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ABSTRACT

[y
1
1

This final report for the NASA Contract No. NAS5-23556 contains the
results of investigations on the effect of atmospheric aeroscls on the
value of total ozome, in an atmospheric column of the terrestrial atmo-
sphere, estimated from the simulated measurements of the ultraviolet
radiation back-scattered by the earth-atmosphere models, These investi-
gations are carried out by making use of the simulated measurements in
five (configuration of the BUV experiment on NIMBUS-IV satellite), and.
in six (configuration of the TOMS section of the SBUV/TOMS experiment on

NIMBUS—-G) narrow spectral regions in the ultraviolet part of the spectrum.

For this purpose, simula?éd measurements of the intensity of radi-
ation back-scattered along the loc;l nadir direction are generated with
the computer algorithms making use éf the method of direct numerical
solﬁtion of the spherical harmonics approximation to the transfer equa-
tion. This is the scalar form of the transfer equation valid for a
pseudo~spherical atmosphere with arbitrary vertical distributiom of
ozone, and with arbitrary height-distribution of up to two different
kinds of aerosols. For this study and the study reported under the
Technical Report: TIIL of this contract, we worked with a total of 76
different models of the cloudfree earth-atmosphere-system. For each of
tﬁis atmospheric model, computations are performed for six different
wavelengths, ten different positions of the sun, and several values of

the Lambert reflectivity of the surface underlying the model.
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Our investigations encompass changes in the following aerosol param-
aters:
(a) Imaginary part of the refractive index of the ;erosol naterial;

real part is assumed to have a value of 1.5;
(b) Stratospheric distribution, i.e., an aerosol vertical profile with

all its particles confined to the parts of the atmosphere 12 km

above the sea-level;

kc) ‘Troﬁoéphefic distribution, i.e., an aerosol vertical profile with
all its particles confined between the sea~level, and a level lo~
cated 15 km above the sea-level;

(d) Size—distributioﬁ characte;istics for the tropospheric aerosocls, and;

(e) Models with stratospheric as well as tropospheric aerosol distribu—

tions with different size~distribution characteristics.

We find that the presence of sératospheric aerosols results in a
significant underestimation of total ozone in an atmospheric colume when
the solar zenith angle, at the tim; of measurements, is greater than 84°l
The degree of this underestimation increases with an increase in aerosol
content, in solar zenith angle, and in the actual ozone content of the
column. On the other hand, the effect of tropospheric particulate pollu-
tants on the total-ozone estimates is that of a small degree of over-
estimation, in most cases. Some recommendations whose impleﬁentation
can assist in improving the accuracy of the satellite estimafes of total
ozone in the presence of significant aerosol contamination,-are made iﬁ

-

this report.
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I. INTRODUCTION

1.1 Background: Ozone is perhaps the single most critical strato-
spheric constituent because its vertieal distribution directly affects
the deposition of energy in the stratosphere, while its total amount
determines the ultraviolet radiation reaching the biosphere. Within the
past decade, under the probability of increasing pollutant concentrations
due to stratospheric commercial aviation and vertical transport of
fluoro—chloro carbons, the stability of the stratospheric ozone layer
has been questioned repeatedly in the scientific journals as well as in
the press. Because of this, considerable attention is currently being
given to the problem of reliable anﬁ continuous measurements of various

characteristics of atmospheric ozone profiles onm a global scale.

One of thé ;echniques well suited.for this pu%pose is a thorough
analysis of the spectral signature 6f.the earth~atmosphere system in the
ultraviolet part (0.25-0.38 pym; 1'ym = 10°"% em) of the elecpromagnetic
spectrum. An accurate monitoring ;f this quantity on a global scale is
being carried out for the last seven years, by Dr. D. ¥. Heath and his
associates at NASA Goddard Space Flight Center with the help of the
Backscatter Ultraviolet double monochromator (BUV) aboard the NIMBUS-IV
satellite. A modified version of this BUV instrument is alsg aboard the
Atmospheric Explorer satellite (AE-VI) which is currently in operatiom.
A more sophisticated version of this BUV experiment referred to as
SBUV/TOMS (Solar and Backscatter Ultraviolet/Total Ozone Mapping Systé;),

is scheduled to be aboard the NIMBUS-G satellite which in turn, is ex-

pected to be operational within a year from now.
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Estimation of total ozone in an atmospheric column from the multi-
wavelength measurements of the ultraviclet radiation backscattered by it,
is mot a trivial problem for several reasons. TFirst, a relatively noise-
free set of spectrally pure measurements in several predetermined pseudo-
monochromatic regions is required with an accurate knowledge of the in-
strument's position and attitude in space and time. Second, there are a
good number of atmospheric unknowns which can modulate the signal in an
undeterminable manner. Besides the total ozone to be estimated, some of
the other unknowns are its vettical profile,-reflectivity of the under-
lying surface and its directional as well as wavelength dependence, pres—
sure at the base of atmospheric column (i.e., surface pressure or the
effective cloud-top pressure), aerosols, water droplets, ice crystals,
trace gases withisignificant absorption iﬁ the spectral regions of immed-
iate interest, and nonhomogeneity in the field of view due to one or more

of these factors.

Some aspects of this complex problem were first investigated by Dave
and Mateer (1967) with simulated measurements restricted to the Rayleigh-
scattering models of the earth-atmosphere system. Based on this -prior
study, Mateer, Heath, and Krueger (1971) developed a procedure for esti-
mating total ozone, in an atmospheric column underneath the NiMBUS—IV
satellite, from measurements of the back-scattered ultraviclet radiaéion
in five pseudomonochromatic spectral regions (viz., 0.3125, 0.3175,
0.3312, 0.3398, and 0.3800 pm). They then used their procedure for esti—

- mating total ozone for a sample of 320 cases of approximate coincidences
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(in space as well as in time) of the NIMBUS-IV data, and ground-truth
meagsurements of total ozone with the Dobson Spectrophotometer. They
found the satellite values to be lower than the corresponding Dobson
values by about 0.025 atm~cm, on the average. Some cases were also re-
ported where the difference between an individual satellite and Dobson
total-ozone approximate—coincidence measurement was as high as 0.060
atm—cm, They argued that a part of this difference is due to a lack of
perfect coincidence between the growund-truth, and the satellite data.
Based on their experience with the analysis of rhe NIMBUS-IV data, they
recommended an additional measurement at 0.3600 uﬁ for the TOMS section

]

of the SBUV/TOMS.

Henceforth, the total-ozone estimation procedure for the analysis
of the actual'BUé data mentioned in the preceding paragraph, will be
referred to as the NASA total-ozone estimation procedure. This procedure
is for interpreting five spectral measurements of the éarth—atmosphere.
system along the local nadir direction, in terms of the effective surfoce
albede (K), and the best ozone estimate (Re), i.e., the best estimate of
the total ozone content of the atmospheric column for which measurements
are available. The foundation of this NASA total-czone estimation pro-
cedure is two sets of tables computed after taking into account all
orders of scattering, and using a modified version of the procedure dis-
cussed by Dave (1964). The first (second) set of tables is for aerosol-
free models with different ozone content gin’ but for 1.0 (0.4) atmo-

sphere surface pressure. [In the remaining part of this report, we will

16



refer to these 1.0 (0.4) atmosphere surface pressure tables as 1,000
(400) mb tables.] It is thus evident that the contributions to the out-
going radiation due to the extinction by aerosols are only approximately -
accounted for through the concept of the effective surface albedo which
may or may not be equal to the actual reflectivity of the surface under-

neath the column.

Investigations undertaken by us under the.NASA/GSFC Contract No.
NAS5-23556 cover the following aspects of the pfoblem of estimating total
ozone from the spectral measurements of the ultraviolet reflectivity of

the earth-atmosphere system:

(1) A critical analysié of the current, NASA, total-ozone estimation
procedure along with recommendations for increasing the reliability

and confidence level of the oczone data;

(2) ©Proposing of a total-ozone estimation procedure for the interpreta-
v tion of six—wavelength TOMS measurements in terms of R and Qe’ and

a preliminary testing there of (this aspect will be restricted to

TOMS measurements along the direction of local nadir, only); and

(3) Estimation of the effect of atmospheric aerosols on the values of
total ozone obtained with the help of procedures mentioned in:(l)

and (2), above.

The aforementioned aspects are studied by making use of the simu-
'lated measurements of the earth-atmospheric systems of known physical °

properties.
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L.z jAlgorithﬁ for the Computations af.Enteﬁsiiy: From the background of
the subject inv-estigation presented .in the preceding section, it is clear
that the first requirement is of-an algorithm capable of providing inten-—
sity of the radiation back~scattered by realistic models of the earth-
atmosphere system, along the local nadir direction. These valueé of in-
tensity are fequired for about onme-hundred atmospheric models. For each
of these models, data are required for 10 different directions of the
incidgnF solar radiation, and for six different wavelengths. Hence, the
algorithm must be fairly efficienq.‘ It should also be capable of pro-

viding numerical values of about three significant-figure accuracy.

guch. an algorithm was developed, debugged, and tested under this‘
contract. fié is}fully'doéﬁmented in the fechnical Report: I of &his
contract (Davé;'ié7? A). This algorithm ﬁékes use of the method of the
direct numéricai solution of the Sphérical Harmonics Approximation to the
scalar form of the equation of radiative transfer (Dave and Canosa, 1974;
Dave, 1974; as we}l as Dave and Arm;trong, 1974). 1Its purpose‘is to
evaluate ,the azimuth-indepeudent component of intensity‘of the scattered
radiation emerging at the top of a nonhomogeneous pseudo-spherical godel
of the terrestrial atmosphere. This azimuth-independent component of
intensity is evaluated for 18 different nadir angles (8) of the direc-
tions of observation of the TOMS instrument aboard a satellite with a
noﬁingl altitude of 955 km. It should be pointed out that this ézimuth—
independent component of intensity ié equal to the intensity of £h¢

emergent radiation whenever 6 = 0° (i.e., observation along the local
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nadir dlrection), and/or whenever the sun is at local zenith (i.e., solar
zenith angle, 8¢ = 0°). As mentioned earlier, we are only interested in
the values of the intensity along the local nadir for our present investi-
gation. Values in the remaining 17 directions are computed to assist in

the future studies.

.Qur basic atmospheric model is that of a plane-parallel atmosphere
of homogeneous character and infinite extent—along the horizontal direc-—
tions. 1t is of finite optical extent along the vertical directiom to
which any nonhomogeneity due to scattering and/or absorption is confined.
By pseucdo—spherical, we mean that the sphericity of the atmosphere is
only pértly aécounted for; viz:, by computing attenuation suffered by
the incémiﬁg solé; radiation érriving at an atmospheric level for the
actual spheriéai‘case. This modification then permits computations for
the case of the sun at the local horizon (8 = 90°). Refraction of the

incoming ray is not taken into account.

Qur algorithm is primarily foi an atmospheric model consisting of
32 nonhemogeneous layers. The height (h) of the base of these layers
above t:e mean sea-level is given as follows: h = 0 (1) 25 km, 25 (5) 50
km, and 50 (10) 60 km. The top of the atmosphere is assumed to be
located at a height of 70 km above the mean sea-level. This 32-layer
model will have the maximum surface pressure at the lower boundary.
[For ou: work, this 32-layer model has a surface pressure (Pgy) of 1,000
mb.] M-dels with Py less than 1,000 mb are generated by deleting oné,

or more. bottom-most layers of the 32-layer model. Provision-is made
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for assigning ozone amount (in atm-cm), and the aerosol number-contents
of a one aq cm cross—section column to each of these layefs. Two dif-
ferent types of aerosol (assumed to exist in the form of a spherical
polydispersion) height-distributions can be accommodated by this algo-
rithm. A type of the aeroscl is spécified by its size distribution func-

tion, and the refractive index of its material.

These atmospheric models are assumed to rest on a surface obeying
Lambert's law of reflection; According to this law, the radiation re-
flected by the surface is unpolarized and is isotropically distributed,
independent of the direction and the state of the radiation incident
upon it.  The Lambert refleétivity'(R) of such a surface is defined as
the ratio_of thg flux of eneré& ¥e£1ected by it, to that of the incident
energy upén it. - The following quantities are computed by the algorithm
as the further use of this data in thé-tétal~ozone estimation investiga—

tions require values of the intensity of the emergent radiation for any

arbitrary value of the parameter, -R:

Azimuth-independent component of the intensity emerging at the top
of the atmospheric model resting on a perfectly absorbing surface

(R

i

0);

Direct plus diffuse transmission by the atmospheric modgl in the
direction 6 when the model is illuminated from bzlow by the iso-

tropic radiation; and,

A quantity representing the diffuse flux reflectivity of the model

for the case of its isotropic illumination from below.
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All these quantities are dependent upon the wavelength (i) of the radia-
tion under secrutiny, and also upon various parameters of the atmospheric
model under investigation. Furthermore, the first two of theée quanti-
ties also depend upon the parameters 0, and 8;3. The expression for
computing values of the intensity for an atmospheric model resting on a

Lambert surface with reflectivity R, from the values of the three quan-

tities listed above, can be found on p. 15 of Pave (1976 A).

The first two quantities listed in the preceding paiagrapﬁ are com-
puted for ten different‘values of the parameter 8;, viz., 0°, 45°, 60°,
70°, 75.6°, 79.6°, 82.5°, 84,7°, 86.7°, and 90°. A giveﬁ-set of computa-
tions comsists. of all these quantities at six different wavelengths, viz.,
0.3125, 0.3175, 0.5312, 0.3398, 0.3600, and 0.3800 um. This entire set
of data for a-given model is assigned a unique number, and is stored on

a disk for future use.

éarious programs for this algorithm were written in FORTRAW IV
language, and were compiled under the FORTRAN H extended, Optimizer
Level 2, compiler. The execution of the programs was carried out via
an IBM 2741 Communication Terminal (or an IBM 3270 Visual Display Sta-
tion) attached to an IEBM 370/145 computer running under VM-CMS. A 3-
megabyte virtual machine with an attached 3330 disk space of 40 cylin-

ders was used for this purpose.

1.3 Analysie of the Total-Ozone Estimation Procedure: In Sec. l.1, we.
mentioned that a computer program (NASA total-ozone estimation procedure)

is being currently used at NASA Goddard Space Flight Center (NASA/GSEC)

21



! for the estimation of total ozone from the measurements of the ultraviolet
radiation backscattered by a terrestrial atmospheric column. This NASA
program was modified by us primarily to take advantage of several special
features of the simulated measutrements generated by the algorithm described
in Sec. 1.2. Some of these special features of such simulated measurements
are as follows: availability of measurements at solar zenith angles for
which basic tables are stored, and simultaneous measurements at all wave-
lengths. In fact, several versions of this NASA total-ozone estimation
procedure were produced with minor changes to study the effect of various

aspects of the total-ozone estimation problem (Dave, 1976 B).

One of these modified versions-of the WASA total-ozone estimation
procedu?e, refer#ed to as the'éITCA procedure (Dave, 1976 B), is recom-
mended by us for‘forming the basis for the proposed reanalysis of the
entire BUV data, and is also used by ué here for studying the effect of
atmospheric aerosols on total-ozone estimations (see Sec. IV of this re-~
port). This SITC4 procedure is for estimating values of the effective
surface albedo (R), and .the best ozone estimate (Qe) from the simulated
BUV measurements in five well-defined spectral regions (centered at-
0.3125, 0.3175, 0.3312, 0.3398, apnd 0.3800 yn) when these simulated
measurements are for the atmospheric models resting on surfaces with

spectrally-independent, Lambert reflectivity.

Out of the five spectral regions for which measurements are made in
the BUV configuration, the first four regiomns are located within the

ozone absorption band. Thus, only the measurement at 0.3800 {m is ini-
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tially available for éxtracting information about the surface reflecti-—
vity. The effect of various unknowns listed in the third paragraph of
Sec. 1.1 is minimized by taking the ratio of measured intensities in two
near-by wavelength regions, one of which exhibits stronger absorption by
ozone than the éther. For the BUV configuration, the wavelength pairs
0.3312-0.3125 pym (Pair 1), and 0.339?-—0.3175 pn (Pair 2) are therefore
used for eﬁtracting information on the total ozone content of the atmo-
spheric column. Observations at the first wavelength pair are generally
used for the total-ozone estimation when these observatioms are not for
very large values of the parameter 83. For values of 6y greater than
about 80°, contribution to the sho;ter wavelength (0.3125 pm) of the
first wa;elength pair starts coming from the parts of the atmosphere lo-
cated withiﬁ, apﬁ'above, the ozone‘layer. Consequently, the first wave-
length pair starés losing its sensitivity to changés in total ozone
amount at large 6j. Under such circumstaﬁces, observations at the

second wavelength pair are used for the total ozone estimation.

Even when relatively noise—~free measurements unaffected by aerosols
and other unspecified atmospheric constitutents are available, the prob-
lem of estimating total ozonme in the atmospheric column under the NIMBUS-
IV satellite requires knowledge of the surface pressure (Py), and reflec-—
tivity of the surface at five wavelengths listed above. The BUV observa-
tions contain very little information about the parameter Py, if any.

It is therefore considered appropriaée to use two sets of tables (one

set for 1,000 mb surface pressure models, and the other for 400 mb sur-
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face pressure models). As mentioned in Sec. 1.1, these sets are for

Rayleigh—scattering models of the terrestrial atmosphere.

The first pass with the set of five observations through the SITC4
procedure then provides values of the coarse effective surface albedo
c c ,
[RO.3800,y]’ and the coarse total ozone amourt [ﬂx,y]' The subscript ¥
stands for the set of the surface pressure tables (1,000 mb or 400 mb)

used in the evaluation of the quantity. The other subscript (x) repre-~

sents the wavelength pair. Computations of the guantity Qi * does re-
3
quire values of the quantity Rg ¥ at A = 0.3125, 0.3175, 0.3312, and
L]
0.3398 um. Since only the value of. Rc at 0.3800 is available, it is

Ay
C

necessary to assume that the quantity RA y
. : - H

is independent of A.

Depending_uﬁon the sensitivity of the wavelength pairs to changes
in the ozone amount in the regions of immediate interest, one of the
Qg 5 values is used to compute the Zmproved effective surface albedo at
H
I .
0.3398 um [ﬁ0-3398=Y] using measurgmgnt at 0.3398 uym. We then make a
second pass through the STTC4 procedure to obtain values of the Zmproved
total ozone amounts, Qi v after assuming that the quantity Ri y is
b} 3
independent of A.
In the absence of ény information about the magnitude of the parameter -
. = I I
= . - -+
Pg, the value of the effective surface albedo [# 0.5 [RA,IOOO Rx,aoo]}

is used to obtain the value of the best ozone estimate (Qe) from those of

QI and ﬂi 400 for the selected wavelength pair. Further informa-
3

%, 1000
tion about this SITC4 procedure can be found in See. 5.1 of the Technical

Report: 1II of this contract (Dave, 1976 B).
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The total ozone estimation procedure used by us for analyzing the
simﬁlated measurements of the SBUV/TOMS configuration (5 BUV wavelengths
plus an additional measurement at 0.3600 um) is named the SITD1 proce-
dure, and is also fully described in the aforementioned Technical Report.

The main difference between the SITDl and SITC4 procedure is in assign-—

ing values to the guantities Rg 5 and Ri y at the shorter wavelengths.
= — 3 3

For the SITC4 procedure, it was necessary to assume that the quantities

Rg 3 and Ri - are independent of A. TFor the SITD]l procedure, since we
3 3

have an additional measurement in the spectral region with a very insig-

s os . c
nificant amount of absorption by ozone, we compute values of R at

ALy
A = 0.3125, 0.3175, 0.3312, and 0.3398 um by linearly extrapolating the

straight line of -the Rg y vs. A in 0.3600 ~-0.3800 um region. Values of
. ’
I

RA - at A = 0.3125,0.3175, and 0.3312 um are obtained after a quad-
3
I

ratic extrapolation of the RA ¥ vs. A curve in 0.3398 -~ 0.3800 pm
-]

region.

Simulated measurements for the aerosol-free atmospheric models with
different ozone amounts (ﬂin in atm-em) and surface pressures {(a total
of 34 moéels) were used to compute values of R and Re for 10 different
values of 8, listed earlier, and 8 different values (k = 0.0, 0.1, 0.2,
0.3, 0.4, 0.6, 6.8, and 1.0) of the Lambert reflectivity of the underly-
ing surface. This R parameter was taken to be independent éf wave—
length. The SITC4 and SITD1 procedures were used for this purpose.
Comparison of Qe so computed with the corresponding value of Qin

" showed that the absence of any information about the parameter Py gen—
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erally results in a significant overestimation (Qe > Qin) of total ozone
under two conditions. One of these conéitions corresponds to the cccur-
rence of high surface pressure with high surface reflectivity, and the
other to that of the occurrence of low surface pressure with low surface
refilectivity. It was also shown that this difference between Qe and
Qin can be very insignificant if the value of Py dis available (and is
used in the determination of Qe) at the place and time of observation.
Henceforth, we will refer to the total ozone amount determined after

making use of the P, dinformation as i<mproved, best ozone estimate (Qé).

I
x,1000

is selected after studying the sensitivity of both wavelength pairs to

If Py = 1,000 mb, Qé = Q when a proper value of the subscript x

change in the ozone amount.

Values of ‘Qe obtained wifh ﬁhé SITC4 and SITD1 procedures were
found to be mutually comparable (on_tﬂe average) as long as simulated
measurements were generated for aodels with their underlying surfaces
having l-independent reflectivity. For the simulated measurements for
models with their underlying surfaces having spectrally-dependent reflec-
tivity,.values of Qe obtained with the SITD]l procedure were founé-to
compare much more favorably with the corresponding values of Qin’ than

those obtained with the SITC4 procedure.

1.4 General Outline of this Reporit: The main purpose of this Final
Report for the NASA/GSFC Contract No. NAS5-23556, is to study the effect
of atmospheric aerosols on the estimation of total ozone content of an

atmospheric column, from the simulated measurements of the intensity. of
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t@e ultraviolet radiation backscattered by it at five (BUV configura-
tion), and at six (SBUV/TOMS) different wavelengths along the nadir
direction. The total ozone content of an atmospheric column corrected
for the expected ozone content between its lower boundary and the 1,000

mb level, is represented by the symbol Qin (Dave, 1976 B; p. 7). A

value of the total ozone determined from the analysis of the simulated
measurements is rgferred to as the best ozone estimate (Qe) when the in—
formation about the pressuré at the base of the atmospheric colummn, and

at the place and time of measurements, is not used in the analysis. 1If
such information about the surface pressure is u.s-ed in the analysis, the
value of total ozone then determined is called the “mproved, best oczone
estimate, gﬁd is represented by the symbol Qé. The total-ozone estima-—
tiontion proded@re used for the analysis of the simulated BUV (SBUV/TOMS)-

configuration measurements, is referred to as the SITC4 (SITD1) procedure.

The physical characteristics of aerosols used in our investigations
are described in Sec. 2 of this report. This section also deals with
the optical properties of these aerosol models in the spectral region of

interest, viz., 0.3100-0.3800 um.

In Sec. 3, we provide information about the height-~distribution
characteristics of two types of aerosols (viz., stratospheric and "tropo-
spheric) used in our models of the terrestrial atmosphere. Information
about the total aerosol content and spectral dependence of the scatter-
ing, as well as absorption, normal optical thicknesses of various atmo;.

spheric models, is also provided in this section. A complete description
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of zn atmospheric model includes information about the pressure (Pg) at
its lower boundary, Lambert reflectivity (R) of the underlying surface,
totzl ozone content (Qin), solar zenith angle (8g), and the information
about refractive indices, size—distribution functions, height-distribu-
tion characteristics, and the total aerosol contents of the stratospheric
as well as tropospheric aerosols. Results presented in this final report
are for the models with 1,000 mb surface pressure; therefore, it is un-
necessary to refer to this parameter.‘ Results are presented for two
values of the parameter Qin’ viz., 0.250 and 0.450 atm-cm. However, the
results for models with gin = 0.450 atm—-cm are ﬁ&esented for a few
limited c;ses only. It-is therefore cqnsidered appropriate to mention
this parameter only when some confusion ié likely to develop in under-
standing of the éiscussion. A concise nomenclatﬁre for Fepresenting
various parameters of the aerosols ip a model is given in Seec. 3.3.
Values of the parameters R and 8 will be given as an adjective

describing a specific case for a given model.

Effect of aerosols on the values of total ozone estimated using the
SITC4 and SITD1 procedures is discussed in Sec. 4 by presenting results
of the deviation A, and the deviation A' which are defined by
1,000 x (Qe-ﬂin), and 1,000 x (Qé'_gin)’ respectively. Since the
effect of aerosols on the ozone estimate is found o be of somewhat
smaller magnitude to that of the parameter P;, our discussion of the
results is generally for the quantity A'. Selected results from compu;

tations for 40 different atmospheric models with different types of aero-
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gsols, and with 10 different values of 8y (viz., 0°, 45°, 60°, 70°, 75.6°,
79.6°, 82.5°, 84.7°, 86.7°, and 90°), as well as 8 different values of
R (viz., 0.0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, and 1.0), are presented in

Sec. 4.

II. AEROSCL MODELS

2.1 Physical Characteristics: Aerosols of a unit volume of air are
assumed to exist in the form of a spherical polydispersion of known size—
distribution characteristics, and made of a material of known refractiwve

index (m = nj; -~ iny) with respect to air.

The assumption about the ;phe%icity of aerosoi particles is primar-
ily made because of the readf availability of extensive datasets for
them. The exécé theory (Mie, 1908) used for this-purpose permits calcu-
lations of all characteristies of thé scattered radiation £field of a
sphere illuminated by a parallel beam of radiation. There is some evi—
dence in the published 1iterature“éuggesting that the scattering by
randomly-oriented irregular particles camn not be approximated with that
due to spheres of the same refractive index. However, this sphericity
assumption can not be expected to modify our conclusion in any signifi-

cant manaer.

The real part (n;) of the refractive index of the aerosol materials
encountered in the terrestrial atmosphere is kmown to vary from 1.3 to

2.0, However, the effect of this parameter on our total-ozZone estima-—
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tions can be expected to be of secondary importance only. We have there-
for considered it appropriate to restrict ocur present investigations to
a value of 1.5 for this parameter nj;. The imaginary part can alsc vary
in the range 0.0-0.5. However, at large values of nz; the atmospheric
aerosols tend to become opaque to the incident radiation. Hepce, the
absorption cross—section of a unit volume of a given spherical polydis-
persion increases rapidly with np, din the lower range of the parameter
ns, but very little in its upper range. Based on fhese considerations,
we have used the following five values of the parameter mn,: viz., 0.0,
0.01, O.QS, 0.05, and 0.10. These values of n, are expected to cover
a wide range of conditions encountered in the terrestrial atmosphere.

It should be added that, for a given set of simulated observations for
estimating tdéailozone (i.e., for a given 83, B case of a given atmo-
spheric model), we have assumed that the rgfraétive_index of the aerosol

material is independent of wavelength.

For specifying the size—distribution characteristics of spherical
polydispersions of aerosol, we have considered four different size-
distribuéion functions commonly used in simulation studies. The first
three of these size-distribution functions are represented by a mo@ified
gamma distribution (Deirmendjian, 1969) for which the normalized, aeroseol
number-density [n(r) in number per cc per one micrometer radiﬁs intervall

is given by the following equation:

n(r) = P exp(-brY) > (1)
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where r is the radius of the spherical particle in micrometers. Values

of the constants a, ¢, b and v for the size-distribution Ffunctions

called Haze H, Haze L, and Haze M, are given in Table I. The lower

(rmin)’ and the upper (rmax) cut—offs for these functions are 0.001, and

7.0 ym, respectively.

TABLE I. Values of the constants appearing in Egq. (1) for

three different modified gamma distributions.

Size~distribution Constants appearing in Eq. (1)
function
a o b Y
Hase H-. | 4.00000 x 103 2.0 20.0000 1.0
Haze L~ 4.97570 x 1o* 2.0 15.1186 0.5
Haze M 5.33333 x 102 1.0 8.9443 0.5
‘{‘

The fourth size—distribution function is a discontinuous function
called the"JUng size-distribution funection (Bullrich, 1964). It will
be referred to as Hgze J in this report. Values of n(r) for this func-

tion are given by the following equation:

n(r) = 8.33 for 0.02 = r £ 0.1,

and

. (2)

n(r) = 8.33(0.1/r)* for 0.1 st £ 7.0
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Further information about the rationale behind the use of these
size—-distribution funections for representing n(r) vs. r characteristics
of the terrestrial aerosols, can be found in the publication by Bullrich
(1964), and by Deirmendjian (1969). It will suffice to state here that
the Haze H function is expected to describe, adequately, the size-
distribution characteristics of the aerosol particles found in the lower
stratosphere. The Hgze M function is expected to represent the size-
distribution characteristicé of aerosols found in the lower levels of
large coastal areas. The size-distribution characteristics of-aerosols
in the lower troposphere over large continental areas are represented by

the Haze L, and Hase J functions.

Variations of n(r) vs. r for the four different kinds of size-
distribution functions described in the preceding -paragraphs, are shown
in Fig. 1 on a log-log scale. With the values of various comstants given

above, the integral

r
J max
. n(r) dr

min
has a value of unity for the Haze H, Haze L, and Hazse M functions, and

a value of 0.944 for the Haze J function.

2.2 C(Cross-Sections: The optical properties of the scalar (without
polarization aspects) field of the radiation scattered by a unit veolume
of a given spherical peolydispersion, are fully represented by two sets

of quantities. The first set of quantities contains the scattering cross-—
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(s C)]

"section [8

, and the absorption cross-section [B( )] of an average par-

i
.ticle in the spherical polydispersion (cm? per average particle). (These
cross—-sections are also referred to as coefficients in the literature.)
The second set of quantities consists of a series of normalized Legendre

coefficients [Ai] describing the directional characteristics of the radi-

ation scattered by the polydispersion according to the following equation:

NMX
P(cos Q) = Z AQ Pi(coe@) . (3)
=0 :

The quantity P{(cos©) on the left hand side of this equation is called
the normalized phase functlon (see p. 19 of Dave, 1876 A). The functions
P (cos'@) "are the well—known Legendre functlons whose argument is the
cosine of phe\angle {0) between the directions of the incidence, and

v

scattering.

The: quantities E(Sc), E(a), Aﬁ, and NMX are functions of various

parameters necessary to descrlbe a glven spherlcal polydlsper91on, and

also of the refractlve index (m = n; -iny) of the polydispersion mater=

ial.

All these quantities were computed from the basic data representing
the scattering and absorption characterxistics of spheres of khOW; eize
parameter {(circumference/wavelength of the incident radiation), and made
from materials of known refractive indices. Sueh basic date were avail-

able for a dlarge number of falues of the size parameter [0.02‘(0.02)10.00,

10.0 (0.1) 130.0, and 130.0 (0.5) 150.0] and for each of five values of the
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refractive indices listed in the third paragraph of Sec. 2.1, from pre-
vious investigations in the atmospheric radiation field carried out at

thg Palo Alto Scientific Center.

Further information about the normalized, scattering phase function

[P(cos ©)] for various types of aerosols will be given in Sec. 2.3.

(sc)

In Fig. 2, we have shown variations of the quantity B , as a
function of the wavelength (1), for fou? spherical polydispersions
described in Sec. 2.1. The results presented in this diagram are those
of the aerosol particles made from a substance with a refractive index

of 1.5-0.01. The scattering cross-section per average particle of the

spherical polydispersion called Haze M and Haze L, increases with an

increase of wavelength in the spectral region of concern to our present

investigation, i.e., 0.31-0.38 um. On the other hand, E(Sc) vs. A
curve for the Haze F spherical polydispersion exhibits a broad maximum

around 0.35 ym wavelength, and that for the Hgze J shows a decrease in’

(sc)

the values of B with an increase in A.

=(sc)

Values of B for all six wavelengths of interest, and for four
different spherical polydispersions are given in Table IT for three val-
ues of the parameter m, viz., 1.5-0.00i, 1.5-0.05i, and 1.5-0.104.

It can be seen that the genmeral trends of E(sc) vs. A

curves for
m= 1.5-0.001 shown in Fig. 2 for the size distribution functions
Haze M, Haze L, and Hgze J, are also present in the corresponding curves

for m= 1.5-0.051i, and 1.5~-0.10i. Increase in the imaginary part of

the refractive index of the Haze X polydispersion material results in a
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particle of the spherical polydispersion.

TABLE II. Scattering cross—-section [E(sc)] per averags

102 x volume scattering cross-section for

Refractive Wavelength
index in ym Haze H . Haze L Haze M Haze J
1.5-0.001 0.3125 2.8907 4.8218 9.997 0.8724
0.3175 2.8972 | 4.8345 10.017 0.8638
0.3312 2.9106 4.8678 10.073 0.8404
0.3398 2.9157 | 4.8876 | 10.107 | 0.8259
0.3600 2.9179 4.9305 10.186 0.7926
' 0.3800 - | - 2.9069 4.9681 10.262 0.7611
1.5-0.05% : 0.3123 2.6148 | 3.0128 5.7211 | 0.6277
L osdrs 2.0249 3.0298 |  5.7466 | 0.6224
0.3312 2.0690 | 3.0751 5.8089 | 0.6076
0.3398 2.0614 3,1025 5.8492 |. 0.5984
0.3600 2,0822 3.1639 5.9430 | 0.5769
0. 3800 2.0919 3.2202 6.0348- | 0.5562
1.5-0.10i { 0.3125 1.6247 2.5649 5.1845 | 0.5263
0.3175 1.6318 2.5753 5.1970 | 0.5221
0.3312 -1.6487 2.6032 5.2316 | 0.5106
0.3398 1.6575 | 2.6202 5.2533 | 0.5034
0.3600 1.6725° | 2.6584 5.3049 | 0.4864 |
0. 3800 1.6799 2.6936 5.3558 | 0.4699
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B"(SC)
=(sc)

lengths. Thus, values of R

shift of the maximum in the vs. A curve towards longer wave-
for the Haze H polydispersion with

m=1.5-~0.05i and 1.5-0.10i show an increase with increase of A.

In Table IIT, we have given values of the volume absorption cross-
scection [E(a)] of an average particle in the spherical polydispersion
Haze H, Haze L, Haze M, and Haze J for six wavelengths of interest go
the total-ozone estimation problem. These values are given for three
representative‘ values of the parameter m, viz., 1.5-0.00i, 1.5-0.054i,
and 1.5-0.10i. For np = 0, 8 = 0 for all size-distribution func-
tions, and for 411 wavelengths as there is no abserption by the aerosol

(a)

particle .in this particular case. For mnp; > 0, values of B generally
decrease with an increase of the wavelength A. The only exception to

this statement is the case with m = 1.5-0.101i of the Haze M spherical

polydispersion which shows an increase in _§(a) with an increase of wave-
length. .
In Fig. 3, we have plotted values of E(Sc) and E(a) as a function

of the imaginary part of the refractive index of the spherical polydis-
persion material. The solid (broken) curves are for the volume scatter—
ing (absorption) cross-section per an average particle in the polydis-

persion. Results presented in this figure are for an incident radiation

=(sc)

of 0.3398 um wavelength. Values of g show a decrease with an in-

=(a)

crease of the parameter mn,, while those of B show opposite trends.

However, the rate of increase or decrease is very small in the upper

range of the parameter ns. In fact, E(a) is always smaller than the
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TABLE III. Absorption cross—section [E(a)] per average

I
H

particle of the spherical polydispersion.

10% x volume absorption cross—section for

Refractive | Wavelength
index in um Haze H Haze L Haze M Haze J
1.5-0.00i 0.3125 0. 0. 0. 0.
0.3175 0. 0. 0. 0.
0.3312 0. 0. 0." 0.
0.3398 0. 0. 0. 0.
0.3600 0. 0. 0. 0.
0.3800 0. 0. 0. 0.
1.5-0.051i | - 0.3125 6.7347 1.7114 4.1786 0.2278
' 0.3175 0.7281 1.7045 4.1733 0.2257
0.3312 " 0.7108 1.6855 4.1579 0.2201
0.3398 0.6992 1.6734 4.1478 0.2167
0.3600 0.6741 1.6449 4.1226 0.2091
0.3800 0.6502 1.6165 4.0960 0.2020
1.5-0.101 0.3125 1.0110 2.0691 4.6246 0.3176
0.3175 1.0057 2.0667 4.6279 | 0.3153
0.3312 0.9910 2.0596 4.6361 0.3091
0.3398 0.9817 2.0546 4.6405 0.3054
0.3600 0.9595 2.0417 4,6487 0.2967
0.3800 0.9375 2.0274 4.6539

0.2885

39




Fig. 3.
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(sc)

corresponding value of B for a given nj, size-distribution func-

tion,and A combination.

Before closing this section, it should be pointed out that the

changes in E(Sc) and E(a)

discussed- in the preceding paragraphs for the
spectral region 0.31-0.38 pym, are rather small in magnitude. The max-~

imum change encountered is of the order of 15% over a 0.07 um change in

A.

2.3 Novmalized Phase Function: In the preceding section, we mentioned
that the directional distribution of the intensity of the radiation scat-
tered by_@ unit volume -of spherical po;ydispersion, is represented by

the normal£ée& égattefgng‘ﬁhgse.function- P(cos 0); see Eq. (3}. The
quantity 9.';ép%ésgnts the angle hetweén the diregtions of the dincident -
and scattered radiafions. This phg%é.function‘is expanded in a Legendre
series whose coefficienté (Az) depend upon the size distribution charac-—
teristics, and refractive index of:thg‘polydispersion. The upﬁer limig
of this series (viz., the quantity MMX) required for an adequate repre-
sentation of the phase function, also depends upon this parameter but,
is primarily determined by the size parameter of the largest sphere

responsible for contributing significantly to values of P{cos 0) in

various directions.

Typical plots of Az vs. f for various spherical polydispersions
and wavelength combinations (Canosa and Penafiel, 1973) show that Az

increases with 2, initially. However, a further increase in .the sub-
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script & results in a rapid decrease of ﬂg' The actual slope of the
log A.Q, vs. & curve at high values of £ is determined b}; the size dis-
tribution parameters of the spherical polydispersion, and the wavelength
of illumination. From this discussion, we see that values of AJ!, at
very high values of the subscript 2 are not necessary for an adequate

representation of the phase function within any reasonable accuracy,

Use of the computer program described in another NASA/GSFC Contract
Report (Dave, 1972) results in the generation AR. terms whose absolute
values are of the order of 10720, or even smaller, at large values of
the subsc;ript . For the spherical polydispersions Haze H, the upper
limits of the Legendre series of phase functions for various A and
m(= nj; ~iny) combinations, and as generated by this program (Dave, 1972),
were found to fall in the range 65-75. For the Haze L polydispersionm,
this range was found to be 160 - 190. ]S.‘or the éemaining two polydisper-
sions whose radiation fields receivle significant lcoutribution‘s from
spheres as large as 6 ym in radii (i.e., Haze M and Faze J), this range
was found to be 270- 325. A very significant reduction in these upper
limits, without any sign-ificant effect on P(cos ©) wvalues, could be ob-
tained by terminating the series for a given case (specified by A, m,
and the size-distribution parameters) at a value of the subscript &
such that absolute values of all Az's above this value of £, are l:'-;ss
than 107°., With this criterion, the range for the upper limits of the
Legendre series for Haze H polydispersions could be reduced from 65-75,

to 40 - 45.
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It was found that an adequate represéntation of the phase function
for a given case can be maintained with an accuracy of at least first
three significant figures, after still lowering of. the upper limit, NMX.
For this purpose, we compared values of P(cos @) obtained after termin-
ating the series, for a given case, at NMX-80, NMX~70, ¢ * -+, NﬁX—lO,
and NMX. A total of 181 values of 0 given by © = 0° (1°) 180° was

used for this purpose. With this 2-step examination of A, output for

2
the case specified by Haze L, 1.5 -0.011i, aﬁd 0.3125 ym, we succeeded in
lowering the upper limit of the Legendre series of its- phase function
from 190 to 149 (10-° criterion), to 119 (3 SF reproduction of the phase
func;?oq criterion), without apy_ﬁgdesirable effects on P{cos Q). Sim~
ilar redﬁéfioﬁs-in the ﬁpper limit of the Legendre series for phase
functions 6% othe%'cases were-also_bbtained after cgrrying éut above-
mentioned éroced;res.- We feel that this analysis of Al vs. % output
for various cases is necessary for obtainiﬁg a very significant reduction
in tﬁé coﬁputational load with an.assurance that no deterioration, in the

quality of ultimate results, has occurred.

In Fig. 4, we have plotted values of' P(cos B8), as a function qf the
scattering angle ©, for the spherical polydispersions Haze H, Haze L,

Haze M, and Haze J illuminated by 0.3398 um radiation. The-upper (loﬁer)
set of the curves is for polydispersions made from a material with a re~
fractive index of 1.5-0.01i (1.5-0.1i). Results are presented only for

the angular range of immediate interest, viz., 90° - 180°. For the ob-.

servations along the local nadir, the direction of interest varies from
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Fig. 4.

NORMALIZED PHASE FUNCTION

WAVELENGTH: 0.3398 um ]

L | I ! | | l
Ol -
° “ 890 . 120 . 150 180

SCATTERING ANGLE (DEG)

Variations of the normalized phase function of a unit
volume of the spherical polydispersions Haze M, Haze L,
Haze H, and Haze J, as a function of the scattering
angle. The upper (lower) set of curves is for the
polydispersions made from material with a refractive
index of 1.5-0.04 (1.5-0.11). An integration of

the scattering phase function over a solid angle of

4t, yields a value of 4w,

-
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® = 180° to © = 90°, as the solar zenith angle (8;) is changed from 0°

to 90°.

For m = 1.5~0.01, slopes of the P{cos 6) vs. O curves in the
angular region 150° - 180° are greater for the Haze I and Haze M polydis-
persions, than thoge for the other two. An increase in the imaginary
part of the refractive iﬁﬁex results in the disappearance of the rela-

tively broad peak, in the backward direction, for all four cases.

Before concluding this section, we would like to comment on the up-
per limit (rmax) for the size-distribution function Haze J. According

to Fig.- 1 and also Eq. (2), Lo = 7.0 um for this polydispersion. As

ax

it can be'seen from Fig. 1, for values of r > 6 pm, the slope of n(r)

ve. ¥ ecurve for the Haze J pﬁlydispersion is the smallest of all. TImn

fact, this slope is such that particles with r > 7.0 ym may contribute,

(se) =(a)

to some extent, to computed values of P{(cos0), B , and B

for
this dispersion at all wavelengths, and for all refractive indices.
Particles of radius greater than 7.0 um can be sustained under average
atmospheric conditions. Thus, the upper limit of the size-distribution
function HAagze J is definitely arbitrary. (With respect to this, it
should be pointed out that the polydispersions Haze L and Hase M tend to
provide lower bounds for the giant aerosol number-density encountered
under average, tropospheric conditions.) In order to investigate the

(sc) for the

effect of Toax OO computed values of P(cos @) and B
spherical polydispersion Haze J, a new set of calculations were carried

out for all six wavelengths but for m= 1.5-~0,00L only. We found
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that an increase in the value of oox for the Haze J polydispersion

(s¢) 4y about 0.3%,

from 7.0 um to 10.0 um results in an increase of B
but those of P(cos @) in the forward direction (& = 0°)‘by as much as
24%. In other directiomns, values of P{(cos ©) of the Haze J polydisper-

sion cbtained with the aforementioned values of rmax were found to

agree, on the average, within *1%Z.

ITI. ATMOSPHERIC MODELS

3.1. Eeight-Dis?ribution Characteristics of Aerosols: On pp. 21 -24 of
the Techﬁical Report: II of this contract (Dave, 1976 B), we prévided
informati?n aboqt the éeometric fhickness, pressure thicknesé, and ozone
content;-9f 32 different basi; layers of various aerosol-free mecdels used
in our investigétions. The latter information ig provided for ten dif-
ferent atmospheric models whose total ozone content (Qin) is varied from
0.200 to 0.650 atm—cm, in steps of 0.050 atm~cm. Our investigations on
the effect of aerosols oﬁ the values of total ozone estimated from the
backscattered radiation measurements, are restricted to models with

Qin = 0.256, and 0.450 atm-cm. Furthermore, surface pressure (Py) at the
lower boundary of these atmospheric models is taken to be 1,000 mb.

These two aercsol-free mo¢e1§, viz., Pgp = 1,000 mb and Qin = (0.250 atm—-cm, .

and Py = 1,000 mb and Qin = (0.450 atm—cm, are assigned the numbers 3 and

7, respectively, during our previous investigatioms.
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For studying the effect of aerosols on total-ozone estimations, we
have used two aerosol-content vs. height curves which are expecﬁed to
represent vertical profiles of aerosols encountered in the terrestrial
atmosphere under average conditions. One of these aerosol-content vs..
height curves is wvoid of any aerosoi particles in the lower atmosphere,
and is therefore referred to as the stratospheric distribution. The
other one with its aerosol content confined to the lower parts of the

atmosphere only, is referred to as the tropospheric distribution.

In Fig. 5, we have shown the variations of the pressure thickness

(mb km~!), and the aerosol number—den31ty (number cm 2 km-1) for the stra-

tospherlc as well as tropospherlc distributions as a functlon of height

(km) . Numerlcal values of the stratospherlc as well as tropospherlc
aerosol c;ngéhts of a column of oné‘sq cit cross~section in each of the
32 basic layers of the atmospﬂeric modélsl are‘given in Table IV. Re-
sults presented in‘Fig. 5 and Table IV are for the models with 1 x 106i
aerosol particles in tﬁe stratosphere, and 40 x 10°% particles in the
. troposphere. Similar data for the models with total aeroscl contents
different from those presented here, are obtained after multiplying. the
aerosol-content vector of a given distribution by the appropriate scalar
factor. Thus, for our present investigations, a change in the total

aerosol content of the atmospheric column for a given type of aerosol

implies 70 change in the vertical profile of that aerosol distribution.

The vertical profile of the stratospheric distribution used fox our

investigations shows a bg@gﬂ maxiﬁum between 18 and 25 km, and a rapid
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Fig. 5. Variations of the pressure thickness (mb km~!, scale at the
top), and of the stratospheric as well as tropospheric aerosol
number~density (number cm™2 km~!) as a function of height for
the atmospheriec models used in our investigations. This dia-
gram is for the models with 1 x 10%, and 40 x 108 particles in
one sq. cm. column of the stratosphere and troposphere, respec-
tively. Curves for the models with aercsol contents different
from those presented in this diagram, are obtained after shif{:—

ing the appropriate curve to the left or the right as necessary.
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TABLE IV.

Stratospheric and tropospheric aerosol contents of a column
of one sq cm cross-section in 32 basic layers of the atmo-

spheric models used in our investigations..

These data are for the models with 1 x 10® aerosol parti-—
cleg in the stratosphere and 40 x 108 particles in the tropo-
sphere. Similar data for the models with total aerosol con-
tents different from those presented in this table, are
obtained by multiplying content of all.layers for a given

distribution by an appropriate factor.

Layer Aerosol content Layer Aerosol content
-numbeér ‘Stratos. Tropos. numbexr Stratos. Tropos.
1 0L, 0. 17 8.50x 10% | 0.
2 0. 0. 18 5.00 1.00x 10*
3 1.00x 103 - 0. 19 1.50 3.00
4 2.00 0. 20 1.00x 10% | 6.00
5 5.00 0. .. 21 -+ 0. 1.00 x 10°
6 1.10 x 10% 0. 22 0. 1.00
7 | 3.40 0. 23 | 0. 1.00
8 2,40 0. 2 0. 1.00
9 4.50 0. 25 0. 1.00
10 6.80 0. 26 0. 1.00
11 1.00 x 105 0. 27 0. 3.00
12 1.24 0. 28 0. 6.00
13 1.24 0. 29 0. 1.00 x 105
14 1.14 0. 30 0. 3.00
15 1.03 0. 31 0. 8.90
16 9.40 x 10% . 32 0. 2.55 x 107
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decrease in the aerosol number-density with increase of height above 25
km level. The aerosol number-density for the tropospheric distribution
shows a very rapid decrease with an increase of height in the 0-5 km

region, but very little change in the 6 —12 km region.

3.2 Total Aerosol Contents of Various Models: 1In the preceding section,
we mentioned that a change in the total aerosol content of an atmospheric
column for a given type of aerosols (stratospheric or tropospheric) does
not involve any change in its vertical profile. Thiéflimitation is jm=
posed primarily for understanding the effect of changing a given aerosol
" parameter on the values of total ozone estimated from the simulated mea-
surements of £he ultraviélet ;adiation backscattered by the earth-

atmosphere system.

Qur investigations related to changes in the stratospheric aerosol
parameters is restricted‘to only one size~distribution function, viz.,
Haze H. Several values of the imaéinary part of the refractive index éf
the polydispersion material are used, but these changes do not call for
any adjustment of the total stratospheric aerosol content of the atmo-
spheric column. We have used three different %alues for the total
stratospheric aerosol content parameter, viz., 1 XIOS, 5 x105, éﬁd
20 x 10°. As mentioned earlier, stratospheric aerosol contents of columns
in basic layers for the 5 x 108 (20 x 10%) case are obtained after multi-
plying values in the second and f£ifth columns of Table IV by a scalar

factor of 5.0 (29.0).
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For our investigations related to changes in the tropespheric aero-
sol parameters, we have considered it proper to use two different size-
distribution functions (viz., Hage I and Haze J) after aﬁalysis of the
results presented in Figs. 2 and 4. TFor our total tropospﬁeric asrosol
content, we have used two different values (viz., 40 x 10 and 200 x 10%)

in conjunction with the size-distribution function Haze L.

From the results presented in Fig. 2, Tables IT and III, it can be
seen that the volume =scattering and volume absorpti;n cross—-sections of
an average particle for the Haze L polydispersion for a givem A,m
combination are significantly different from those for the Haze J poly-
dispersion. Furthermore, tﬁe_rgte of change of E(Sc) [or E(a)] with
A ds also depeﬁ@ent uﬁon values of the parameter m, and the size-

distribution function. These differences between -values of E(Sc) and

E(a) for the Haze I and Haze J polydispersions, and their dependence on
A and m, create problems dﬁring interpretation of the total-ozone esti-
mation results. If we wish to study the effect of changes in the size-
distribution function on the estimated wvalues of total ozone and in so
doing wé hold the total tropospheric aerosol content constant, we have
changed not only the size-distribution function of the tropospheric
aerosols, but also the total normal optical thicknesses of models.at all
wavelengths. A change in thé size~distribution function of the tropo-
gpheric aerosols from Haze L to Haze J results in a reduction of the

total, tropospheric-aeroscl, normal optical thickness by a factor of

about 6.
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In order to minimize the effect of changes in optical thickness in-
troduced as a result of changes in the size-distribution function, values
of the total (scattering plus absorption) normal opéical thickness due to
tropospheric aerosols were made equal at % = 0.3398 ym for the set of
models whose results are to be intercompared. Values of the scaling
factors used for such normalization are given in Table V. As for example,
?he results for the model with the sphefical polydispersion Hazse L having
m = 1.5~0.051 and 200 x 10 (scaling factor: 5.0) particles, become com—
parable with those of the model with the spherical polydispersion Haze J
having the same value of the parameter m, but 1172 x 10® (scaling factor:
29.2950) particles. This pormalizafion vields a value of 0.95518 for the

total (scattering plus absorpfion) normal optical thickness due to the

TABLE V. Scaling factors used for normalization of the total (scattering
plus absorption) normal optical thickness due tc the Haze I ahd

Hase J tropospheric aerosols at (.3398 um.

. . Haze L Haze J
Refractive
index Scaling Total aerosol Scaling Total aerosol
factor content factor content
1.5-0.004 1.0 40 x 108 5.9181 237 x 108
1.5-0.004 5.0 200 x 10° 29.5905 1184 x 10°
1.5-0.051 1.0 40 x 108 5.8590 234 x 108
1.5-0.05% 5.0 200 x 108 29.2950 1172 x 10°
1.5-0.10i 1.0 40 x 108 5.7805 231 x 108
1.5-0,101 5.0 200-x 108 28.5025 1156 = 108
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Haze T and Haze J aerosols of m = 1.5-0.051; at 0.3398 ym only. At
other wavelengths, this normal optical thickness for these two types of

aerosols have different values.

3.3 Nomenclature: From the discussion in Secs. 3.1 and 3.2, it is evi-
dent that a complete and unambiguous description of the modeled condi-
tions at the time of a given set of simulated me;surements, requires
specification of a large number of parameters. In order to discuss the
results in a precise manner, it is therefore necessary to identify

modeled conditions with one, or more, symbols.

The first ﬁarameter is related to the pressure at the lower boundary
of the a£ﬁo§pﬁeriC'moée1 ﬁnde:'inyestigafion. This parameter referred
to as the'suyfacé pressure, or the cloud-top pressure, is designated by
the symbol Py. Fértunately, all results presenéed in this report are
restgicted to ﬁodels with Py = 1,000 mb. It is therefore unneceSsary-.

to refer to this parameter during our discussion.

The second parameter is the total ozone content (Qin) of a unit_at—
mospheric column of the.model when its lower boundary is extended ﬁgwn
to 1,000 mb level, whenever mecessary. We have used two different values
for this parameter, viz.,_0.250 and 0.450 atm-cm. We intend to present
results for .these two wvalues of Qin in separate paragraphs: Therefore,

this parameter will be explicitly identified only where a confusion is

*1ikely to develop.
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Next, we have a series of parameters identifying various properties
of aerosols which are assumed to exist in the form of spherical polydis-
persions with known size-distribution characteristics, Four different
size-distribution functions (viz., Haze H, Haze L, Haze M, and Haze J,
see Sec, 2.1) are mentioned in this report. We have assigned a fixed
value of 1.5 to the real part (m;) of the refractive index (m = nj —iny)
of the aerosol ﬁaterial. Two different vertical profiles (viz., strato-
spheric and tropospheric, see Sec. 3.1) representing variations of the
aerosol concentration with height are used in our investigations. A
change in the total aerosol content of one of these two types of aercsols
involves‘enly a relative displacement of the corresponding vertical pro-
file curve‘along a direction perpendicular to the height axis. Thus, we
require a mentibeing of only three parameeers for each type of aerosol.
These three parameters are as follows: - total aerosol content of one sq
cm cross—section column of the atmospheric model for a given type of
aerosol, its size-distribution function, and the imaginary part_(nz) of‘

the refractive index of the aerosol material.

Fof the identification of all variable characteristics of aerosols
in an atmospheric model, we have generated a two-part symbol. These two
parts of the symbol are connected by the character "-". The first (sec-
ond) part of the symbol represents the aforementioned three ﬁroperties of
the stratospheric (tropospheric) aerosols. Each part of the symbol has
the form nnnXmm if the kind represented by that part is present in

that model. (The quantity nnnXmm for a given kind of aefoeol is set
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to zero for a model free of that ﬁarticular kind.) The numerals nnn
(sometimes n, nn, or nnnn) represent the total aerosol content of the
given type of aerosols in the model. The letter X specifies the last
part of the name of the size-distribution function, i.e., X = #, L, M,

or J. The numerals mm are equal to 100 n,.

Aerosol information about various atmespheric models used in our in-
vestigations is given in Table VI and VII for Qin = 0.250 and 0.450
atﬁ-cm, respectively. These tables also serve the purpose of an easy
identification of various computer outputs which are referred to by model

numbers.

Two additiongl parameters reméin to be identified for an unambigu-
ous descrip&ion of all conditiocns at the time of a given set of simulated
measurements.' One of these parameters is the solar zemith angle 8y.

The other parameter is the spectrally-independent, Lambert reflectivity

(R} of the surface underlying the atmospheric model under investigation.

Thus, when we say "the 65 = 60°, R = 0.4 case for the ZO}iOS—
200 L 10 model," we imply as follows: This set of simulated measurements
is for an atmospheric ﬁodel illuminated at its top by a beam of the
direct solar radiation making an angle of 60° with the local zenith,
while the model rests on a surface with the spectrally-independent, Lam-~
bert reflectivity of 0.4. TFurthermore, a one sq cm cross—-section of
this atmospheric column contains 20 million particles whose concentra-

tion vs. helght features are represented by the stratospheric profile of
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TABLE VI. Aerosol information (in a symbolic form, see
Sec. 3.3) for various atmospheric models with

Py = 1,000 mb and Qin = 0.250 atm—cm.

Model number Aerosol information

3 , 0-0

25 1H00-0

26 5H00-0

45 20H00~0

27 1HO05 -0

28 5H05-0

.46 ‘ © 20H05-0

47 1H10-0

48 o\ .. 5H10-0

49 © 20H10-0

23  0-40L00
24 0-200L00
29 ' 0-40105
30 7 |77 0 - 200105
54 0-40110
55 0-2001L10
50 0-237J00
51 0-1184.J00
52 0-234J05

53 0-1172305
56 0-231J10
57 0-1156J10
58 20 HO5 - 200 1. 05
59 20H10-200L 10
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TABLE VII. Aerosol information (in a symbolic form, see
Sec. 3.3) for various atmospheric models with

Py = 1,000 mb and Q= 0.450 atm-cm.

Model number Aerosol information

7 0-0

60 1H00-0

61 " 5H00-0

62 _ 20H00~0

© 63 ' 1HO05-0

64 : 5H05~0

65 .1 20H05-0

66 1H10-0

67 5H10-0

68 20H10-0

69 ' 0 - 40100
70 - 0 — 200 L 00
71 0-40L05
72 0-200L05
73 0~40T10
74 0-200L10
75 20 HO5 - 200 L 05
76 20H 10 - 200 L 10
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Fig. 5, and 200 million particles whose concentration vs. height features
are represented by the tropospheric frofile of the same figure. The
size-distribution characteristics of the stratospheric (tropospheric)
aerosols are those of a spherical polydispersion called Haze H (Haze L).
Besides, these stratospheric and tropospheric polydispersions are made
from materials with a refractive index of 1.5-0.051i and 1.5-0.104,
respectively. No information about the parameter Qin (total ozone) is
provided here as its magnitude is obvious at that point in the discus-

sion.

3.4 Optical Thicknesses for the Models with 0.250 atm—cm Total Ozone:
The total normal optical thickness (Tb) of an atmospheric model is the

sum of the follpwing six normal optical thicknesses:

TéS’R): Normal Rayleigh optical thickness due to scattering by
molecules;
Téa): Normal optical thiqkness due to absorption by the ozone
molecules (for its height-distribution characteristices,
see Tables I and II of Dave, 1976 B);
TéS’ST): Normal optical thickness due to scattering by the strato-
spheric aerosols;
(2,8T) . . .
2N : Normal optical thickness due to absorption by.the strato-
spheric aerosols;
(SsTP) . . : .
2 : Normal optical thickness due to scattering by the tropor

spheric aerosols; and
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Téa,TP): Normal optical thickness due to absorption by the tropo-

spheric aercsols.

All these optical thicknesses are functions of the composition of
the atmospheric model and the wavelength of the radiation under investi-

gation.

Values of these optical thicknesses for all atmospheric models with
0.250 atm—~cm total ozone as.used in our study are given in Tables VIII,
IX, X, XI, XII, and XIII for X = 0.3125, 0.3175, 0.3312, 0.3398, 0.3600,

and 0.3800 um, respectively.

3.5 Optical Thicknesses for the Mgdbls with 0.450 atm-cm Total Ozone:
The only reason for comﬁuting-the emergent radiation fields for dusty
(with aerosols) models with different ozone amqunfé, is to study the
relative effect of 2 given aerosol condition under different ozone situ-
ations. We therefore selected several atmospheric models with 1,000 mﬁ
surface pressure and 0.250 atm-cm total ozone, and increased their ozone
content to 0,450 atwm-cm. On comparing the aeroscl information given in
Tables VI and VII, we find that models with the Haze J aerosols are not

included in this specific aspect of our investigation.

A use of the aforementiomned procedure for the generation of a 0.450

atm-cm total-ozone model from a given 0.250 atm-cm total-ozone model,

results in no change in values of the normal optical thicknesses Tés’g),
Tés,ST)’ Téa,ST)’ Tés,TP)’ and Téa,TP). Furthermore, all optical thick-

nesses at A = 0.3800 uym also remain unchanged as there is no absorption
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TABLE VIII. Values of various normal optical thicknesses at 0.3125 um
for the atmospheric models with 1,000 mb surface pressure

and 0,250 atm-cm total ozone.

rés’R) = 1.02000 Téa) = 0.41750
Aerosols TéS’ST) réa’ST) TéS’TP> Téa,TP) T
1HO0 =0 - 0.,00289 | o. 0. 0. 1. 44039
 5H00-0 0.01445 | 0. 0. 0. 1.45195
20H00-0 0.05781 | O. 0. 1.49531
1HO5~0 0.00201 | 0.00073 0. 1.44025
SHO5-0 0.01007 | 0.00367 | o. 0. 1.45124
20H05- 0 0.04030 | 0.01469 | O. 0. 1.49249
1H10-0 0.00162 | 0.00101 | o. 0 1.44013
5H10-0 0.00812 | 0.00506 | O. 0. 1.45068
20H10-0 0.03249 | 0.02022 | O. 0 1.49021

0-401.00 | 0. 0. . | 0.19287 | 0 1.63037 -
0-200L00 | O. 0. 0.96435 | O. 2.40185
0- 40105 0 | 0.12051 | 0.06846 | 1.62647
0-200L05 | O 0. 0.60257 | 0.34229 | 2.38235
0-40L 10 0. . |o. 0.10259 | 0.08276 | 1.62286
0-200L10 | O 0.51297 | 0.41382 | 2.36429
0-237300 | 0 0.20653 | 0. 1.64403
0-1184300 | 0. 1.03264 | 0. 2.47014
0-234305 | O. 0.14711 | 0.05339 | 1.63799
0-1172J05 | o. 0. 0.73554 | 0.26694 | 2.43998
0-231310 | O. 0. 0.12169 | 0.07342 | 1.63261
0-1156710 | . 0. 0.60845 | 0.36712 | 2.41307
20H05-200L05 | 0.04030 | 0.01469 | 0.60257 | 0.34229 | 2.43734
20H10-200L10 | 0.03249 | 0.02022 | 0.51297 | 0.41382 | .2.41700
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TABLE IX. Values of various normal optical thicknesses at 0.3175 ym

for the atmospheric models with 1,000 mb surface pressure

and 0.250 atm—cm total ozone. -

(8:R) = 0.22750

@

58 = 0.95700
Aerosols Tés,ST) Téa,ST) TéS’TP) Téa’TP) 29
1H00-0 0.00290 0. 0. 1.18740
5H00-0 0.01449 0. 0. 1.19898
20H00- 0 0.05794 | 0. 0. 0. 1.24244
11.05-0 0.00202 | 0.00073 | O. 0. 1.18725
5HO05-0 0.01012 | 0.00364 | O. 0. 1.19826
20H05-0 0.04050 | 0.01456 | O. 0. 1.23956
1H10-0 0.00163 | 0.00101 | oO. 0. 1.18714
5H10-0,; 0.00816 | 0.00503 |-0. 0. 1.19769
20H10-0 0.03264 | 0.02011 | 0. 0. 1.23725
0-40L00 - | O. 0. 0.19338 | o. 1.37788
0-200L00 | O. 0. 0.96690 | 0. 2.15139
0-40L05 | O. 0." 0.12119 | 0.06818 | 1.37387
0-200005 | 0. | o 0.60596 | 0.34091 | 2.13137
0-40L10 | O. 0.10301 | 0.08267 | 1.37018
0-200L10 | o. 0. 0.51506 | 0.41334 | 2.11290
0-237J00 | O. 0. 0.20449 | 0. 1.38899
0-1184J00 | 0. 1,02245 | 0. . 2.20695
0-234305 | O. 0.14585 | 0.05290 | 1.38325
0-1172.305 | 0. 0.72927 | 0.26449 | 2.17825
0-231J10 | O. 0.12073 | 0.07290 | 1.37812
| 0-1156 710 | O. 0. 0.60363 | 0.36449 | 2.15262
20H05-200L05 | 0.04050 | 0.01456 | 0.60596 | 0.34091 | 2.18643
20H10-200L10 | 0.03264 | 0.02011 | 0.51506 | 0.41334 | 2.16565
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TABLE X. Values of various normal optical thicknesses at 0.3312 um
for the atmospheric models with 1,000 mb surface pressure

and 0.250 atm-cm total ozone.

réS’R) = 0.80000 T]Ea) = 0.04375
Aerosols T]gs,ST) Téa,ST) Tés,TP) TIga,TP) T,
1H00-0 0.00291 | 0. 0. 0. 0.84666
"5H00-0 0.01455 | O. 0. 0. 0.85830
20 H00 - 0 0.05821 | O. 0. 0.90196
1HO5-0 0.00205 | 0.00071 0. 0.84651
5H05-0 0.01025 | 0.00355 | 0. 0. 0.85755
20 HO05 - 0 0.04098 | 0.01420 | O. ) 0.89893
1H10-0 1 0.00165 °[ 0.00099 | O. 0. 84639
5H10-0 - 0.00824 | 0.00496 | O. 0.85695
20H10- 0 0.03297 | 0.01982 | 0. 0. 0.89654

0- 40100 0.. 0. | o0.19471 { o. 1.03846
0-200L00 | O. 0. 0.97357 | 0. 1.81732
0-40105 0. 0. 0.12300 | 0.06742 | 1.03417
0-200L05 | 0. 0. | 0.61501 | 0.33709 | 1.79585
0-401 10 0. 0. 0.10413 | 0.08238 | 1.03026
0-200L10 | O. 0. 0.52064 | 0.41191 | 1.77630
0-237300 | oO. 0. 0.19894 | 0. 1.04269
0-1184300 | O. 0. 0.99469 | 0. 1.83844
0-234J05 | 0. 0. 0.14240 | 0.05159 | 1.03774
0-1172305 | 0. 0. 0.71202 | 0.25794 | 1.81371
0-231310 | 0. 0. 0.11806 | 0.07148 | 1.03329
0-1156710 | o. 0. 0.59031 | 0.35740 | 1.79145
20H05-200L05 | 0.04098 | 0.01420 | 0.61501 | 0.33709 | 1.85104
20H10-200L10 | 0.03297 | 0.01982 | 0.52064 | 0.41191 | 1.82909
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TABLE XI. Values of various normal optical thicknesses at 0.3398 um
for the atmospheric models with 1,000 mb surface pressure

and 0.250 atm-cm total ozone.

T.k()S’R) = 0.71800 ré"") = 0.01205
Aerosols TéS’ST) Téa,ST) TéS’TP) Téa,TP) Tb
1HO00-0 0.00292 | O. 0. 0. 0.73297
5H00-0 0.01458 | O. 0. 0. 0.74463
20 H00 - 0 0.05831 | 0. 0 0.78836
1HO05.-0 0.00206 | 0.00070 | o. 0 0.73281
5H05-0 0.01031 | 0.00350 | 0. 0. 0.74385
20H05<0 . | 0.04123 | 0.01398 | O. 0. 0.78526
1810-G 0.00166 '| 0.00098 | o. 0. 0.73269
5H10-0 | 0.00829 | -0.00491 | 0. 0. 0.74325
20H10 -0 0.03315 | 0.01963 | 0. 0. 0.78283

0 - 40 L 00 0. 0. 0.19550 | O. 0.92555
0-200L00 | O. 0. 0.97752 | 0. 1.70757
0-40L05 | O. 0. | 0.12410 | 0.06694 | 0.92109
0-200L05 | O 0. 0.62050 | 0.33468 | 1.68523
0-40L10 0 0. 0.10481 | 0.08219 | 0.91704
0-200L10 | o. 0. 0.52403 | 0.41093 | 1.66501
0-237300 | O 0 0.19550 | 0. 0.92555
0--1184J00 | O 0 0.97751 | o. 1.70756
0-234305 | O. o 0.14024 | 0.05080 | 0.92109
0-1172305 | o. 0 0.70120 | 0.25398 | 1.68523
0-231J10 | o. 0 0.11639 | 0.07061 | 0.91704
0-1156 310 | 0. 0. 0.58193 | 0.35304 | 1.66501
20H05-200%.05 | 0.04123 | 0.01398 | 0.62050 | 0.33468 | 1.74044
20H10-200L10 | 0.03315 | 0.01963 | 0.52403 | 0.41093°| 1.71779
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TABLE XII. Values of various normal dptical thicknesses at 0.3600 um
for the atmospheric models with 1,000 mb surface pressure

and 0.250 atm-cm total ozone.

r.]SS’R) = 0.56340 -réa)‘ ~ 0.00030
Aerosols TéS’ST) Téa,ST) Tés’TP) | Téa,TP) Ty
1H00-0 0.00292 -| o. 0. | o. 0.56662
5H00 -0 0.01459 | 0. 0. 0. 0.57829
20 H00 -0 0.05836 | O. 0 0. 0.62206
1 H05 -0 0.00208 | 0.00067 | 0 0. 0.56646
5H05-0 0.01041 .| 0.00337 | © 0. 0.57748
20 H05'- 0 | 0.04164 | 0.01348 | 0. 0. 0.61882
1H10-0 . 0.00167 | 0.00096 | O _ 0. 0.56633
5H10-0. - ° 0.00836 | 0.00480 | 0. 0. 0.57686
20H10-0 | 0.03345 | 0.01919 | 0. 0. 0.61634

0- 40100 0.’ 0. 0.19722 | 0. 0.76092
0-200L00 | O. 0. 0.98610 | 0. 1.54980
0-40L05, | O. .. | 0.12655 { 0.06579 | 0.75605
0-200L05 | O. 0.63277 | 0.32897 | 1.52544
0-40L 10 0. 0. 0.10633 | 0.08167 | 0.75170
0-200L10 | o. 0. | 0.53167 | 0.40835 | 1.50372
0-237J00 | O. 0. 0.18762 | 0. 0.75132
0-1184300 | O. 0. 0.93812 | o. 1.50182
0-234305 | 0. 0. ' 0.13520 | 0.04900 | 0.74791
0-1172J05 | 0. 0. 0.67602 | 0.24502 | 1.48474
0-231J10 | O. 0. 0.11246 | 0.06861 | 0.74477
0-1156J10 | O. 0. ° 0.56230 | 0.34306 | 1.46906
20H05-200L05 - 0.04164 | 0.01348 | 0.63277 | 0.32897 | 1.58057
20H10-200L 10 | 0.03345 | 0.01919 | 0.53167 | 0.40835 | 1.55636

64



TABLE XITI. Values of varioug normal optical thicknesses at 0.3800 um

for the atmospheric models with 1,000 mb surface pressure

and 0.250 atm—-cm total ozone.

=S8 = 0.44940 o =0
Aerosols féS’ST) Téa,ST) TéS’TP) Téa’TP) Ty

1H00 -0 0.00291 | o. 0. 0. 0.45231
5H00-0 0.01453 | O. 0. 0. 0.46393
20H00 - 0 0.05814 | 0. 0. 0. 0.50754
1HO5~ 0 0.00209 | 0.00065 | 0. 0. 0. 45214
SHO5-0 0.01046 | 0.00325 | 0. 0.46311
20H05 - 0 0.04184 | 0.01300 | o. 0.50424
1H10-0 0.00168 7| 0.00094 | 0. . 0.45202
SH10-0 0.00840 | -0.00469 | 0. . 0. 46249
20110 -0 0.03360 | 0.01875 | 0. 0. 0.50175
0- 40100 0. 0. 0.19872 | 0. 0.64812
0-200L00 | O. 0. 0.99362 | 0. 1.44302

0~ 40105 0. 0. _ 0.12881 | 0.06466 | 0.64287
0-200L05 | O. 0. 0.64403 | 0.32330 | 1.41673
0-40L 10 0. 0.10775 | 0.08110 | 0.63824
0-2001 10 0. 0.53873 | 0.40549 | 1.39361
0-237300 0. 0.18017 | O. 0.62957
0-1184700 | 0. 0. 0.90086 | 0. | 1.35026
0-234305 | 0. 0. 0.13034 | 0.04733 | 0.62708
0-1172305 | 0. 0. 0.65172 | 0.235665 | 1.33778
0-231J10 | oO. 0. 0.10865 | 0.06671 | 0.62476
0-1156310 | o. 0. 0.54324 | 0.33354 | 1.32618
20H05-200L05 | 0.04184 | 0.01300 | 0.64403 | 0.32330 | 1.47157
20H10-200L10 | 0.03360 | 0.01875 | 0.53873 | 0.40549 | 1.44596
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by ozone at this wavelength, Values of the noimal ozone—-absorption opti=-
cal thickness [Téa)} for the models with 0.450 atm—cm total ozone at

A = 0.3125, 0.3175; 0.3312, 0.3398, and 0.3600 are 0,75150, 0.,40950,
0.07875, 0.02169, and 0.00054, respectively. A value of T, at a given

wavelength and for a given model with 0.450 atm—cm total ozone can then

be easily calculated after adding the difference between Tga) with
0.450 atm-cm and Téa) with 0.250 atm-cm, to the value of ™ for the

corresponding model with 0.250 atm-cm total ozone, and the appropriate

wavelength.

IV. DISCUSSION OF RESULTS

4.1 Genergl: Simulated measurements of the ultraviolet radiation back-
scattered by a célumn of the earth;atmasphere system along the local
nadir, are analyzed in terms of the‘following quantities: Effective
Surface Albedo (R), Best Ozone Estimate (sz ) of the total ozone amount
(Q ) in the column, and the ImProved Best Ozone Estimate (ﬂ ) which is
determined after using information about the surface pressure (Pg) of
the atmospheric model. GSince all atmospheric models for which results
are discussed in this report are for a surface pressure of 1,900 mb, the

quantity Q; = ot

which is the improved total ozone amount deter-—
x, 1000 . .

mined with the observations at the =x-th wavelength pair, and 1,000 mb

tables (see Sec. 1.3). Observations at the first wavelength pair (viz.,

0.3312 -0.3125 pym) are used for the determination Qi 1000 if the solaxr
H

zenith angle (8;) at the time and place of measurements is less than, or
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equal to, 79.6°; observations at the second wavelength pair (viz.,

0.3398 -0.3175 pm) are used for measurements at higher values of 8.

Observations for the 5-wavelength, simulated BUV configuration are
analyzed by making use of the SITC4 procedure. Those for the 6-wavelength,
simulated configuration of the TOMS section of the SBUV/TOMS experiment
are analyzed with the SITD] procedure. A brief discussion of these total-
ozone estimation procedures can be found in Sec. 1.3 of this report. A
complete discussion of these procedures can be found in the Technical
Report: II of this Contract (Dave, 1976 B). It will suffice to state
here that the observations are analyzed in the SITC4 procedure (SITD1
procedure)zby assuming that the reflectivity R of the surface under-
lying the ﬁédel, and hence the effective éurf&ce albedo R, are spectrally-

independent (Eénﬁbe dependent upon the wavelength).

As mentionmed in Sec. 3, results presented in this report are for
atmospheric models resting on a surface whose Lambert reflectivity (R)
is assumed to be independent of 83 and A. However, because of the
nature of the analytical procedures used, we find that the quantirty R
as obtaiéed with the SITC4 procedure is a function of 8j, and that .

cbtained with the SITDl procedure is a function &g and also of A.

4.2 Physical Explanation: The purpose of this report is to investigate
the effect of atmospheric aeroscls on the values of Qe (o 9;) detexr-
mined by using the SITC4 and SITD1 procedures. However, a detailed

physical explanation of a given observed effect is bound to be very
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.lengthy, and is likely to be meaningless, in many cases for several
reasons. This is because of the basic nature of the total-ozone estima-
tion procedures used.

First, the absolute measurements of the intensity of the back~
scattered radiation at one or more wévelengths with insignificant absorp-
tion by ozone, are analyzed in terms of the pseudo-albedo values of the
surface underlying the model. Hence, these pseudo-albedos are definitely
dependent upon optical characteristics ;f aerosols in the model.

Second, values of the pseudo-albedos assigned to the wavelengths
with significant absorption by ozone from those with insignificant absorp-
tion by it, are procedure dependent.

Third, the:quantity used. for the determination of Qe {oxr Qé) is
the ratio of the measured intensities at two wavelengths of a given pair.
This ratio is likely to be less dependent on aerosols than the correspond-
ing pseudo—-albedo values in many cases. On the other hand, the Nc vs.
gin curve (see Sec. 4.1 of Dave, %526 B) used as a basis for getting he
(ox Qé) from the measured ratio of intensities may be significantly
affected by errors in pseudo-albedos. Thus, even fhough the measured
ratio of the intensities for the wavelength pair used to arrive at ‘Qe (or
Qé) may be unaffected by aerosols, the values of Qe (9;) can signifi-
cantly differ from the corresponding Qin due to errors in pseudo-albedo
values. We can also encounter circumstances under which effects of aero-
sols on pseudo-albedos, and on the ratio of intensities in the regions:
of significant ozone absorption, are such that the net effect of aeroscls

on 2 (or Q') is trivial.
. e e
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Fourth, the change in Qe (or 9;) due to a given change in the
magnitude of the ratio due to the presence of aerosols, is dependent
upon 63, upon the wavelength pair, and also upon the slope of the Nc'

VS. Qin curve in the region of immediate interest.

Fifth, the final value of Re {(not of Q;) is arrived at after fol-
}owing different routes based on the magnitude of the ultimate effeciive
surface albedo (R). Presence of a given aerosol gondition can lead to
the following of a different route for the selection of Qe if the mag-

nitude of R is significantly affected by these aerosol conditions.

qum the discussion in the preceding paragraphs, it is clear that
an explaﬁé;;on of an obéerved_chanée in Qev(or Qé) due to a given at-
mospheric-capdi?ipn at the time of measu%ements, eésentiaily involves
tracing of vario;s c;mputational steps. with actuai numerical values.
éuch an explanation is not a real pﬂysical application; In fact, it can
be considered as tedious, and to bé of very little value. We have theée—

fore considered it appropriate to hold our explanation of a given set of

results, to a bare minimum level.

4.3 Deviations & and A’: 1In the last paragraph of Sec. 1.4, we men-
tioned that the effect of a given aerosol situation on the values af Qe
and 9; computed with either procedure will be investigated by presénting
the values of the deviation A [= 1,000><(Qe-—ﬂin)], and the deviation A'
[= 1,000 X(Q;'_Qin)]' We will now compare the values of A and‘A' ‘fo£

a few selected cases to see advantages of carrying out investigations of
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" the effect of aerosols on total-ozone estimations with the deviation AT,
rather than with the deviation A. It should be pointed out that the'_
current, NASA total-ozone estimation pfocedure for the BUV data is
strictly for the evaluation of the quantity Qe, and hence the deviation
A& is more useful than the deviaiion A', at this time. However, there are
plans for the evaluation of the quantity Qg in the near future. 1In

éhe meanwhile, investigations using the deviation A' are for the purposes
of obtaining a very clear uﬁderstanding of the effect of aerosols on the
values of total ozone estimated from the analysis of the radiation back-

scattered by the earth-atmosphere system.

In Table XIV, we have given vdlues of A and A' éor three different
atmosphéri&fmode}é (vié., 20H00-0, 5H05~0, and 20HO05 - 0) with Qin
= (.250 afﬁ-éﬁ.'vThese val;es obtained with the SI&C4 procedure are tabu-
lated for two values of the Lambert‘feflectivity (R = 0.1 and 0.8) of the
surface underlying the models, and.fér ten different values of the solar
zenith angle (83).. For the cases with R = 0.1, the presence of the
strat;spheric aerosols in the models affects the values of Qe or Qé
in an insignificant manner for 83 < 84.7°. Furthermore, the deviations .
A and A" are equal for all cases for which the results are presented in
the upper part of Table XIV. On the other hand, values of A' given in
the lower section of Table XIV for the models resting on a surface with
R = 0.8, differ very significantly from those of A' for all cases with
Bg < 79.6°. A comparison of the values of A' for various cases sug~’

. gests that the presence of a strongly reflecting surface underneath a
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.TABLE XIV. Comparison of the deviations A and A' for a few selected
atmospheric models with stratospheric aerosols.
Q. = 0.250 atm-cm P, = 1,000 mb
in

Procedure: SITC4

20H00-0 5HO05-0 20H05-0
B¢
A A' A Al A A'
R = 0.1
0.0 -2 -2 1 1 3 3
45.0 1 1 1 1 3 3
60.0 1 1 1 1 3 3
70.0 1 1 1 1 3 3
75.6 || o | o 1 1 3 3
79.6 . ||. =1 -1 0 0 1 1
82.5 T -1 1 1 4 4
84.7 -3 -3 -0 0 -1 -1
86.7 -8 -8 -2 -2 -8 -8
90.0 -51 -51 17 -17 -53 =53
R = 0.8
0.0 24 1 24 0 2% 2
45.0 22 1 20 0 20 ‘9
60.0 18 1 16 0 16 2
70.0 || 13 1 12 0 12 2
75.6 9 0 9 0 9 1
79.6 6 -1 8 0 6 0
82.5 4 1 5 0 3 0
84.7 0 -4 4 -1 -2 -4
86.7 -5 -8 1 -3 ~10 11
90.0 48 49 ~14 -18 61 . ~60
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"model, tends to diminish slightly the effect of stratospheric aerosols
on total-ozone estimates, for 8, < 79.6°. It would be rather difficult

to arrive at such a conclusion from the examination of data for the

deviation A.

Valués of A and A' for three different atmospheric models with
tropospheric aerosols (viz., 0-2001L00, O0~40L 05, and 0-200L.05) as
obtained with the SITC4 and SITD]1 procedures are given in Tables XV
and XVI, respectively. These results are also for Qin = 0.259 atm—cm,
Py = 1,000 mb, R = 0.0 and 0.1, and 10 different values of 8y given in
Table XIV. As the tropospheric aerosol material is changed from a non-
absorb:lf.ng'_ one (model: 0-200L00) to a partly—absorbing one (model:

- 0-200 L05_)', -va.'-!.:u_es of- the d’eﬁ’-ia‘tion A as obtained with the SITC4 pro-
cedure get;er;a.llir show_ an increase af all 63 for.R = 0.1, but a de=-
crease at all 63 for -R = 0.8, Oﬁ the other hand, corresponding val-
ues of the deviation A' generally show an increase witﬂ an increase of_
the parameter n» froﬁ 0.00 to 0-05, for both values of R. Similar
trends can also be seen as the tropospheric aerosol content is increased
from 40 to 200 million particles (from the model 0-40L 05, to the model
0-200L05). Thus, it can be seen that the deviation A' is a better
choice for studying the effect of aerosols on total-ozZone estimates,
than the deviation A. This :i:s primarily because errors introduced 3:.11 '
Qe- due to the absence of any information about the surface ?ressure at
the place and time of observation, are comparable to those due'go the-:

presence of aerosols in the atmosphere.
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iABLE XV. Comparison of the deviations A and A' for a few selected
atmospheric models with tropospheric aerosols.
9, =-0.250 atm-cm Py = 1,000 mb

Procedure: SITC4

0- 200L 00 0-40%05 0-200L 05
o0 A A? A A A A’
R = 0.1
0.0 -2 -1 2 2 7 7
45.0 -2 -1 2 2 6 6
60.0 || -1 0 1 ‘1 5. 5
70.0. . 0 R E 1 3 3
75:6 | 0 0 0 2 2
79.6- || .0 0 0 0 1 1
82.5 a1 0 1 1 2 2
84.7 -1 .0 -1 1 "2 2
86.7 ~1 -1 1 1 2 2
90.0 -3 -2 3 3 11 11
R = 0,8

0.0 . 25 ‘1 16 2 8 8
45.0 20 0 12 1 6 6
60.0 15 4 -1 9 1 3 A
70.0 11 -1 6 0 2 2
75.6 9 4 0 1 1
79.6 8 4 0 1 0
82.5 5 -1 3 0 1 2
84.7 5 -1 3 0 1 1
86.7 6. -1 3 0 1 1
90.0 11 -2 T 1 6 7
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TABLE XVI. Comparison of the deviations A and A' for a few selected
atmospheric models with tropospheric aerosols.
Q. = 0.250 atm-cm Pg = 1,000 mb
in

Prbcedure: SITD1

0- 200L 00 0-401L05 0-200L 05

"o A AT A A? A At
R = 0.1

0.0 1 -1 0 0 1 1
45.0 2 0 0 0 1 1
60.0 2 0 0 0 1 1
70.0 2 0 0 0 0 0
75.6° 1 0. 0 0 0 0
79.6 1 0 0 0 0 0
82.5 1 0 0 0 0 0
84.7 1 0 0 0 0 0
86.7 0 0 0 0- 0 0
90.0 3 0 -1 -1 -1 -1

) R = 0.8
0.0 22 -1 14 -1 1 -1
45.0 21 0 12 -1 1 0-
60.0 18 0 10 0 1 0
70.0 14 0 8 0 1 o
75.6 11 0 6 0 0 0.
79.6 9 0 5 0 0 0
82.5 8 0 4 0 0 0
84.7 0 4 0 0 0
86.7 8 0 4 -1 0 -1
90.0 28 0 15 —2 0 -2
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4.4 Effect of the Stratospheric Aerosols: Values of the deviation L'
for the atmospheric models with onl; stratospheric aerosols are presented
in Tables XVII through ¥X for a total input ozone amount of 0.250 atm—cm.
Results obtained with the SITC4 (SITD1) procedure are given Qn Tables
XVII and XVIII (XIX and XX) for R = 0.1 and-O.S, respectively. In ea;h
table, results in the first row are for a model with no aerosols (0-0).
Rows 2-4, 5-7, and 8 - 10 contain values of A' (for 10 different val-
ues of 83 listed earlier} for the stratospheric aerosol material with
m=1.5-0.00i, 1.5-0.051, and 1.5 ~0.101, respectively. The total
stratoépheric aerosol content increases from 1 to 5, to 20 x 10% parti-
cles (size-@istribution~funétion: ‘Haze H) as we move downward in a given
set of théée rows for a fi%ed:%alue of. the parameter m.

r

In a féélwterrestrial atmosphere, stratospheric aerosol contents
greater than 20 mi}lion particles may.be encountgred due to natural orA
human causes such as volcanic eruptions and high-altitude explosions.
However, we feel that a stratospheric aerosol content 6f 20 x 105 is
very high for average atmospheric conditions for several reasons. Let
us consider the total normal optical thicknesses at 0 km level due to
aerosols, and due to molecules for the.model 20H00-0 at A = 0.3800 pm.
From the Table XITI, we £ind that TéS’R) = 0.449 and rés’ST) = 0.058.
However, since almﬁst all stratospheric aerosol particles aré assigned
to parts of the atmosphere located above 15 km, it is more ﬁeaningful to

compare values of T(S’R) and T(S=ST)

(s,ST)

at 16 kn level. At this level,

1R = 5 04 and = £ 0.06, i.e., aerosol and molecular normal
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TABLE XVII. Values of the deviation A' [= 1,000 x (sze' -nin)] for the
atmospheric models with Qin = 0.250 atm—cm and strato-—
spheric aerosols; Py = 1,000 mb.

Procedure: SITC4 R = 0.1

A' for 90 =

Aerosols
0.0145.0160.0170.0{75.6179.6|82.5{84.7186.7]90.0

o~ol o] 0| o olololo|ololo
1800-0{ 0| oo o|ofo|o|o]|o]f-3
55000/ 0| 0| o] o] o| ol o]-1]-2]-s
20800-0| -2 1 | 1 | 1} o |=1]|-1]-3]|-8]-51
1#05-0f ol o [ o | olo|o|o]| o] o4
sgos-of 1| 11| 1| 1ol 1| o]|-2]|-17
20005-0| 3| 3 | 3| 3] 3| 1]|4]|-1]-8 _53
1H10-0/ 0ol o | o { o | o] ofo| o] of-4
saio-o] 11 1 | 1] 1] 1| 1}1] o] -2]-17

20H10-0| 4| 4 4 4 4 2 5 1 -7 | =54
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TABLE XVIIL. Values of the deviation A' [= 1,000 x (Qe' - Szin)} for the
atmospheric models with Q'in = 0,250 atm—cm and strato-
spheric aerosols; Py = 1,000 mb.

Procedure: SITC4 R=20.8

A" for 30 =

Aerosols
0.0145.0{60.0770.0(75.6]|79.6(82.5}184.7,86.7|90.0

o-ojofofofofololojolo]o
‘lHOO-_(_} ol o|lo|o|lo| oo ofo]-3
5w00-0l 0| o o] oo o] o]|-1]-2]|-14
20H00-0] 1| 1 | 1 | 1 | 0 |=1t|-1]|-4]|-8]-49
taos5-0lo| ol oo |lo] ool o|-1]-4
5s05-0/ 0| 0| 0o | o| o] o] o0f-1]|-3]|-18
20805-0| 2| 2 | 2| 2| 1| 0| 0 |-4]-11|-60
ta10-0lo| ojo ol o|o}o]| of-1]-a4
sg10-0/ 0| o | 1| 1o o) o] -1]-3]-20

20010-0} 2 2 2 2 2 0 0 -4 1 -12 | -64
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TABLE XIX. Values of the deviation A' [= 1,000 x (sz‘e' —szin)] for the
atmospheric models with sain = (0.250 atm~cm and strato-
spheric aerosols; Py = 1,000 mb.

Procedure: SITD1 R =0.1

A' for 60 =

Aerosols
0.0{45,0160.0(70.0{75.6|79.6{82.5(84.7186.7/90.0

0-0] 0 _‘o o|lo|lolo]ofjo|o]o
1ﬁoo—0:_0 o|lolo]Jojlojo]|lo]|-1]-5
sp00-0l 0| o | o] oo o] of-1]-s|-2
20H00-0]-1| 1 1 o | o |-2|-2]-4]|-10]-68
1805-0lo| ol ol ojol ool o0o]|-1]-5
5H05-0{ 0| O 0 0| 0 0 0 | -1 | -3 |-24
2005-0| 1| 1| 1| 1|1 }|-1]-1]-5]|-13]|-82
1g10-0lof o | o | o] ojojol|o]-1]-6
5810-0f 0| 0 [ 0 | 0 | 0 | 0} 0 |-1]-4][=-25

20H10-0} 1 1 2 2 1 0 -1 | -5 1-131{-86
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TABLE XX. Values of the deviation A' [= 1,000 x (ﬂe' - szin)] for the
atmospheric models with Qin = (.250 atm—cm and strato-
spheric aerosols; Py = 1,000 mb.

Procedure: SITD1 R = 0.8

A' for 84 =

Aerosols
0.0145.0(60.0]70.0175.6|79.6182.5|84.7186.790.0

o-ofojo|olojlojofofo]|o]o
11-160,-93 olololololo|lo|o]|o]|-
sE00-0| 0] o | o] o | 0| 0| o|-1|-2]|-16
20000-0| 1| 1 1 1 0 | =1 | -1Y] -4 | -8 | -52
105-0/ 0| o | o]l olo o] o] o]-1]-s4
sgos-olo| o] ool ofo|o]|-1]-3]-19
20m05-0] 1| 1 | 1] 1|1 |-1]-2|-5]|-12]|-65
1g10-0lo0| o o] ojolo|o]o|-1]-5
suwo-0{oj ol ol ojol| o of-1]-3]-20

20H10-0} 1 1 1 1 1 0 -2 | -5 |~13] ~69
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optical thicknesses at 0.3800 um wavelengtﬁ for the 20H00 -0 model are
practically equal at about 16 km level. This is because, for this model,
most of the molecules are situated below this level, whiie most of'the
aerosols are éituated above this level. Since thé molecular (or Ray-
leigh) optical thickness is inversely proportional to the fourth power
of the wavelength but the aerosol optical thickness shows only a mild
dependence on wavelength (Fig. 2), the ratio of the aerosol to Rayleigﬁ
optical thickness at 16 km for the 20H00-0 model will increase from
about unity at A = 0.3800 um, to about 5 at 0.6 ym. This is a ver&
large ratio indeed. Dave and Mateer (1968) have shown that such a high
stratospﬁgyig contamination leads 'to the occurrence of brigﬁt purple
twilights which é?é oniy observéd éfter véry powerful wvolcanic eruptions.
We therefofe feél that the average stratoépheric aerosol conditions are

better represenﬁed by 5 Hmm molds.

The following observations are made after.studying the data pre-

sented in Tables XVII through XX:

(i) The presence of a vafiety of stratospheric aerosol conditions
leads to an over-estimation of total ozone by a very small amount
(highest values of A' observed is about 4 units for the 20H10
médel.with R = 0.1 when the SITC4 procedure is used; T;ble XﬁII),
when the solar zenith angle at the time of simulated measurements

ig less than. 80°.

(ii) For 6y > 80°, the presence of stratospheric aerosols leads to a
0

significant under—estimation of the total. ozeme in the atmospheric
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" column underneath the satellite. The degree of this underestima-
tion increases with an increase of 8gp, and also with an increase
of the aerosol content. As for.example, for the R = 0.1, 85 = 90°
case of the model 20HO05 -0, the SITC4 procedure yields a value of
-53 units for A', i.e., we have underestimated total ozone by

about 207 under these conditions.

(iii) TFor 8y < 80°, wvalues of A" obtaineé with the SIfbl procedure -
are-generally smaller than those for the corresponding cases ob-—
tained with the SITC4 procedure. As for example, for the case
8g = 0° R =0.1 of the 20H10 -0 model, A' as obtained with thg
SITC4 and SITDI procéd&res éarries a value of 4 and‘l units, re-
spécf%vgly.

(iv) An iné&e;éé in the imaginary part (np) of the refractive index of.
the aerosol'material from 0.0§ to 0.10 lead to only small changes
in A' when the sun is not'near the local horizon. For 8y = §0°,

some dependence-of A' on ny, is noticeable.

(v) Especially for the high values of 83, the changes in A' with
increase in the wvalue of the surface reflectivity are, to some

extent, procedure-dependent.

In order to obtain some understanding of the dependence of A' on
8y discussed under (i) and (ii) above, we will dencte the ratio of the
intensity at the wavelength A of the radiation back-scattered by the

model nnHwmm-~ 0, to that back-scattered by the model 0 -0, by the symbol
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psé(l, g, nnHum~ Q). The parameteré Qin’ O, R, and Py are suppressed
for brevity. Variations of pst(l, fg,anHmm ~0) vs. A for 85 = 0°,
79.6°, and 90°, and for the atmospheric models 20HO00 -0, 20H05 -0, and

20H10-0 are shown in Fig. 6.

For 645 = 0°, the quantity pst(l, 8p, nn Hmm — Q) is independent of
A for all practical purposes. This is because almost all of the emer-
gent radiation originates from below the stratospheric aerosol layer for
this case of the overhead sun. The stratospheric aerosol layer primarily
acts as an additional attenuator &o the incoming solar, and the outgoing
planetar& radiations. However, this is not strictly true as the ratio
pst(k,0°,‘201100-0) £ 1.03 suggeséing that there is some contribution
to the outgoing radiation by ghe nonabsorbing aeroscls in the model. An
increase in the‘iﬁaginary part ;f the reffactive index of the aerosol
material from 0.00 (Model 201{00-0);.to 0.05 (Model 20H05-0), to
0.10 (Model 20H 10 -0) results in the lowering of pst(k, 8g, 20 Hum - Q)
from 1.03, to 0.98, to 0.96. If we now go through various steps of the
total-ozone estimation procedure (see Sec. 4.2), we will find some changes
in pseudo-albedo values, but very little change in the ratio of intemsi-
ties for either wavelength pair. Thus, a weak dependence of A' on ns
seen in the results presented for ©6) = 0° in Table XVIL can be attri-
buted to shifts of the Nc vSs. Qin curves due to the changeé in pseudo-
albedo values. It is interesting to note that this weak dependence of
A' on n, decreases with increase of the parameter R and also as we. go

from the SITC4 to SITD] procedure.
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" 04,0250 atm-cm; B =1,000mb; R=0.0; 6=0°
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Fig. 6. Variations, as a function of the wavelength (um), of the changes
in the intensity of radiation emerging along the nad‘ir direction
(6 = 0°) due to the presence of stratc;sphéric aerosols (Tot‘al
amount: 20 x10% particles; Size distribution: Haze H) in the
atmospheric model. Qin = 0.250 atm-cm; Py = 1,000 mb; R = 0.0.
Solid curve: m = 1.5-0.0i; Potted curve: m= 1.,5-0.051i;

Broken curve: m = 1.5-0,101i. ]
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. For 8 = 79.6°, there is some dependence of the ratio pst(k,80;
rnaHmm~0) on' A at shorter wavelengths. However, the overall effect

of the aerosol layer is now that of an attenuator in all three cases.

For 6g =.90°, the ratio pst(k, 90°, nn Hmm - 0): decreases very rap-
idly with an increase of L from d:éi?S pm to 0.3398 um. This is be-
cause the scattered radiation in the 0.3100 - 0.3200 pm region originates
from the ﬁarts of the atmosphere located above the aerosol layer, while
that in the 0.3200-0.3400 um region originates féom the parts of the at-
mosphere located within and under the aerosol layer. This strong depen-—
dence of pst(l, Bg, nn Hmm~0) on A results in the under-estimation of

the pseudo-albedo values used in the generation of the Nc vs. Qin

curves used in the estimation of dzone, and also of the ratio of the
measurad inteﬁsities at the second wavelength pair. The net result of

this under-estimation at two stages is a very significant under-estimation

of the total ozone by the pfoceduré.

In Tables XXI and XXIT, we have presented values of the deviation A'
in the format idemtical to that of Tables XVII through XX, but for
Qin = 0,450 atm-cm. Values of A' obtained with the SITC4 and SITDI1
procedures for models resting on a surface with a -Lambert reflectivity

{R) of 0.8 are given in Tables XXI and XXII, respectively.

A comparison of the results presented in Table XXI with those pre-
sented in Table XVIII (and those presented in Table XXII with those pre-
sented in Table XX) suggests that the effect of a stratospheric aerosol

layer of a given characteristic on the estimate of total ozome is move
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TABLE XXI. Values of the deviation A' [= 1,000 x @~ ;zin)] for the
atmospheric models with Q'in = 0.450 atm—cm, and strato-
spheric aerosols; Py = 1,000 mb.

Procedure: SITC4 R =20.8

Al for 30 =

Aerosols
0.0145.0{60.0,70.0{75.6|79.6182.5|84.7{86.7190.0

06-0)0}p 0} 0|00} 0] 0] 0| O0]O
1HO0-0{ 0 | © o. o | o |-1|-1|-1]-2}-5
5}100;0' o L | o0 |~-1]=-21{-51.~41]-7]|-121{-29
20H00-0| 0] 2 1 | -3 -9|-19]|-18]-20|-46| -
tg05-0lo0of o | ol o} o |-t {~1]|-1]-31-7
5H05-0| 1| 1 1 0 | =1 | -3} ~3]|-7]-14]-37
20H05-0| 3| 3 | 3 1 | -3 |-11|~12]|-26|-52] -
tg0-0lo|l o | o o|of|lo]| o |-1}|-3}-8
5210-0| 1 | 1 1 1 | 0 {=-2]|~2]-6|-14{-40

20H10-0| 3 3 3 2 -1} -8 | ~9 |-24]-54| -
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TABLE XXII. Values of the deviation A' [= 1,000 x @) - szin)] for the
atmospheric models with Qin = 0.450 atm-cm and strato-
spheric aerosols; Py = 1,000 mb.

Procedure: SITD1 ) R =10.8

A' foxr 6p =

Aerosols
: 0.0145.0}60.0(70.0175.6[79.6|82.5184.7186.7(90.0

o-olof{ o] o|o]lo]lolo]lo]| o] o
1m00-0/ 0| o o] o] o |-1]-1]-2|-3]-4
5800-0{ 0 | 0 | 0 | -1 ] -2 | s -5 | -8 | -13| -19
20u00-0/ 0| 2 | 0o | -3|-9|-19|-19|-30]~50]-57
tHos-0l 0| o | o | o.l o }-1]-1]-2]-3]-=5
5005-0|-1 1 1 | ol o | -1 | -3|-4]|~-7]-15]-23
20805-0] 2 | 2 | 2 | o | -4 |-11{-14|-30]-57]|-75
110-0/ 0|l o | o | o | o] o0 |-1]-1]~3]|-5
5810-0{ 1| 1 | 1] o | o |-2]|-3|-7]-16]|-24

20m10-0| 2| 2 | 2| 1| -1]|-8]|-12|-29]|-60]-82

86



pronounced at Qin = 0.450 atm-cm, than at "nin = 0,250 atm-cm, especially
when the sun is near the local horizon. As for example, for the case

R = 0.8, 05 = 79.6° of the model 20 H00 -0, the deviation A' as obtained
with either procedure carriesla value of -1 unit when ﬂin = 0.250 atm—-cm,
but a value of j19 units when o, = 0.450 atm-cm. It is clear that a
significant underestimation of the total ozone occurring only at very low
sun positions (8; = 86.7°) for the low ozone amount cases, is evident
even at 0y = 75.6° for the moderaLe ozone amount éases. Furthermore,
the change in A' with ‘aerosol parameter ns; is also strongly depen-
dent upon 6. As for example, the deviation A' = -19, -11, and -8 units
at 8y = 79.6° for the models 20H00-0, 20H05-0, a_nd 20110-0,
respectivéiy, bué,is eéual to'iﬁﬁ,'—SZ, and -54 at 8y = 86.7° for the

" respective models (see Table XXI). -

In order to unﬁerstand the reasoné behind an increase in the undex-
estimétion of the total ozone with -an increase in Qin at large values
of 8, discussed in the ﬁrecédingmbéragraph, we will examine the wvalues
of pst(}, 7é.§°, 20H00-0) at all six wavelengths for the models with
different ozone amounts., For the model with Qin = 0,230 atm~cm,
pst(A, 79.6°, 20H00-0) = 0.993, 0.981, 0.974, 0.973, 0.971, and 0.972
for A = 0.3125, 0.3175, 0.3312, 0.3398, 0.3600, aﬁd 0.3800 um,'respec—
tively. TFor the model with Qin = 0.450 atm-cm, this ratio carries a
value of 1.032, 1.014, 0.980, 0.974, 0.971, and 0.972, respectively.
Thus, an increase in ozone amount (Qin) cannot result in any change in

the pseudo-albedo values used in the generation of the Nc Vs, Qin
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curves reqﬁired for the estimation of total ozone. Thus, these basic
Nc vs. Qin curves do not shift as we increase the total ozone content
from 0.250 to 0.450 atm—cm, keeping the aerosol properties unchanged.
The ratio of the measured intensities for both wavelength pairs does de-
crease by a emall amount, but this decrease is too small to explain the
observed under-estimation of total ozone. It is clear that the real
reason behind the observed increase in the degree of under-—estimation of
total ozone with increase in ﬂin from 0.250 to 0.450 atm—cm, is the
decrease in the slope of the Nc vs. Qin curve with an increase in

Qin (see Fig. 1 of Dave, 1976 B).

From-the discussién in the préceding paragraphs, it can be concluded
that thé cuirent:analytic proéédures can yield significantly lower esti-
mates of totai géone in an atmospheric column if the measurements are
taken at solar zenith angles exceeding 75°, if the actual total ozone
content of the column is moderate to high, and if the stratospheric
particulate contaminants are also at moderate to high levels. Naturallf, .
the degree of under-estimation depends upon all these and several other
factors such‘as the reflectivity of the surface underlying the column.
These findings warrant a critical examination of the ééasonal and geo-
graphical variations of the aerosol content of the 15-50 km region on a
global scale, and its comparison with the stratospheric aeroéol data

used in the investigations reported in this section.

4.5 Effect of the Tropospheric Aerosols: Values of the deviation A' for

_the atmospheric models with only tropspheric aerosols are presented in
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Tables XXIIT and ¥XXIV for a wvalue of 0.1 aﬁd 0.8, respectively, of the
Lambert reflectivity (R) of the surf;ce underlying the atmospheric models.
Results given in these tables are for a total atmo‘spheric ozone content
(Qin) of 0.250 atm~cm. Values of A' o@tained with the SITC4 (SITDL)
procedure are given in the upper (lower) section of these tables. Each
section consists of seven rows with each row containing values of A’
for 10 different values of 68 listed earlier. The top-most row of a
gection provides results fo£ an aerosol-free atmoépheric model (0-0).
Row 2-3, 4-5, and 6 -7 contain values of A' for the tropospheric
aerosol material with wmw = 1,5-0.001, 1.5-0.051, and'l:S-;O.IOi, re—
spectiveiy, yith the uﬁper (lower) ‘row of a group representing results
for 40 (Zdb)‘miliion t;oposphérié‘aerosol particles in a column. Results
presented-iﬁ“thése two tables are for the existence of the t;opospheric
aerosols in the form of a spherical polydisper;ion whose size-distribution

function is designated Haze L (see Sec. 2.1).

’

The total normal optical‘thiéknéss due to Rayleigh scatteriﬁg
[TéS’R)] of a terrestrial atmosphere with 1,000 mb surface pressure, is
about 0.45 at 0.3800 ym (see Table XIII). From the same Table, we also
find that the total normal optical thicknesses due to the tropospheric
aerosol scattering [TéS’TP?] are 0.20 and‘O.Q? for:the models O-EO;JOO,

and Q- 200 1.00, respectively. However, values of the atmospheric turbid-

(SsTP) - (s,R)
b 0Ty

at about 0.55 um. The value of TéS’R) 2 0.1 at 0.55 um. From Fig. 2;

we find that the quantity Tés,TPﬁ increases with XA for the Haze L_in

ity are generally expressed in terms of the ratic of T
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TABLE XXIII. Values of the deviation A' [= 1,000 x (2} -2, )] for the
atmospheric models with Qin = 0.250 atm-cm and tropo-

spheric aerosols; Py = 1,000 mb; R = O.1.

A' for GO =

Aerosols
0.0145.0]|60.0]70.0(75.6179.6182.5184.7186.7|90.0

Procedure: SITC4
0-0 olo]olololo|lolo]o]o
o-40L00|{0o| o | o|lo]lo|o|lolol|o]o
0-200L00|-1]-1] 0l o] ol o] o]o R
0—'401;05..2 2l 1l tjolo|l 11| 1] 3
o-200m05 7| 6 | 5 {3212 2]|2]u

0-401L10 | 2 2 1 1 01 0O 1 1 i 3

0-200L10) 8 7 5 3 2 1 |-3 2 2 12
Procedure: SITD1
0-0 0 0 0 0 0 0 0 0 0 0
0—‘40]'..00 0 0 0 0 0 0 0 0 0 -1
0-200L00]| -1 0 0 0 o 0 o 0 0 0
0-401L05 0 0 0 0 0 0 0 0 0 -1
0-200L05| 1 1 1 0 0 0 0 0 0 -1
0-40L10 | O | 0 0 0 |.0 0 0 0 0 -1

0-200L 10| 2 1 1 0 0 0 0 0 0 -1
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TABLE XXIV. Values of the devigiion A" [= 1,000 x (Qe' —fzin)] for the
atmospheric meodels with szin = 0.25[)‘ atm-cm, and tropo-

spheric aerosols; Py = 1,000 wbh; R = 0.8,

A' fOI‘ 90 =
Aerosols
0.0145.0]60.0]|70.0(75.6|79.6|82.5|84.7|86.7[90.0
Procedure: SITC4
0-0 0 C 0 c 0 0 0 0 0 0

o-40L00l0| 0ol o]o|lo|lolo}ol| o]
0-200L00f 1| 0 | ~1]-17 0] 0| -1]-1]-1]-2
0-40105 .2 1| 1To]ololo]loioln
0-200L05| 8| 6 | 41 2| 1] o) 2]1]11}7

0-40L10 | 2 1 0 G 0 0 -1 0 0 0

0~200L10] 9 7 4 2 11 0 1 1 1 8
Procedure: SITDL
0-0 0 0 0 0 0 0 0 0 0 0
0~-40L00 | O 0 0 0 0 G 0 0 0 -1
0-200L0Q0{-1| O 0 0 0 0 0 0 0 0
0-40105 | -1 | -1 0 0 0 0 0 0 -1 | -2
0~200L05[-1| © 0 0 0 0 0 0 -1 | -2
0-40L10 {-1]| ~1 0 0 0 0 0 0 -1 | -2

0-200L10} O 0 0 0 0 0 0 0 -1 1 -1
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the spectral range 0.31-0.38 uym. From Braslau and Dave (1973), we find

that f£rom this case, Tés,TP) continues to increase with an increase of
s . . (s,TP)
A up to 0.55 pym. Thus, the turbidity factor [i.e., the ratio N /

Tgs’R)] is about 2~ 2.5 for the model 0~ 40 L 00, and is about 10-12.5
for the model 0~-200L00. Based on this data, we feel that our 0- 40 Lmm
models represent average aerosol Eonditions and 0-200Lmm models repre-
sent ;trong hazy conditi&ns. However, it shogld ﬁg pointed out that atmo-

spheric conditions can be encountered under which the turbidity factors

would be greater than the ones used in our investigations.

An examipation of the results presented in Tables XXIII and XXIV

briﬁgs out .the following:

(i) Even the presence of large tropospheric aerosol content has very
insignificant effect (A' = -2) on the estimated values of the
total ozone, provided the aerosecl material is a nonabsorbing one

(model: 0-200L00).

(ii) The presence of a large amount of partly-absorbing aerosols in
the troposphere (model 0-200L05 and 0-200L10) results in an
over—estimation of total ozone in the atmospheric column by about
8 to 12 units, only when the sun is very near the local zenith,
or very near the local horizon. Furthermore, this over-estimation
occurs only if the SITC4 procedure is used for the analysis of

measurements.
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(;ii) The effect of the tropospheric aerosols om total ozone estimates
as obtained with the SITC4 procedure, is the smallest at

80 = 79.60-

(iv) Values of Qé as obtained with the SITDl procedure are very in-—

sensitive to the aerosols in the lower troposphere.

In Fig. 7, we have plotted values of the ratio pth(l, 89, 0 —nn L mm)
as a function of the wavelength A for 8 = 0°, 79.6°, and 90°, and for
the atmospheric models 0 -200L00, 0-~200L05, and 0~200L10. This
ratio represents the intensity at the wavelength A of the radiation
back—scaftered by the model 0 -nnLmm, to that Back—scattered by the
model 0-0. The pafaméters Qin’ fg, R, and 6 which are common to both
cases, ére suppressed for breéity. The ratio pth(l, 0°,0-200L0O0) in—
creases very ra;idly with an iﬁcrease of X. However, such a strong
effect of aerosols on the individual intensity measurements has very
little effect (A" = ~1 and 1 for R = 0.1 and 0.8, respectively; see
Tables XXIII and XXIV) on Qé. On the other hand, a relatively weak
dependence of pth(k, 0°, 0-200L05) and pth(h, 0°,0-2001L10) on A
results'in a relatively strong effect on Qé' There are only minor
differences between pth(l, 79.6°, 0-200Lmm) vs. A, and pthgk, 90°,
0-200L mm) vs. X curves. However, the effects of these changes in
‘intensities on the corresponding values of Qé are significéntly dif-

ferent.

The strong procedure dependence of the effect of tropospheric aero—

sols on Qé can be explained as follows: Since aerescols are very near
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Fig. 7.
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Variations, as a function of the wavelength (um), of the changes
in the intensity of radiation emerging along the nadir directiom
(6 =0°) due to the presence of tropospheric aerosols (T,otal
amount: 200 x 108 particleé; Size distribution: Haze L) in the
atmospheric model. Qin = 0.250 atm-cm; Py = 1,000 mby; R = 0.0.
Solid curve: m = 1.5-0.0i; Dotted curve: m = 1.5-~0.05i;

Broken curve: m = 1.5-0.104.
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the ground, its presence results in a pseudo-wavelength dependence of the
surface reflectivity. This pseudo-wavelength dependence of R cannot be
corrected by the SITC4 procedure, but can be very-well corrected by the

SITD1l procedure (see Sec. 1.3).

It is interesting to note that the value of total ozone estimated
with the SITC4 procedure in the presence of tropospheric aerosols, is
also dependent upon the wavelength pair used. As for example, values of
Qé' as obtained with the measurements at the first and the second wave-
length pairs are 0.259 and 0.273 atm-cm, respectively for the R = 0.8,

8g = 0° case of the 0-200L 10 model.

In Table XXV, we have taﬁula;éd values of the deviation A' in the
format énd f?f the parameters‘of Table XXIV, but for Qin = 0,450 atm~cm.
The main finding'from the intercomparison of the results in these two
tables, is the inability of the SITDl procedure to correct fully for the
pseudo-wavelength dependence of R- introduced by the tropospheric aero-
sols at moderate ¥values of ﬂin' "We even come across cases where a use
of the SITDl procedure provides results of poorer quality than those
given by the SITC4 procedure. As for example, for the case R = 0.8,
6y = 84.7° of the model 0-200L05, we find that A' as obtained with

the SITC4 and SITD1 procedures carries a value of -1 and —4 units, respec-

tively.

4.6 Combined Effect: In this section, we propose to discuss the changes
in the values of the <mproved best ozone estimate (Qé) when stratospheric

as well as tropospheric aerosols are present in the models. Values of
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TABLE XXV. Values of the deviation A' [= 1,000 x (sze' -szin)] for the at—

mospheric models with € 0.450 atm-cm and tropospheric

in

aerosols; Py = 1,000 mb; R = 0.8.
A' for 65 =
Aerosols
0.0[45.0(60.0{70.0175.6|79.6(82.5|84.7186.7]90.0
Procedure: SITCA
0-0 0 0 0 0 0 0 0 0 0 0

0-40L00 | O 0 0 0 0 0 0 -1} -1j-1
0-200L00| O 0 0 0 0 0 -2 | -2 -=3] -5
0-40L05 | 1 1 0t 0 -1 | -1 | -1]-1]-1 0
0-200 L_OS-' 6 4 2 0 -1 | -3|-1]-1 0 14

0-40t10 [1| 0| 0 |-1f-1}-1|-2]-2|-2]-1

o-200z10{ 6 | 4| 2 | o) -2]-3]-1]-2|-1]15
Procedure: SITDL
0-0 olojo]o]o]olo]o.ol]o
0-40100 (-1l 0] o |o|lololo]|o|olf-
0-200100|-2f 1 | 1t |o|o]ojo]| o 0|1
0-40L05 |-2| -1 f-1]|~1|-1|=1]-1}-2]|-3]|-4
0-200L05[-3|-1|~1|-1{-2|-3|-3]-4]-6]-8
0-40L10 |-2| -1 | -1 |-1]|-1]|-1]-1]=2]-3]=5

o-200v10{-3}|-1|-1]|-1}|-2{-3|-3}|~-4]|-6]-9
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the deviation A' for seven different atmospheric models as obtained with
the‘SITCQ (upper part of the table) and the SITD1 (lower pért) procedures
are given for the models with Qin = 0,250 atm-cm and 0.450 atm-cm in
Tables XXVL and XXVILI, respectively. These results are for the 1,000 mb
models resting on a perfectly-absorbing surface (R = 0.0). FEach part of
the table contains seven rows with each row giving values of A' for 10
different values of 6, but for a selected atmospheric model. Results
presented in the first row of the upper or the lower part of a table are

for the models with no aerosols.

Modeis selected for the purpose of discussion in this section are
those with very large amounts (:)f .pai:tly—-absorbing aerosols. The second,
third, énd_the fourth rows of.é.part of a given table contain values of
A'  for the mo-de‘is 20005-0, 0~ 200-]'.. 05, and 201005 -200L 05, respec-
tively. Similarly, values of A' Ffor the models 20H10-0, 0-200L 10,
and 20H10-200L 10 are given in the fifth, sixth, and the seventh row,

respectively.

On comparison of the algebraic sum of the walues of A' for the
models with stratospheric aerosols (20 Hmm - 0) and tropospheric zerosols
(0-200Lum) for a given case, with the corresponding value of the models
with both kinds of aerosols (20 Hmm - 200 Lmm), we find that the effects of
these two kinds of aerosols on Qe’ are generally additive. As for exam—
ple, for the case 6y = 70°, values of A' as obtained with the SITC4
procedure are 4, 3, and 8 units for the models 20H10 -0, 0-—2001.10,'“

and 20H 10 - 200L 10, respectively, when Qin = 0.250 atm-cm (see Table
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TABLE XXVI. Values of the deviation A' [= 1,000 x (Qe' —Qin)] for the
atmospheric models with Qin = 0.250- atm—-cm and strato-
“sﬁheric as well as troposphefic aerosols; Py = 1,000 mb;

R = 0.0,

A' for 8; =

Aerosols -
0.0(45.0160.0470.0}175.6179.682.5]84.7[86.7(90.0

Procedure: SITC4
0-0 olo|lo|lo|lo]olo]o]ol]o
2005 -0. 3{3 33|31 |a|o}-r]-st
6—2200%05 71675 3] 2|1 32|21
20H05-200L05| 10] 9 8 | 6| s 2 |71 3 |-5] -
20810~-0 | & | &4 | 4 | 4| &4 2| 6| 2 |-71]| -

0-200L10( 8 7 3 0.3 2 1 3 2 3 13

20H10-200L10/ 12| 11 |10 -8 | 6 | 3 10| 5 | -4 | -
Procedure: SITDL

0-0 0 6 o lofo]o|lo}o] o] o,

20H05-0 1] 1 1| 1|1 |-~1}-1]|-5]=-13|-84

0-200L05] 1 | 1 1 {0/l o000 0]oO]-1

20H05-200L05| 3 | 3 2 2 1 {-1|-1}-5]|-13}-85

20H10-0 2| 2] 2| 2 1| o |-1)-51]-13]|-89

0-200L10( 2 1 1 0 0 0 0 0 0 0

20H10-200L 10| 4 3 3 2 2 0 -1 ] -5 }~14{-90
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" TABLE XXVII. Values of the deviation A’ [= 1,000><(9;-Qin)] for the
atmospheric models with Qin = 0,450 atm—cm and strato-

spheric as well as tropospheric aerosols; Py = 1,000 mb;

" R =0.0.

A' for 8g =

Aeroscls

0.0|45.0{60.0]|70.0(75.6(79.6|82.5|84.7|86.7}90.0

?rocedure:‘ SITCA

o-0 " |o|jo|lo]ololo]o]lo]ol]o
20H05 -0 4 4 | 3| 1 {-s|-17]-7] -]~ -
0-200c05| 6 5 | 3| 1 |-1|-3]|]2}2]5]-
20H05—,200L05'9_' sl 6| 2|68 |-a|-]-1-
20H10-0 s 5 75| & |<1|-12]-1| -1 -] -
0-260'_1_, w 7] s | 3|1 |-t 3|2 fz2]|s]|-

20H10-200L 10f 12| 10 8 5 | -3 | - - | = - -

Procedure: STID1
0-0 o{ofof[ojo]o|[o|O0o]|O0Of]oO
20H05-0 2{ 2| 2| 0 |=-5]|~16]-16|~37|-73|-173
0-20005[ 0| 0 | o | 0 [-1]-2|-2|-2]-3]-&
20H05-200L05( 3 | 3 | 2 | -1 | -6 |-18|-18-40(-76 |-192
20H810-0 31 3] 3] 2 |-1]-10|-13]-34|-75|-190
o-200n10{ 0| 0 | 0| 0 |-1|-2|-2]{-3]|-4]-5

20H10~-200L 10} 4 4 4 2 -2 | =13} =14 | =37 | ~78 |~204

The symbol "-" inplies that it was not possible to estimate a value
" of Ré in that particular case.
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XXVY). However, this is not always true, and some exceptions are clearly
noticeable. As for example, the deviation A' obtained with the SITC4
procedure for the- @, = 0.450 atm-cm, 6q = 79.6° case of the models
20H05-0, 0-200L05, and 20 H05 - 200 L 05 carries a value of -17, -3,
and 8 units, respectively. This is because the procedure selects the
first wavelength pair for the first two models, but the second wavelength
pair for the third models. Another example of such an exception is the -
Q. = 0.450 atm-cm, 8) = 90° cases of A' values obtained with the SITD1
procedure,

It Qhould be noted that the cases showing very significant under-

estimatiod of total ozqﬁe (large- negative values of A') are generally

discarded by the-SITC4 procedure, but are retained by the SITDl procedure.

4.7 Effect of a Change in the Size-Distribution Function: We wili now
congider the effect of changing the size-distribution fumetion of the
tropospheric aercsols from the Hazé L to the Hage J, on the maénitude of.
the Zmproved best ozone estimate (Sae‘) of the total ozome content (Szin)
of an atmospheric column. Since a change in the size-distribution func-
tion leads to changes in the aerosol normal optical thicknesses (see Sec.
2.2 and 3.2), it was considered appropriate to normalize the atténuation
(zscattering + absorption) optical thicknesses of the models with the
Hasze I, and Haze J functions at 0.3398 um (see Table V) for a convenience
of comparison. Thig normalization is achieved by charnging the total

number of tropospheric aerosol particles from one model to another

- (see Sec. 3.2).
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In Table XXVIII, we have given values 6f-the deviation A; fof
the atmospheric models with Qin = 0.250 atm-cm, and with the size-
distribution of their tropospheric aeroscls represented by the spherical
polydispersion Haze L (top-half of the table); or Haze J (bottom—half).
These models with a surface pressure of 1,000 mb, rest on a perfectly-
absorbing surface (R = 0.0). These values of- A' are obtained after
computing corresponding values of Q; with the SITC4 procedure. Results
obtained with the SITDIl procedure are not discussed here as the tropo-
spheric aerosols in this case were found to have a very significant

effect on ﬂ; (see Sec. 4.5).

On comparison of éhe value of A' for a given 65 in the =n~th
row of the top-hélf of the table with the corresponding value of A" in
the n—-th r;ﬁ éf the bottom-half of the tzble, we find that the change
in size-@istribution characteristics of tropospheric aerosols from that
of Haze L to that of Haze J, has a.small effect on ﬂg. The highest
difference in A' due to the aforementioned change in the size-~
distribution function occurs at 6y = 90° as we proceed from the model
0-200L 05, to the model 0-1172J05. This small effect of the change
in the size-distribution function of the tropospheric aerosols on Qé
can be due to a change in the phase function, or due to a small change

in the attenuation optical thickness at wavelengths other than 0.3398 um.
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TABLE XXVIIL. Values of the deviation A' [= 1,000 x (sze' ~9in)1 for the
atmospheric models with Qin = 0.250 atm-cm and tropo-
spheric aerosols of Haze L and Hasze J type size-distribu-

tion functions; Py = 1,000 mb; R = 0.0; Procedure: SITC4.

A' for 8 =

Aerosols

0.0{45.0|60.0{70.0]75.6/79.6|82.5|84.7|86.7{90.0

8ize distribution function: Haze L
IOLAOLOO. olojJo]ojojo|jojo]|]olo
0-200L00 |-1| =L | 0 | '] o | O] 0| 0 -1]-2
oLaqus_ ol 2 v{ ool l1]1]s
0-200105- 7 | 503|213} 2]2 |1

0-40L10 2 2 1 1 1 0 1 1 1 3

0-200L10 8 7 5 3 2 1 3 2 3 13
Size distribution funct-iom Hage J

0-237300 [-1] -1 0 0 0 0 0 0 0 -1

0-1184J300}-4| -3 | -1 ¢ Q 0 -1{-1]-11{-3

0-234305 1 1 1 1 o 0 1 0 0 2

0-1172305| 5 4 4 2 2 1 201 1 1 7

0-231710 | 2 2 1 1 1 0 1 1 1| 3

0-1156J310] 7 6 5 3 2 1 3 2 27| 11
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"V.  CONCLUSION

This report deals with the investigations of the effect of atmo-
spheric aerosols on the value of total ozone, in a‘column of the terres-
trial atmosphere, estimated from the simulated measurements of the ultra-
violet radiation back-scattered by it. For this purpose, simulated mea-
surements for a number of models 6? clogdless terrestrial atmosphere are
generated and analyzed by two different total-ozone eétimation procedures,
viz., SITC4 and SITD1. The ‘STTC4 procedure, requiring measurements in
five different spectral regions, is very similar to the one currently
being used at NASA/GSFC for the analysis of the radiation data from the
BUV experiment aboard the NIMBUS-IV satellite. The SITD1 procedure uses
measurements at six wavelengths specified for the TOMS section of the
SBUV/TOMS experiment aboard the forthcoming NIMBUS-G satellite. The main

difference between these procedures is the treatment of the so-called

' effective albedo of the surface underlying the atmospheric column.

Availability of an additional measurement in the spectral region with in-
significant abosorption by ozone, permits the inclusion of the spectral

dependence aspect of this albedo in the SITDl procedure.

Investigations referred to in the preceding paragraph are performed
for several values of the spectrally-independent, Lambert reflectivity of
the surface underneath, -and for ten different conditions -of the solar

{l1lumination of the models from above.

Simulated measurements are generated and analyzed for 40 different.

atmospheric models derived from selected combinations of the following
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parameters for their aerosols:

Three different wvalues of the refractive indexﬁ(m) of the aerosol

material; m = 1.5-0.00i, 1.5-0.051, and 1.5-0.101i.

Three different functions (viz., Haze H, Haze J, and Haze L) repre-
senting the size distribution characteristics of a unit volume of

aercsols assumed to exist in the form of a spherical polydispersion.

Two different vertical profiles of aerosols which are referred to

as the stratospheric and tropospheric distribution.

Three different total aeroscl content for the stratospheric dis-
tribution and two different total aerosol content for the tropo-

spheric distribution.

We find that the estimates of total ozone obtained from the analysis
of the simulated measurements are Ver§ sensitive to stratospheric parti-
culate contaminants especially if the sun is low, but the total strato-
spheric aerosol content and the total ozone content of the column are not
low. The effect of tropospheric particulate pollution on the total ozone
estimates is found to be very small in most cases. It is very desirable
to carry out further investigations in the following directions if total~
ozone estimates from the measurements of the ultraviolet radiation back-
scattered by the éarth—atmosphere system are required with a reasonable

accuracy at all times.

(2) A critical literature survey for establishing the aerosol number—
density vs. height profiles of the 15-50 km region on a global

scale under average, and under specific, conditicms.
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""(b) Comparison of the results obtained from the survey described under
(a) above with the aerosol profiles used for the investigations re-

ported in this study.

(c) . Further investigations for models with characteristics (especially
P -
' size-distribution function and vertical profile) of the strato-

spheric aerosols different from those used in this study.

(d) Developmgpt of a new generation of instruments which can provide
some information about the stratospheric aerosols at the place and
time of observation. Additional measurements aimed at determining
the polarization characteristics of the back-scattered radiation
with wavelengths smaller than 0.3 um, are likely to be useful in

the acquisition of such informatiom.

(e) Improved total-ozZone estimation procedures based on the information

about the stratospheric aeruvsols under average conditions.

Evidently, commitment to such an extensive -study can be made only
after determining the degree of accuracy with which total-ozone estimates
_are required under various geographic and atmospheric conditions. To this
effect, it should be pointed out that two additional pieces of information

required for increasing the reliability of the satellite ozone data are

the surface pressure and the spectral dependence of the surface reflec—

tivity at the place and time of observation (Dave, 1976 B).

In the absence of additional studies along the directions outlined

above and use thereof in the analysis of the actual data, we feel that
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sufficient evidence exists for exercising due caution in acceptance of
the BUV total-ozone estimates at their face values,iespecially if the.
conditions at the time of a given set of measurements correspond to that
of low sun (zenith angle > 80°), and expectation of moderate to high
amount of total ozone. To be more specific, it is possible that an-ob—
served decrease in the NIMBUS-BUV total ozone at moderate or high lati-
tudes under the condition of known stratospheric particulate contamin-
ants, is not due to a decrease in the actual total ozone content of the

column, but is an artifact of the estimation procedure used.

Near future projects call for estimations of the total ozone from
the analysis of the ultraviolet radiation back-scattered in directions
other than that of the local nadir (e.g., SBUV/TOMS om the NIMBUS-G
satellite). It is possible for a .sgcond more—~careful look at the
analysis of simulated measurements along the ﬁadir direction to provide
sufficient knowledge, which can be used for determining the effect of
various parameters on total ozone estimates from measurements in the
off-nadir directions. If not, it would be very desiral?le to extend the
investigations described in the Technical Reports: I and II (Dave, 1976 A

and B), and this final report of this Contract, to off-nadir geometry.
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