of the tropopause, h2 the 25-km altitude, # the

to examitie iome tropospheric und etratospheric fea- mean atersol attenuation coefficient (withi easlh
tures. profile) for the altitude interval, and Ah the altit'ide

11. Aerosol and Turbidity Profiles
Averaging a large number of profiles tends to wash I

out features readily noticed in the individual profile. soI
We present therefore, in Fig. 2, an example of an]
individual profile chosen because (1) it is similar to the 25
119 profile average and (2) the aerosol features are

The features of a profile can be examined also in so-

terms of mixing ratios such that

WAh?5 ,(.) N,)()- MOLECULAR

where p, and ft, are the aerosol and Rayleigh attenua-]
tion coefficients, respectively (cm-1), N. and N, are the
aerosol and molecular number densities, respectively
(cmn -). The terms a, and a, are the aerosol and mo- [_,j .L-- _A_.U_ g
lecular (Rayleigh) cross sections (em2). If up to 50 km 10-6 16-1 10-4 103 0

the cross sections, both molecular and aerosol, tend to ATTENUATION COEFFICIENT (I

remain unchanged with altitude (a usual assump~tion), Fig. 2. Single profile f(A,)for I1I April 1964 at 02: 00 MST,
then F. (1) asserts that the optical mixing ratio ft/t is similar to mean of 119 profiles, X, - .55ju~. Surface to 5 kmn-
proportional to the true mixing ratio, N,,'NP. More convective region; 5-11.7 kmi-troposphere dust layer; 11.7-
frequently, the optical mixing ratio is known as tur- 23.8 km---stratosphere duet layer; 25.6 kma-upper altitude maxi-
bidity. The turbidity profile corresponding to Fig. 2 is mum; 4,aerosol (measurements); - molecular (wimputed).
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4 F -- 0 .....T .... 7..." . . T- -- - -- e,(x, - ,1,,) ex (h, - hj)/1H,. (3)

This is a useful procedure because it facilitates develkp-
30 ment of atmospheric attenuation models (See. III)

L .useful in exploratory calculation for the important
0-50-km altitude region. Peandorfs study (11Q54)

. shows that for the io st 5 km, the aerosol coefficients
2 ". fall off exponentially with a scale height 0.97 < H, <

1.4 km. We resort to the use of his mean value H, -

1.2 kin to extend the #,(h,X) profile from 3.7 km to

01- 3! mi[-rnn-IIT -T-4I-r rTTrrM--T-rr7T

"1 1 2

TiUROIOITY BpIA

FiK 3. Single turbidity prafile f(h li)/i(,?) %r 11 April at t --

0200 MST. +, niemureniente (see eaptin for Fig. 2).

Table I. Aerasoi Optical Thickness as to flessur of Volcanic
Dust A, 0.55 P

Mean -
optical

thickness 1 1 ±
Number (approxi- 1o'6 1o-5 ,o* 1o-1 o

of mnately AEROSOL AtTENIJsA7O COEFCENT A j,(k-')

Period pro- 12-25 km)
Group (in,llsive) file X 0-1 Fig. 4. Mean of seventy-nine low stratospheric dust profiles

(Table I) for April 1964 to April 1965. Aerosol attenuation
A 1)ec.. 193-Mar. 1964 40 3.1 coefficients, ,,(hXi); standard deviation limits attributable to
L Apr. 1964-Sep. 1964 50 2.2 errur and atmospheric variations; X, - 0.55 p; +, messurements
C Ort. 1964-Nov. 1964 10 2.7 with searchlight probing.
l) 1)ro, 1964-Apr. 1905 19 2,4

(B+C+I)) Apr. 1964-Apr. 1965 79 2.3

intervals used for f'omputing the pl'ofiles. The results
of this computAition are presented in Table 1. 30

Although the volcanic eruption occurred in March
1963, the tabulation shows that the volcanic dust 25 "
cornpon -r# persisted over New Mexico up to and during
the period December 1963 to March 1964. Beginningwith Api' 1964, volcanic dust abatement and a gen- ]

erally stabilied level are indicated. The mean optical
thickness computed for group (b + C + D) is 26%
less than that of group A. ,

Parameters entailing the presence of voltic dust
may be unsuited for determining representative aerool
conditions. Accordingly, only the seventy-nine pro- 1 :"files characterized by volcanic dust abatement ('groip "
B + C + D of Table I) are used where, requital. Jn !
the discussion to follow, it is convenient to desiinate ''

the seventy-nine profile mean for X - 0.5 ;A as ,(h))
This and the corresponding turbidity profile am pro-
sented in Figs. 4 and 5. ,.o ,.0 3.0

The mean profile 5,(hX) in Fig. 4 can be extoamdd ,o,-

to encompass a largai altitude range by using the Fig. 5. Mean turbidity profile, A(Ad)/AN) (44 06e1pti0 tor
aerosol scale height (H,) relationship, Fi. 4).
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0p~I (u,r,X.) I -r ~ 4

" F'dN~p - No,(r)dr, (15)
No(h) - CN,(h; 6

OP is the aerosol attenuation coefficient, inl is dhe index of
refraction, N,, and N,, are thc aerosol number den-sit~y
limits establ'shed b~y the radii limits r, and 12, o~iste

aterosol cross sctioi, foi- each particle, N, is thc total
to' number of particles between r-, and r2. For at given

altitude, No is actually proportional to the particle
I Inumber density b~etween r, and r,. If the sarne size

dlistribution function applies to aill altitudes (a usual
24 26 A) 3 !0L assunmption), Eqv. (4), (5), and (6i) are comb.i-d

op(h'x) - CNI(h) r,,~(r,xWr*,r (7)
Fig. 6. The 26-32-kni altitude region showing scale height lip=
3.75 km for oeventy-nine-profile mneani; lest switue fit utii ti

extraplate to 50 km., Here, CN,(Ih) is placed outside the integral which now
contains only factors tbat arc independent of altitude,
also, "i is removed because subsequent considerations
will pertain to particles without any distinction in

sea level. To establish upper altitude akerosol co- refractive index. If Ffi. (7) is normalized to sea level
efficients, a least-square fit, wats comp~utedl for 0 (h, Ai) conditions, the integt'al cancels out. Thon, generally,

from 26 kmn to 32 kmn (Fig. (6). The result, II, for the N.,rious w.avelengths X, ani( specifically for X,=
3.75 kmn (in effect derived from 790 measurement 0.55 p, we have
points), was used in Eq. (3) to extend the ',alei% to .50 d,(~) t'h,x) _ N(h)
km. Miller (1967) obtained H, - 3.25 kin from ani~'"~
analysis of rocket measurements acquired in 1964 for ~) ,(x N0)(8
this altitude region. The over-all aerosol attenuation
profile from sea level to 50 kmn is p~resented in Fig. 7. O r-r.- ITTr ITTt -M- -Tr--M
Rayleigh attenuation is included for comparison.

111. Atmospheric Attenuation ~MOLECUJLAR
Previously, an atmosphoric attenuation modlel wats

formulated (Eltermaii, 1964) for the uv, visible, and 4

ir. It was based on Ray leigh (molecular) cross sections
wth number densities from the standard atmosphere

(..Standard Atmosphere, 1962) on ozone absorption
coefiiets Virox,1913) applied to a representative 30
atoshri soedistribution; atid on aerosol at- u

tenuation coefficients. The last were acquired from
available btut dissimilar measuremenits with interpola-
tion used to establish a continuous aerosol profile. PEOO
Since the aerosol parameters play an important role in 110

cmputing atmospheric attenuation, the results here
presented can be used for this application.

In Fig. 7, we developed the aerosol profile for alti-
tude. to 50 km. It would be in order now to examine
some exp. 'esions leading to corresponding aerosol o
profiles for attenuation at other wavelengthm. If we
co.asder a real atmosphere, the aierosol sizes within unit
volume can be described by a size distribution func-
tion 0(r). Various size distribution functions are InII -~

use: the Junge type power law (1963) with a choice of 1' 10" to' 104 o0 to-' to,

exponents discussed in detail by Bullrich (196), a ATTENUATION COEFFICIENT 4W11t

similar distribution modified by gpis observed by Fenn Fig. 7. Comparison of profiles. Mttean aeronol atteonuation
(1964), a log-gussian distribution used by Foitsik mefcienta Op(h,xi) fromi measurementa; molecuilar Or(A,).t
(198), a composite distribution with components from oomptd; x, - o.5m j4. X, extrapolated 3.7 km to surface
several types. The optical- particle sixe relationship with H, p 1.2 ki; 0, extrapolated 32 -,% km with scale height
utilime #(r) such that H, -3.75 km.
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S. .- - .. 161 -so that for unit air mass, the optical thickness :ttrih-
utable only to u ,- r3' - 3.4 corresponding to a trans-
mission of Z.3%.

2., . Rayleigh scattering, because -,f the short wavelength,
also contributes significantly tt attenuation. For unit
air mass, Lhe Rayleigh optical thickness is 1.22 corre-
spending to 29.6% transmission. Also, for these con-
ditions, the aerosol optical thickness is 0.41 correspond-

5 ing to 67% transmission. Since all attenuating cor-
-, .ponents are important, this tabulation demonstrates

the interplay of attenuation coefficients as they vary
0.1 02 a5 05 .0 20 40 with altitude.

WAVELEN GT (M, ,o Table III contains the parameters for 0.55 ju, the
wavelength representing the photopic region. Absorp-Fig. S. Aermol attenuation coefficients 0,(0,X) wm wavelength at to yC Capi ad o sdmnse.Hw

sea levwl for n meteorological range approximating 25 km.
A-derived from Baum and I)mikelman (1955); B-contained ever, the coeficients show that for some altitude regions,

in Curcio W at. (1961). 0. absorption can be larger than attenuation due to
scattering by pure air or by aerosols. Comparing with
Table II, for unit air mass, the optical thickness attrib-

- -,0, utable only to Ol is ra' - 0.03 corresponding to a
transmission %pproximating 97%. The Rayleigh

derived in this manner to optical thickness is 0.098 corresponding to about 91%

demonstrate its compatibility with particle size con- transmission and the aerosol optical thickness is 0.25
siderations. Sea !evel conditions have been researched corresponding to 88% transmission. The , column
eb i u9 oof this tabulation contains the digitized values of the!etensively by Curio and Durbin (1959), Curc o et al. Ip oi ei i .7
(1961), Knestrick et al. (1961), Dunkelman (1952), aerosol profile in Fig. 7.
and Baum and Dunkelman (1955). The #,(OX) values Attenuation parameters derived for twenty-two

for a 25-km meteorological range based on the results of wavelengths in the uv, visible, and ir (from X - 0.27 to

these authors are shown in Fig. 8. Utilizing these re- 4.0 1) for altitudes to 50 km are published elsewhere

suits, in conjunc'ion with the #,(h,Xl) profile in Fig. 7. (Elterman, 1908).
all requirements for the right-hand side of Eq. (9) 1. IV. Interpretation of Profiles in the Troposphere
satisfied, and a series of aerosol attenuation profiles can
be computed for 0-50-km altitudes and various wave- As mentioned, the aerosol attenuation profiles wore
lengths of interest. Since the pure air and ozone co- obtained by measuring continuously through the
efficients are available f-one the earlier publication troposphere and stratosphere. At the lower altitudes
(Elterman, 1964), revised tableg of attenuation can be (starting with 2.8 km), the spread of the standard
computed using Eq. (9) and deviation limits is significantly liger than at 20 km

A(Fig. 4). It follows then that aerosol conditions in

S,(hX)= 0,(hXla, (10) the troposphere aro highly variable, compared with
0 those in the stratosphere.

In spite of the variability, certain aerosol features in
v,(hX) - A ,(h,m.Ah, (11) the troposphere can be discerned. As with the single

0 profile (Figs. 2 and 3). the averages (Fig. 4 and 5)
Ashow the presence of a surface convective layer which
, -(A,x)A,, (12) extends to about 5 km during nights when mea,'w -
0 ments were taken. Using Stokes law for a particle

whore r,, r,, and ro are the ilayleigh, aerosol, and ozone diameter of 2 g and the usual density approximation of
optical thickness, respectively, from sea level to altitude 2 g/cm", the resulting fall speed is 2.6 X 10- cm/see.
h, and 5,, 5,, and 5e are the mean Rayleigh, aerosol, and Since aerosol diameters in the atmosphere generally are
ozone attenuation coefficients (km-1), respectively, for less than 2 p, their descent during the night over a 12-h
the altitude interval Ah. Thus, a format can be used period is about 22 m or loss. Hence, partidls con-
wherein the attenuation coefficients and computed veted upward during the day should persist through
optical thickness values due to pure air, ozone, and the night.
aerosols are tabulated individually. This format is The amount of dust is dependent on the cumulative
advantageous because it permits various exploratory effects of surface heating, so that the arool content in
calculations (horizontal, vertical, and slant path) for the surface convective layer should be *emsonaly de-
each attenuating component or for over-all atmospheric pendent. Figure 9 demonstrateg this seaonal de-
extinction (pure air -+ ozone + aerosol). pendency. 1)uring the spring and early summer, when

Table 11 is an example of the format for the uv at 0,30 the surface temperature exceeds the air temperature,
it based on Eqs. (10), (11), and (12). The wavelength the aerosol content in this layer is relatively high.
is characterized by severe Ot absorption (Hartley band) During the winter months, the surface air temperature

May 19 9 / Vol. , No. 5 / APPLIED OPTICS 897
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Here the monit! iverage altitudes of the turbidity
iT! maxima are compared with 0~e average altitudes of

61- the tropical tropopause (from concurrent soundings) for
eleven months during the period December 1963 to

II ,i~April 1965 when data were available. The comparison
shows the relationship to be almost linear. For the
entire period, the altitude of the turbidity niaxirn;ozn
ai -rages 1.4 km below that of the temperature mini-
mum.

ined Thestratospheric turbidity is relatively high
during the period December 1963 to Fe~bruary 1964,
becomes a minimum in April, and actually rises to it
maximum for the period in June 19(A. From October
to April 190k5, there is a desce'nding trend. The tr~ind

TOPI' of the tempecrature mninima is similar to the turbidities
for the entire p)C11d. As discussed in Sec. 11, the high

Fig. 9. Monthly averagem for suirfae~ (4ulvective laver. Tiir- turbidity values during the early part of t 1w period may
bidities comptited from measurements4, M-t 5 ;X, fi' pro-
fiet December 1964; 0, twenuty-three pr~tileA, Pleeemlber 190t;
0, twenty-nine profiles, April RItl.

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

Above the aurface convective laver, aerosols are .....
transported vertically toward the tropopause olue to A
mixing and convection. At suich times when the ----- A

aerosols reach a stable layer or the tropopause, their -

further vertical transport is inhibitNd. U'sually, convec-
tion and mixing tend to establish a constanit turbidity. .

However, aerosol depletion by the washojut effects of
precipitation is greater in the lower troljoslphere than
in the upper, Accordingly, a turbidity maximumi
occurs frequently below the tropopause - -- -

V. Interpretation of Profiles In the -

Stratosphere
In order to develop~ this topic, we iote first that the

character of the tropopause relates to the history of its
air mass. In tropirial regions the tropopause is located
near 18 km and is ehara-terizcd by a temperature
mininium in the vicinity of -O.Over temperate
latitudes, the tropopatu ii frequently found near 12
km with temperatures near - 506(. Owing to advee .-

tio, a temnperaiture mninimium neur 18 kmi often is
diacenubiu in temperaturv latituos. In this4 paper, we
refer to the lower tropopause as the jlir troppsuise .

and it is identified as the ha.4o of it table region. The
temperature minimum at the higher altitude will be
designiated wn the tropical tropopau&. The regon
iwtween them i t*n"dered as pari of the stmtoophere.

In Fig. 10, two feraturei are demnonstrated from
nightly mean proflle and their coneurm. it temperature
sountding. It 4 wen that a maximum in turbidity is
lcated ncar the tropical tropopauwu and a weondary
maximum below the pola? tropopase. Thewe featurn I' .

occurrod almost invansAly in till the profik*e whenever Fka. in, Nfe" tuurtmjay pr4)fflcw with rncireuavsitw.
both polar and tropical trjpausm were in ev.idence. wudn hwn tutidity-tmprttre taehui
The altitude reistion.-hip betwmtn the turbidity rnax.'- Aver vertwb~dutt. ptofileeforgt-9 Ap-I. 1964: Ji avrat
mum and the fropical tropopeum' is shown in Fig. 11. (if uklt ir~chi' prtifile far 12- 13 April 1964,
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WiliTVr IL(er,tsols arc t i:h istioia xerticailivli t nltnd
__/0the tropicil 11'( i . llei'e telipl'1'' ircA iii ill

E1
9

! 4 the vicinity oi -80 C. 'I'll air cowii;tininthe roo
thenl .tn(Iergtis MIdVPCtil to teniperate hit it titls which

~~ / ~accounits for the stratospheric fetutre: ILigh lutrhiiiitv
accomniiiied by low teni wrattire. ait these( lttitulles.

There appleLcs to he( noi ba.sk. for (list irgishitig lle,
1/ ~~ween t he 20-kmiltdust iaver anrd thbe teroso I con cetra-

-6tions Occurriitg it atitutdes betweeni 16 19 kn) observed
with optticail probinig oiver New% Mtexico. .. ccordinglv.
the existicnce of t he liver is explainii nas it ha hicem
bet ween depict ion I., falIlout, diffusion, ;inl hle Conl-
tiniled rellci-ihnetit din'( to conivectioni advect ittit oit

!5 1 1/ 9 iothe settle of the gezieral virculatioti. If thev major
Al?, ?,d.of Turbi.1ivy Moarnum tkm) conistituent of t his Liver is the :,lnoliill sulfate pllrti ~

Fig. 11. Itt!at ilm-ip~tt l,tt weeii alt ittide of straittswphic ntu- t henl its at igin remainis coiijev oral. Indu1st rial ix)I1Ul-
biiit 'it ilxiil aii oI "itutde tJ il pit-s t r ipi pa KoIu teer w- t ifl is (L sco ii ttl b(Tausei~i nriv l al Iof it is lo cated in

tt'iii' n io iii . Each ercle kM it ititt i I average. temperate lat it? t t s, whereaks bhe results show that
tropical air is the t raisport miediumn .Atdi tjoinlly
Although nILICI of the( t ropic., is ('ireIt'tt by ocean which
cotliuns lbouit 10' sulfates ilt solution, this is anl till-

be dute partiallyN tot the presetce if volcantic~ thust from likey source, because thlite is io( known solect ive p~rocesst
the Mulrch I 963 ermpt ion. wliic h :- 51 utnt e favo rs t rai i I~ort if soulfte over

Figuire 12 dem onst rates t he p resc'iiv cct f amother s' ditu i on ~rde ft onI to 1w W-~ ini soltion. O f
s 'giiificit itt feature; i.e., at t eij'rat tire tuii dit y re lL- init erest are t he speoia tiotis of Mili a nid M[i nel
tionsh up. As thbe mniimi t e [ipera tore of t he t ro Itx- (1967) t hat So, p rotdIuced from voleatnoxes uindergoes at
Irklst chirge-s, t he niing iit ode of t he turb idi ty it iso series o f tr c heminui a reat't ion s y ieh Iing a i n mnontitl
chatigi's iii tin inviyrse w av . W heni teiapcrat ore minimia sulfate laver at 26 kui. tIo be ('onittiit %%ith our
iret, iw% (Dle-t'm her 19613. JIun itatnd October 1964) f ind(inigs, sutchI v lvartic itti vi tv lit 01 d oet'u at t ropica I

*tUrbiditY valuies are high, whereie, wvit I warmier ter t- atitl sttbtrotticll latittiths. This kfirvets outr Meit I'ttii
pt'rature mirtnima, the turbidities are, lower- A furtIher to th clie [lttit tns vittissi'tit, of 11!S anld SOt fnrm the
inictationi of the tubdti Iteerature relationship is Imamiv fissures andt ftitimits tliat characterize the
scen ill Fig. lt), -where, the teimperatutre innitiit i 4 (NXI-iililteit ettfvlai ciiy,~ ela
--71'(' tit 18.5 kinl andl the turbidity itaxinium S.8, =: t, it, voicattisn in anid ,dualt ( eittrai Anttricit.

:3.0; ini Fig. 10();'. ftur (htvs itter, at tiflert.iti al 3s Another ttrbitlitv niaximinti at! 261 kill ttcl irrei withi
I, istvideiit, withI a teitiperaturv mnitnium 6.t2'C alt 19 stifliciet'tt freqili ' V to Ik' identififsl etisil ill Fig. 5
km. The cttrrvsponitlng tturidity 0, 0, 1.5. Thtus ht Iis altittil.t" hitl. %%"ls t ll- basi.; for cb~ootiltg thei 23-
the st ra tosplicr naerosol cten ttct cani change sharply Ini k ti lim it in Eq. k*2). The ha~ir'tl'i shot'w t hat tile

at tew days with ci tan gt's in tetti t'rat orv w hichi art'
cauiseld by chimpts ini thi' gt'ti'ril circulat itin.

* ~It summary, the owticitl probin i easutrvmi'ts over
X\' tleIco show that tie following relantionship

4 occur.

I)atriiyv mximtuin 1,, lottcu 60eow the Ikilur ~ t~

12) a% furbidjty' mAximturn int the 16- 11-kmn altitudei
region Ii located an averiige 1.4 kmn hcrow the tropical
trup~ophume

3)t as the tmpteratut-e of the tropical tropopau' -

deerm". the niaNmitutie of the turbidity maximuml Il-

I'hu'i relutiolNhilmttnitdicnti' that the t urbidity V.
gret-fSt in air originmlig from the tpI ) c. Th'e
fintlingri arr. eitwterit with t hw. of R~osen193
who-W~ rewuults ithio the s~tratf~phprnc wrtn4t conce ntrnt-
tionlm r highcr ini tropiml fti titutlei (Pannama' thait 2: . < ' *. .*, ~i*

furt her, th.-i the iwmiltols from or near the wrfitee htyT .Nmilldiig ThI' -it.lN1 ini :11 o*t4- t .f tlca :nw tt~-
iiuvertcd through the tmoxphere ini the nitiorir nl- rnr, rvr -i t 49~ kyr:,v- Job1 . kkwwt'. a! d1 Septt-t a

mads' descrubei Ini Sec. 11' C'onvective acttyity i4 Itt~ t . t,~~ti, jtf
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13. ASISTRACT

2 A series of 119 profiles obtained over Newv Mexico comprise aerosol
attenuation coefficients vs altitude to about 35 kmn. These profiles show the

4 exilstence, of several feature. A surfac covcie(ust layer extending up to
aboutL 5 km is seasonally dependent. Also, a turbidity maximium exists below the
tropops-use. The altitude-of ar aerosol maximum in the lower stratosphere is

* located Just below that of the minimum tempreraturox The colder the minimum
temperature, the greater -s the aerosol content of the layer. This relationship
Suggests that the 20-km dust layer is dueL to r.Onvection in tropical air and advec-
tion to higher latitudes. Computed averages of optical thickness show that

* ~ , abatement of stratospheric dust from the Mt. Agung eruption hecame evident in
April 1964. rtesults based on seventy-nine profiles characterizing dust ab-atemrnt
indicate that above 26 kin, the aerosol scale, height averagcs 3. 75 km.
Extrapolating with this scale height, tabulations are developed for uiv, visible, and:I ~ ir attenuation to 50 km. Optical mixing ratios'arc u'sed to examine the aerosol

£concentrations at various altitudes, includingr a layer at 26 km having an optical
thickness '1$12'for 0. 55-T wavelength. t
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