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Abstract

In this second technical report for the investigation of the effect
of atmospheric dust on the estimation of total ozone from the earth's
ultraviolet reflectivéty along a local nadir direction, we will describe
results of a detailed analysis of the simulated measurements for the BUV
(Nimbus-4) configuration by using a total ozone estimation procedure
similar to the one reported by Matoor, Heath, Kruegar (1971). Based
on this detailed analysis, we will discuss the following two Xitems:

(1) A set of recommed;tions for increasing the accuracy and confidence
level of the total ozone values estimated from the measurements of the
earth's ultraviolet reflectivity at five different wavelengths (BUV con®’
figuration); and (2} a tentative procedure for the estimation of total
ozone from measurements of reflectivity at six different wavelengths
specified in. thé SBUY/TOMS (Nimbus:G) confiiguration. -

] The above-mentinoed analysis is based on simulated measurements for
pseudo-spherical models of the earth's atmosphere resting on a Lambert
surface and having arbitrary vertical profiles of ozone, but otherwise

free of aerosols and/or water droplets.



Y

I.  INTRODUCTION

In the first technical report with the same title as this one, we
described a set of computer programs (FORTRAN IV language) for evaluating
the azimuth-independent component of the intensity of scattered radiation
emerging at the top of a pseudo—spherical atmospheric model with arbi-
trary height-distributions of ozone, and/or aerosols. The model is
assumed to rest on a Lambert ground of reflectivity R. By pseudo-
spherical, we mean that the basic atmospheric model corresponds to that
of a plane-parallel atmosphere of infinite extent along the horizontal
directions, but of finite optical extent along the vertical; the

sphericiﬁy is only partly accounted for by computing attenuation suffered

by the incoming solar radiation (neglecting refraction) for the appropriate
spherical case. Furthermore, the nadir angle of observation is also duly

corrected for the satellite's altitude above the earth's surface.

These computer programs Were_ﬁrimarily developed for assisting the
NASA, Ultraviolet Ozone Team (Dr. D. F. Heath and others) in their total-
ozone estimation work by performing analysis of the simulated measure-
ments for various realistic models of the earth's atmosphere. Estiﬁation
of total ozone in an atmospheric column from multi-spectral measurements
of the radiation backscattered by the earth-atmosphere system, is not a
trivial problem for several reasons. First, a relatively noise-free set
of spectrally pure measurements is required with an accurate knowledge:

of the instrument's position and attitude in space and time. Second,

_there are a good number of atmospheric unknowns which can modulate the



- éigﬁalqiﬁ an undeterminable manner. Besides the total 6z6ﬁérké‘gé—u_“m
estimated, some of the other umnknowns are its height distribution,
reflectivity of the underlying surface and its wavelength dependence,

surface pressure, aerosols, water droplets, ice crystals, and nonhomo-

geneities in the field of view due to one or more of these factors.

?ome aspects of this complex problem were first investigated by
Dave and Mateer [1967] with simulated measurements restricted to the
Rayleigh models of the earth-atmosphere gystem. 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 gf thé back-gcattered ultraviolet radiation
in five spectrai regions (viz:, 0.3125, 0.3175, 0.3312, 0.3398, and
0.3800 ym). Tﬂ;y then used this procedure for estimating total ozone

for a sample of 320 cases of approximéte coincidences (in space as well
as in time) of the NIMBUS-IV data,.and ground-truth measurements of total
ozone with the Dobson Spectrophotometer. They find that, on the average,
the satellite values were lower than the corresponding Dobson values by
about (.025 atm~cm. Some cases are also reported where the difference
between these two values is as large as 0.060 atm-cm. They believed

that a part of this error is due to a lack of a perfect coincidence bhe—
tween the Dobson, and the satellite data. Based on their exﬁerience with
the analysis of the NIMBUS-IV BUV data, this team of investigators have

recommended an additional measurement at 0.3600 um for the SBUV/TOMS ex-

periments to be performed aboard the forthcoming NIMBUS-G satellite.



The purpose of this report is to "discuss the results of a detailed
analysis of the simulated measurements for the five-wavelength, BUV con-
figuration. These simulated measurements are obtained by making use of

the computer programs mentioned at the beglnnlng of this section. This

analysis is for models of the earthwatmosphere system resting on a Lambert
surface whose reflectivity R may or may not vary with the wavelength, but

the atmosphere free of any particulate matter comparable in size to, or

larger than, the Wavelengths of dincident radlatlons under 1nvest1gat10n.
A set of five-wavelength simulated measurements is first analyzed in
terms'of the best ozone estimate, and the effective albedo by making use
of a procedure identical to the one discussed by Mateer, Heath, and
Krueger [1911].. Further analysis is then performed by imposing addi-
tional, vélid and meaningful cbnstéaiﬁts for acceptance of the best
ozone estimate, This analysis is folibwed by-a set of recommendations
which may be incorporated in the final, BUV, toéal—ozoue estimation pro-
cedure for increasing the accuracy and confidence level of the satellite,
total~ozone values. Experience gained from the aforementioned BUV simu-~

lation study, is then applied for developing and testing a total-ozone

estimation procedure for the six-wavelength, SBUV/TOMS configuration.

II. TOTAL-OZONE ESTIMATION PROCEDURE

2.1 Genergl: 1In §I, it was mentioned that a procedure for estimation
of total ozone from five spectral measurements of the radiation back-

scattered by the earth-atmosphere system along the local nadir direction,



“was developed and used by Mateer, Heath, and Krueger [1971]. Since a
detailed written description of this procedure was not available at the
beginning of this project, a tentative description was developed by the
author after several teiephone conversations with Mr. Larrf Novak who is
very closely associated with the BU&, total;ozone-analysis project at
NASA/GSFC. This tentative description was sent to Dr. Robert S. Fraser
(Csnsultant to the Technical Officer for this Contracf) for a verifica-
tion on August 12, 1976. An additional point to this tentative descrip-
tion was brought out by Mr. Novak in the material which Dr. Fraser en—
closed with his letter to the author, and dated August 25, 1976. In the
meantime, Mr. Novak also sent, to the author, a set of subroutines used
in estimation’of total .ozone,. and a copy of his preliminary documentation

of these subrpuﬁines.

Some basic information required in following the total-ozone esti-
mation procedure described in §2.4, is given ?n'§2.2 and §2.3. Descrip-
tion of the procedure given in §2.4 is primarily for the purpose of
bringing out details of the procedure as used in the interpretation of
the simalated, BUV data. However, this description is kept general
enough for use in modification to the original total-ozone estimation
procedure (one being used at NASA/GSFC by Mr. Novak and others), énd
also for use in analysis of the simulated observations for the SBUV/TOMS

configuration.

Because of a rather limited scope of this simulation experiment and

controlability of several factors, some minor differences occur between



" the original total-ozone estimation procedure (used at NASA/GSFC), and
the one used for the first analysis of the simulated, BUV observations.

These differences are brought ocut in §2.5 for the sake of completeness,

2.2 Basic Tables: The backbone of the total-ozone estimation procedure

is several sets of tables of computed quantities IC(A, Q, Pg, R, =0.0,

A
8g)» Tc(l, Q, Pg, 8g), and §c(l,§h Py) obtained with the help of computer
programs described in the Technical Report I having the same title as
this one. Each table in these sets is for a pseudo-spherical atmospheric
model with a surface pressure of Py mb, and a total-ozone amount of Q
atm-cm. These models resting on a_perfectly absorﬂing surface (RA==O'0)’
are frge of any_aerésols, water droplets, ice crystals, or horizontal
nonhomogeneities. The remaining twg parameters, viz A and 63 represent
the wavelength &in pym, 1 pm=10"% cm), and the local solar zenith angle
(in degrees) for the incident radiation under investigétion. For all

wavelengths, these quantities are computed after assuming that a w cos 8y

units of solar energy is incident normal to a unit horizontal area loca-

ted at the top of the model, in each spectral band.

The quantity lc(A,SL Py, R, = 0.0, 8p) is the intensity of the

A
scattered radiation emerging at the top of the atmospheric model along
the local nadir direction when all four parameters in the parentheses
are specified. The quantity TC(A, Q, Pg, 8g) represents the total
(direct + diffuse) transmission along the local nadir direction (in the

same model) when the atmospheric model is illuminated isotropically,

from below, by a Lambertian reflection of all direct solar emergy and



Eﬁémaiffusé'skylight energj_(ﬁué'fé'illumination of the model from top
only) emerging at the bottom. The third quantity §c(k, Q, Pg) repre-

sents the diffuse flux reflectivity for an isotropic illumination of the

modél‘from bélow.

The following expression is then used for computations of IC(A, 2,

Py, RA,BU) when a given model rests on a ground obeying Lambert's law of

reflection, and having a reflectivity RA at the wavelength A:

I_(%, 2, Bg, Ry, 89) = I_(A, @, Pg, Ry =0.0, 8g)

o + am R)\
4 —
1l - R;\ SC(A’ 8, PO)

T (A, Q, Bgs 0g) . (1)

In ;11, 20 sets of tables are prepared; the first ten sets are for
Py = i,OOO'mb,-énd the remaining ones are for -Pg = 406 mb. The total
ozone amount for an atmospheric model with Py = 1,000 mb is given by
one of the foliowing values of the parameter §: & = 0.200, 0.250,
0.300, 0.350, 0.400, 0.450, 0.500; 0.550, 0.600, and 0.650 a;m—cm. (The
vertical distribution of ozone for each of these amounts is for a mid-
latitude atmosphere. The actual distribution used is based on informa-

tion provided by Dr. C. L. Mateer.)

The atmospheric medels for Py = 400 m@ are obtained after termin-
ating the corresponding 1,000 mb models at a level which is 7 km above
the mean sea—level. Thus, if the 1,000 mb has a total ozone amount of
0.200 atm-cm, the corresponding 400‘mb model has an actual total ozone

amount of 0.189 atm-cm. TFor clarity, we will denote the actual total



‘ozone amount in a model by.the-gfmbol 5,'éﬁd the total ozone amount in
the model when its lower boundary is extended to the mean sea-level, by
the symbol Qin‘ Thus, for the above-mentioned caée, Q= Qin = (.200
a%m—hm for(the ég‘= 1,000 mb model; but ‘R = 0.189 atm-cm, and Qin =
0.200 atm~cm for the Py = 400 mb model. Values of € and 2, for
the remaining models are given in §3.1. TFor convenience, all ten sets

of tables for a given value of Py are arranged in the increasing order

of the parameter Q.

In order to confirm with the original, BUV total-ozone estimation
procedure, we have use§ the vglue of Qin in the place of that of @
during the analysis of simulatgd observations., This ingenious step per-
mits an estimation of total ozone in the entire (right down to the mean
sea-level) atﬁogpheric column underneath the satellite even when an op—
tically thick cloud layer is located between the satellite and the

. ground. Presénce of such a cloud layer is not expected to affect the

amount of ozone within, or under, the cloud layer.

A given set of tables contains values of Ic’ Tc’ and §c at si%
wavelengths (viz, 0.3125, 0.3175, 0.3312, 0.3398, 0.3600, and 0.3806 ym) ,
and those of Ic and Tc at ten values of 0y (viz, 0°, 45°, .60°, 70°,
75.6°, 79.6°, 82.5°, 84.7°, 86.7°, and 90°). The 0.3600 um table‘is for
use in the analysis of the simulated measurements for the SBUV/TOMS con~

figuration.

If the conditions for which these basic tables are prepared are

- satisfied within acceptable limits, and if wvalues of the parameters' Py,



89, and R, “are available when éhg‘iﬁtensity—méa;ﬁfemenzs_[i;(i:goy]l
along a local nadir direction are taken, a value of & for the atmo-
spheric column underneath the satellite at the timé of observation may
bevestimated by making use of secondary table; of IciA;ShiPO,RA,BO)
vs. Pg, vs. & (or Qin)’ and vs. 0. Some interpolation between tabu-
lated values of various variables will be necessary for this purpose.
Ougwof fhe several values.of Q _éé.ogféiﬁed—kone corresponding-to,each
wavelength of measurement), one with the highest sensitivity of Ic to
changes in Q, in the range of immediate interest, may be selected as
the best ozone estimate. [Only two parameters are listed for the mea-
sure@ intensity, Im(k, 8g). This is because the third parameter Q is
to be détermined. Furthermoré, ag it will be discussad later, values of

the remaining two parameters (viz, Py and Rk) are ‘also unknown within

any meaningful accuracy for either the BUV, or SBUV/TOMS configuration.]

Before closing this subsectioh, we would like to add that the above-

mentioned basic tables can also be used to obtain a value of Rl after

rewriting Eq. (1) as follows:

£QA, Q, P, Ry

R, = —
A TC(A’ s Po, 90)"1'8(:(}\, 2, Pg) f(l, Q, Po, RA= 0.0, eo) 3

= 0.0’ 90)

(2)

where

f(l, ﬂ, Po, R =0.0, Ho> = Im(}\, 90) - Ic()\, Q, Po, R.;\=0.0, 90) .

(3

A

The @ dependence of the terms on the righthand side of Eq. (2) vanishes

" when the wavelength for which the measurement is available, is located



" outside the bands of absorption by ozbneﬂ(e.g.,"D.BSOO‘pm)..‘

2.3 The Quantity N: It is a well-knowvm fact that the atmospheric con-~
difions for which the basic tables (§i.2) are prepared, are farely satis-
fied in practice. Furthermore, values of Im(l, 89) may have some biased
error due to cidlibration problems and/or deterioration. It is therefore
customary to use the ratio of the intensity at two wavelengths with
significantly different amounts of absorption by ozone, but located
sufficiently close enough to minimize the effects of other uncertainties.
A more convenient quantity used in the ozone estimation field is given

by the following equation:

Nc(ki{ )\j; Rli, R?Lj; Qins o> 8g) = 100
Ic(}.\i’ Rins Pos R)Li’ BO)
% logip IC(A

2

(4)

j, Qin’ PU’ Rkj, 90)

and

Im(Ai’ 8g) ]
Nm(li’ ?\j; 8o} = 100 x logiyg W . (5)

For a given set of the remaining parameters, the gquantity Nc generally
increases with increase in Qin (see 81V). Therefore, a wvalue of &

can be estimated from a measured value of Nm(ki,lj,eg) and appropriate
sets of tables of NC vs. Py, vs. 8g, and vs. Qin {(some interpolation
would be required) provided information about the parameters Rli’ Rhi’

Pp, and 8y 1is available at the time and the place of observation. For

10



"~ tHe BUV (or SBUV/TOMS) configuration, the criterion for selecting the
Waﬁelenth pair mentioned at the beginning of this subsection is satis-
fied by two pairs, viz, 0.3312-0.3125 um, and 0.3398 - 0.3175 um. The
N; values for the third pair, viz, 0.3398 ~0.3312 um, are gemerally too

insensitive to changes in Qin'

Another quantity of interest to us is the slope of the Nc vs, Qin

curve in the region surrounding the point where an £ wvalue is esti-
mated. It will be given by

z Nc(gk+1) - Nc(gk)

= , (6)
X,V Qk+1 _-Qk

S

O = Oy = Ypr

In Eq. (6), we have omitted the parameters Aj, Aj, Rli’ le, Py and 0y
for the quantity ’Nc in the numerator, for brevity. The quantities Qk
and 9k+1

available.

are two successive values of Qin for which basic tables are

The subscript x (te £ or 8) stands for the wavelength pair used;
x = 1 for the first pair, viz, 0.3312-0,3125 um; and x = 2 <£for the
second pair, viz, 0.3398-0.3175 um. The subscript y stands for fhe
value of Py identifying the set of basic tables. The superscript 2

identifies the nature of Rli’ le information {(see §2.4).

11



2.6 Basic Procedurs: For estimation of total ozome in a simulated BUV
configuration, simultanecus measurements of the intensity of back-
scattered radiation along the local nadir directién are available at
fi%ehﬁévelengthsg i.e., ﬁe have valueé‘of Im(k, 60) for- A= 0.3£25,
0.3175, 0.3312, 0.3398, and 0.3800 uym. Value of & for the place, and
the time of observation is élsc known. We then proceed as follows to
obtain values of the best ozone estima%e.(ﬂe), a#d the effective albedo
®). '

Step I: Use the measured vélue of Im(0.3800,60) for evaluation
of the righthand side pf Eg. (2) by making use of the 1,000 mb tables
for the appropriate 8j. (We_do not have information on Py; the 1,000
mb table is usgd arbitrarily:)' Furthermore, there may be other unknown
factors, e.g., ébsorption and/or backjscattering by aerosols, or the
Lambert's law may not be valid. We ﬁave therefore not computed RO.3800
in this step. The computed quantity will therefore be referred to as‘

the coarse effective albedo, and it will be represented by the symbol

RC
0.3800,1000°

Step II: Assume that the coarse effective albedo so measured is

independent of A. Therefore,

C RC

Ry,1000 = ®0.3800,1000 (7

for A = 0.3125, 0.3175, 0.3312, and 0.3398 pm.

Step III: Use values of the quantity Rg 1000 in the place of re-
E -

- flectivities Ry and le in Bg. (4)}. Then obtain values of the quan-

12



C - - C rm i m ar a2 s .— PR - am . .=
ﬂx,1000 and Sx,lOOO for x= 1, and 2 by making use of the

Pg = 1,000 mb tables, information content of §2.3, and values of Nm(li,

a t‘i-i—:zi.'e_s -

Aj’ 8p) obtained from appropriate values of Im(k;eo).

c

. . . C .
Note: (1) The quantity QX’1000 is set to 0.0, and Sx,lOOO is set to

- 100.0 when the quantity Nm is found to be greater than

all Nc values available for the given combination of wvari-

ous parameters.

(2) As mentioned earlier, the quantity Nc generally increases

v ieee- .. with Qin' Thus, if the Nm value under scrutiny is less

C
than Nc f?r Qin-— 0.200 atm-cm, values of Qx,IOOO and

SC are obtained by carrying out a backward extrapola-
x,1000 -

tion with values of Nc at Qin = 0.200 and 0.250 atm—cm.
C
x, 1000

V with the help of the following criterion: Set =x to 2. Reset x to 1l

C . §C :
1,1000 ~ °2,1000°

c _ &G _ . . . .
1,1000 = 92,1000 = 0.0 (i.e., it was not possible to estimate

total ozone for either of the pairs in Step III), initialize the follow-

Step IV: Select one of the two values for a use in Step

if, and only if, S

If Q

ing quantities as shown for clarification, and omit Steps V and VI.

I _ I - — . L = c
= 0.0, S = ~100.0, for =1, 2; and RA,IODO RA,IOOO

for the first four wavelengths.

c
x, 1000

. . 1 )
a value of the improved effective albedo, RO.3398,1000 as follows:

Step V: Use the value of @ gselected in Step IV to compute

Determine two successive wvalues of Qin for which the basic tables are

13



G = P

available so that Qk < Qx,lOOO < Qk+1' Obtain two values of
I

R0.3398,1000 (one with Qk and the other with Qk+1)’ by making use of

Im (0.3398, 85}, 1,000 mb tables for the appropriate Qin and 83, and

- . ) T - - . . -
Eg. (2). These two values of R0.3398,1000 are then used to obtain a
C

final value of this quantity at Qx 1000 after a linear interpolation
>

between Qk and 9k+1'

I I .
RA,lOOO = RO.3398,1000 for A = 0.3125, 0.3175, and

0.3312 um. (Improved effective albedo is also assumed to be independent

Then, set

of wavelength.)

; I
Step VI: Repeat Step III after using RA,IOOO

Rg . We will then have values of the quantities
,1000° - .

in the place of

I

and S 1000

I
o, 1000

for x=1, gnd'Z. ) e e e e

Step VII: Repeat Steps I thréugh VI above by using the 400 mb tab-

les instead of the 1,000 mb tables. We will then have wvalues of Rg 400
>

for all five values of A, those of Ri 400 for the first four values
2
C C L I
of XA, and of 9x,400’ Sx,400’ Qx,éOO as wall as Sx,éOO for x=1,

and 2.

Step VIII: Determine the effective albedo (R) as follows:

Ay

= I I
R=0.3 [Rk,1000+R)\,400 ’ (8
using any value of the parameter A as R; is assumed to be indepen-

dent of wavelength.

14



“Step IX: This final step is for obtaining a value for the quantity

Qe’ the best ozone estimate, from the computed values of Qi y for
]
x =1, and 2, and for y = 1,000 and 400 mb. The following paths are

takeﬁldepending upon the availability of two, or all of Qi v values
3

{a zero value of Qi - implies that that particular Qi is unavail-
3 3
éble):
(i) All four values of Qi are available. Select the wave-

L]
length pair (a value for =x) as follows: Set x to 2. Reset

T L I

I
2,1000° 224 87 400 7

:x to 1 if, and only if, > 8

I
51,1000

| oL

‘ 82,400. Then preoceed to (v) belov?

o I I .
(ii) -Only values of 91’1000 and 91’400 are available. Set x to

-1, and proceed to (v? below.

g 1000 and Qé 400 ore available. Set x to

2, and proceed to (v) below.

(ii1i) Only values of Q

(iv) None of (i) to (iii) above. It is not possible to obtain a

value of Qe. Set it to zero, and omit Step (v) below.

_ o1 s i .
(v) Qe = Qx,lOOO for R < 0.2, (9
Q = ot for R > 0.8 (10)
e = %, 400 -85

and for 0.2 < R < 0.8, the Q, 1s given by

8 - I R-0.2 1
e 0.6 %x,1000 T T 0.6 “x,400 °

==]}

1D

15



The foregoing déscriptfoﬁ of the Brocédﬁfé‘ig-réthermmechanical.
We will now attempt to provide some rationale behind various steps of

this basic procedure. As mentioned earlier, a value of Py for the

ﬁié;e and time of obsérvéfioﬂ is not available. It has therefore been
thought appropriate to perform comﬁutations, at all times, for two pres-
sure levels, the 1,000 mb value corresponding to an average sea-level
atﬁospheric pressure, and the 400 mb value corresponding (hopefully) to
the top of high clouds encountered in the earth's atmosphere most of the

times.

Chances of encountering high reflectivities at high surface pres-
sures are very small unless there is snow on the ground, or there are
very ;ow—level,‘optically thick clouds. ?hus, a low value of R can be
associated Witﬁ‘a high value of Py, and vice versa. Hence, Fgs. (9) to
(11) represent-a heuristie but ingenious attempt to relate K to Py.

(In the original BUV, total-ozone estimation pr;cedure, it is recognized
that higher values of R can frequently occur for higher values of Py,
especially at high latitudes in the winter months. For such cases, an

additional special step is set up in that program.)

An assumption is made that the computed effective albedo is inde-—
pendent of wavelength. However, we are not certain of this assumﬁtion
under all possible conditions. It is therefore prudent to measure
effective albedo as close to the wavelength region of interest (0.3125-
0.3398 pm) as possible. However, we have no information on ozone-amount

and hence the wavelength for measuring effective albedo has to be

16



“mipEaEed outside fhe‘ozbhé'absorptioﬁ band, i.e., beyond 0.3650 ym., The
nearest measurement for an effective albedo measurement is at 0.3800 pm
which cannot be considered very close to the wavelength region of intex-
est. Therefore, it is advisable to call the 0.3800 pm éffbctive albedo
measurement as the coarse effective albedo, use it to obtain a first

guess of the total ozone value (Qg

), and use this Qc to compute
'S4 XY

(hopefully) a better effective albedo value closest to the spectral re-
gion of interest. This new effective albedo value called the Zmproved

effective albedo RI be better calculated for the region of the least

Ay
absorption by ozone to minimize errors due to uncertainties in the value
of Qi v Hence, the -choice of the 0.3398 ym measurement for this
2
purpose.

A computef-program for estimating total ozone using the simulated

BUV measurements and steps outlined above, is described in Appendix A.

2.5 Differvences from the Original Procedure: Some minor differences
occurring between the original total-ozone estimation procedure (see

§2,.1), and the one used for estimating total ozone from the simulated

BUV data (see §2.4), are described below for the sake of completeness.

The basic tables described in §2.2 are prepared in the original
version of the procedure for an atmosphere with 1,013 mb surface pres-
sure, and for the same atmosphere chopped off at a level where the pres-
sure is four—tenths of 1,013 mb. These two sets are then respectively
referred te as 1.0 atmosphere table, and 0.4 atmosphere table, This

. difference is’ of no significant importance in our analysis.
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Because of éﬁaﬂgés in the amounts and ﬁrofiie characteristics of
ozone encountered from the equator to pole, the original frocedure calls
for three subsets of tables for each Py value. The subset used depends
upoﬁ‘thé geograﬁhic lécakion of fhe area under observatiog; i.é;,-low
latitude, midlatitude, or high latitude. Two additional subsets are
also provided for use under special circumstances. A migration is gen-
egéil§ permitted from 6ne subset to another whenever the ﬂin—fange Sf
the subset selected at the first time, is found to be insufficient. The
subset to which a migration is made depends upon several factors such as
tﬁé nat?re of the Original‘subset, the Qin—direction along which more'
tables are required, and the éxact-location of the site of observation.

If a value of Qg and/or Qi y cannot be determined after one such
. . -]

migration from one subset to another (& special caseKcan arise where
even one migration cannot be permitted), the corresponding Qi,y is -
labeled as undeterminable. We have not incorporated this sophisticated
maneuver in our procedure as our interest is primarily regtricted to the
analysis of problems arising from several ingenious but heuristic paths
taken to hopefully miniﬁize the effects due to unavailability of values
of the basic parameters Py and RA’ and those due to the breaking dowm

of various assumptions (e.g., RA independent of X3 models free of aero-

sols and water droplets; horizontal homogeneity; and Lambert law of

reflection) in real life.

The original procedure provides a subprocedure for an interpolation

of tables between two successive values of € for which the basic
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“tables are available. This is because real observations can exist for
any arbitrary value of 6. Our simulated observations are only made

for those values of 6, for which the basic tables are available.

The specific BUV configuration results in measurements of Im(l,eg)
at » = 0.3125, 0.3175, 0.3312, and 0.3398 um, not simultaneocusly, but at

a time interval of about 2 sec. In order to correct for changes in the

effective albedo due to the tramslation of the satellite, Im(0.3800,60)
is measured four times, one coinciding with measurement of each of the

four wavelengths in the region of ozone absorption. This additional

complication results in different values of Rg v and Ri - at different
? 3

wavelengths. The effective albedo- R given by Eq. (8) is then redefined

XNy values for the pair selected in Step IX.
b

It should be pointed out that this use of different coarse or improved

to include weighting for R

effective albedoes at different wavelengths is im no way connected with

a real possible dependence of Rl on A.

In the original procedure, a quadratic interpolation procedure is

. I .
used for computation of RO.3398,y in Step V.

Finally, the basic tables in the original procedure are prepared
after taking into account polarization of the scattered radiation when
a given atmospheric model is illuminated by Fgl ﬁnits of solar énergy
passing normally, in unit time, through a unit area located at the top
of the atmosphere. Thus, as the incident energy is wavelength depen-
dent, the term inside the large parentheses in Eq. (&) o£ (5) has to bé

multiplied by the term FOA-/F0A~' The atmospheric models in the orig-
j i
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"inal procedure extend to a height of 80 km, while those used by us ex-
tend to a height of 70 km, only. There is also some difference in the

manner in which the bagic models are subdivided into layers.

IIT. INFUT DATA

3.1  Atmospheric Models: The atmospheric models with a surface pres-
sure (Pg) of 1,000 mb are divided into 32 layers, and those with Py =
400 mb are divided into 25 layers. Values of the geometric thickness in
lan, pressure thickness in mb, and ozone amounts in atm—cm for each of
the 32 1aye£s of the 1,000 mb models are given in Tables I and II. Only
the ozone amount of a layer changes from one model to the other. Ozone
amounts in different layers of the first four models (viz, models with

a total czone amount Qin given by Qin = 0.200, 0.250, 0.300, and
0.350 atm-cm) are given ip Table I. Table II contains galues of AQ

for each of the 32 layers for models with Q. = 0.400, 0.450,%0.500,

0.550, 0.600, and 0.650 atm—cm.

Total ozone amounts mentioned in the preceding paragraph are for
the 1,000 mb models. As mentioned earlier (§2.2), the 400 mb models are
obtained after deleting the bottom—most seven layers of the 1,000 mb
models. Thus, @ = Qin _for the models with Py = 1,000 mb, but £ < Qin.
for the models with Py < 1,000 wmb. Table III contains information
about Py, 2, and Qin for 22 different models for which computations

are performed.
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" Table I. Values of the geaﬁgtfiznihiékness i;-km;-gressuré thickpess in '
mb, and ozonme amount in atm—cm for various layers of the model
No. 2, 3, 4, and 5 with 0.200, 0.250, 0.300, and 0.350 atm-cm

of total ozone, respectively. Geometric and pressure thick-

ness remain unchanged from one model to the other.

T Thicknesé ‘Amount of ozone (atm-cm) in the layer

Layer for the model

number Geometric | Pressure
(i) (wb) No. 2 No. 3 No. 4 No. 5

1 10.0 0.17 0.00002 | 0.00002 ;| 0.00002 { 0.00002
2 10.0 0.74 0.00016 | 0.00016 | 0.00016 | 0.00016
3 5.0 0.80 0.00290 | 0.00290 | 0.00290 | 0.00290
4 5.0 1.53 0.00722 | 0.00722 | 0.00725 | 0.00732
5 5.0 3.16 0.01735 | 0.01750 | 0.01769 | 0.01768
6 5.0 6.55 0.63630 0.03340 | 0.03792 | 0.03925
7 5.0 13.75 0.05376 | 0.06650 | 0.06900 | 0.07050
] 8 1.0 4,30 0.01100 | 0.01500 | 0.01750 | 0.01850
g 1.0 5.10 0.01040 | 0.01460 | 0.01830 | 0.01%40
10 1.0 6.00 0.00975 | 0.01360 | 0.01710 | 0.01990
11 1.0 7.20 0.00890 | 0.01220 | 0.01590 | 0.01940
12 1.0 8.30 0.00800 | 0.01120 | 0.01472 | 0.01820
13 1.0 9.60 0.00690 | 0.00920 | 0.01330 | 0.01650
14 1.0 11.20 0.00510 | 0.00710 | 0.01120 | 0.01390
15 1.0 12.60 0.00360 | 0.00510 | 0.00845 | 0.01l80
16 1.0 14,50 0.00195 | 0.00400 | 0.00640 | 0.00920

.« «T0 be continued
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, eont'd.,

Thickness Amount of ozone (atm-cm) in the layer
Layer for the model
. number Geometric Pressure
(km) (mb) No. 2 No. 3 No. 4 No. 5
17 1.0 17.50 0.00105 0.00240 0.00471 0.00802
18 1.0 21.50 0.00090 0.00120 (. 00380 0.00720
19 1.0 24.50 0.00070 7 0.00100 0.00340 0.00640
20 ] 1.0 97.50 0.00050 | 0.00080 | 0.00260 | 6.00590
21 1.0 31.50 0.00040 | 0.00070 0.00210 | 0.00510°
22 1.0 35.50 0.00031 | 0.00065 | 0.00195 | 0.00440
T 23 1.0~ 40,50 0.00035 | 0.00065 0.00186 0.00340
. 24 1.0 45.00 0.G0056 0.00080 0.00180 0.00250
25 , 1.0 51.00 0.00075 0.00125 | 0,00181 0.00200
26 . 1.0 61.00 0.00105 0.00150 0.00194 | 0.00220
27 1.0 ’ 69.00 0.00125 0.00190 0.00225 0.00260
28 1.0 75.00 0.00167 0.00230 0.002438 0.00300
29 1.0 87.00 0.00180 0.00245 0.00289 0.00310
30 ) 1.0 97.00 0.00190 0.00265 0.00294 $.00320
31 1.0 100.00 0.00180 0.00265-| 0.00286 0.00320
32 1.0 111.00 0.00170 0.0024b 0.00280 .00315
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Table II.

Values of the ozone amount in atm—em for wvarious layers of

the model no. 6, 7, 8, 9, 10, and 11 with Q = 0.400, 0.450,

0.500, 0.550, 0.600, and 0.650 atm-em of total ozone, respec—

tively.
Layer Amount of ozone (atm-cm) in the layer for the model
e No. 7 No. 8 No. 9 | No. 10 | No. Il
1 0.00002 0.00002 0.00002 0.00002 | 0.00002 0.00002
2 0.00016 0.00016 0.00016 (.00016 0.00016 0.00016
3 0.00290 0.00290 G.00290 0.00290 0.002%0 0.00290
4 0.00732 0.00742 | 0.00742 0.00742 0.00742 0.00742
5 0.0i810 0.01780 0,0IiQO 0.01790 0.01790 0.01790
6 0.03905 0.03950 (.03950 0.03950 | 0.03950 | 0.03950
7 0.07290 0.07380 | 0.07390 ‘-0.07390 0.07390 |.0.07390
8 0.01980 0.01990 0. 02000 0.02000 0.02000 0.02000
9 0.02170 0.02220 0.02280 0.02340 0.02400 0.02460
10 0.02340 0.02440 | 0.02570 0.02700 | 0.02830 0.02960
i1 0.02120 0.02380 0.02700 0.03020 0.03340 0.03660
12 0.02020 0.02290 0.02500 0.02710 0.02920 | 0.03130
13 0.01860 0.02110 6.02400 0.02690 0.02980 0.03270
14 0.01720 0.01880 0.02200 | 0:62520 0.02840 0.03160
15 0.01440 0.01700 0.01900 0.02100 0.02300 | 0.02500
16 0.01220 0.01550 0.01800 0.02050 0.02300 0.02550
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" Trable 13, Gonetd

Layer Amount of ozome (atm—cm) in the layer for the model
number | o 6 No. 7 Yo. 8 No. 9 No. 10 | No. 11
17° | 0.01150 | 0.01490 | 0.01800 | 0.02110 | 0.02420 | 0.02730
18 | 0.01110 | 0.01480 | 0.01900 | 0.02320 | 0.02740 | 0.03160.
19 | 0.01070 | 0.01500 | 0.02000 | 0.02500 | 0.03000 | 0.03500
20 | 0.01030 | 0.01540 | 0.02100 | 0.02660 | 0.03220 | 0.03780
21 0.00950 | 0.01430 | 0.01900 | 0.02370 | 0.02840 |  0.03310
22 | 0.00710 | 0.01080 | 0.01400 | 0.01720 | 0.02040 | 0.02360
.23 | 0.00520 { 0.00710 | 0.00900 | 0.01090 | 0.01280 | 0.01470
24 | 0.00310 | 0.00410 | 0.00500 0.00600 | 0.00700 | 0.00800
25 | 0.00245 | 0.00320 | 0.00410 | 0.00500 | 0.00590 | 0.00680
26 | 70.00185 | 0.00300 | 0.00380 | 0.00460 |-0.00540 | 0.00620
27 0.00195 | 0.00290 | 0.00350 | 0.00410 | 0.00470 | 0.00530
28 | 0.00250 | 0.00310 | 0.00350 | 0.00390 | 0.00430 | 0.00470
29 .| 0.00310 | 0.00330 | 0.00350 | 0.00370 | 0.00390 | 0.00410
30 | 0.00360 | 0.00360 | 0.00370 | 0.003%0 | 0.00410 | 0.00430
31 0.00345 | 0.00370 | 0.00390 | 0.00410 | 0.00430 | 0.00450
32 | 0.00345 ] 0.00360 | 0.00370 | 0.00390 | 0.00410 | 0.00430
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___Table ITI. Surface pressure (P in mb), actual total ozone
amount (Q in atm-cm), and the total ozone amount
when the model is extended to the mean sea-level

] (Qin in atm-cm) for various atmospheric models.

Model number Py in mb f in atm-cm gin in atm-cm
1 1,000 0.0 0.0
2 1,000 0.200 0.200
3 1,000 0.250 0.250
4 1,000 0.300 0.300
5 1,000 0.350 0.350
) 1,000 _0.400 0.400
7 1,000 ' 0.450 0.450
8 1,000 0.500 0.500
9 1,000 0.550 0.550
10 1,000 0.600 0.600
11 1,000 0.650 0.630
12 400 0.0 0.0
i3 . 400 0.189 0.200
14 400 0.234 0.250
i5 400 0.282 0.300
16 400 0.330 0.350
i7 400 0.380 0.400
18 400 0.427 0.450
19 ; 400 0. 474 0.500
20 400 0.522 {.550
21 400 0.569 0.600
22 400 C.617 0.650
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' 3.2 Optical Data: Table IV contains information on the normal Rayleigh
scattering optical thickness of the standard atmosphere PﬁfS’R)], and
absorption coefficient of one atm-cm of ozone to the base e for all

81x wavelengths at which computations are carried out.

Pable IV. MNormal Rayleigh scattering optical thick-—
’ _——'*'__—‘"m_‘""*"‘_EEQQQ [;th’R)] of the standard atmosphere,
and absorption coefficient (a) of one
atm-cm of ozone to. the base e at six

different wavelengths for which computa-—

tiong are performed.

Wavelength (um) 'ﬁfS;R) o
0.3125 1.0200 1.6700
0.3175 . 0.9570 0.9100
0.3312 0.8000 0.1750
0.3398 0.7180 0.0482
0.3600 0.5634 0.0012
0.3800 0.4494 0.0000

IV. SOME CHARACTERLISTICS OF THE QUANTITY Nc

4.1 Variations of Nc with R In §2.3, it was mentiomed that the
quantity Nc(li=Aj;in’le3Qin’P0=eﬂ) generally increases_with an
increase in Qin’ the total ozone content of the atmospheric model when

_ other parametere appearing within the parentheses are held constant:
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" This characteristic of the 'Nc'vé.'QiA*'éﬁrvé then forms the basis for

estimation of total ozone from the measured value of this quantity,
i.e., Nm(ki, kj,eg) given by Eq. (5). We shall therefore examine this

pfbﬁéffy of the Nc vs. Qin “burﬁes, in some detail, in this subsection.

Variations of Nc as a function of the total ozone content (Qin)
in the atmospheric-model are shown in Figs. 1 and 2 for the first
(6:35151-0.3125 um), and the sééond‘(0.3398-0.3175 uﬁi pair, respective-
ly for Ppg = 1,000 mb, and Rﬁi = Rij = 0.0. Different curves are for
different values of the parameter 8g. For the first pair, the quantity
Nc increases with an increase in &, forA§;1ues of 87 up to 75.6°.
The 80-;.79.6° curve of Nc vs. ﬂin of Fig. 1 shows only a very small
increase in Nc._as Qin ‘is'iﬁcreased fppm 0.550_to 0.600 atm~cm (the
correspondiﬁg éalues of Nc are 100.33 and 100.70 units, respectively).
A further increase in Qin from 0.600 to 0.650 atm—cm results in a very
small decrease in Nc from 100.70 to 100.68 units. For still higher
values of 6g, the Nc vs. Qin curve depicts a clear maximum which shifts
from 0.500, to 0.400, to 0.350 atm—cm as 8 is increased from 82.5°,
to 84.7°, to 86.7°. The 63 = 90° curve shows a continuous decrease in -
Nc as Qin is increased from 0.200 atm-cm to 0.650 atm—-cm. For tﬁe
second pair (Fig. 2), the quantity Nc increases with an increase in
@,  at all ten 0gs. However, the curves for 6g = 86.7° and 90.05
are rather flat for high values of .Qin' As for example, Nc(90°, 0.600

atm-cm) = 77.11 units, and Nc(90°, 0.650 atm—cm) = 77.22 units. The

curves of Nc vs. Qin for the first pair are generally more sensitive
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MEQ a change in Qiﬁf for the small values of 65, than the corresponding
curves for the second pair. As for example, an increase in total ozone

from 0.200 atm—em to 0.250 atm—cm results in an increase in _Nc(0.3312,

03125, 0°) from 16.80 to 22.72 units, but an increase in N_(0.3398,

0.3175, 0°) from 4.57 to 8.10 units, only.

L ?h?_h%gﬁer sgnsitivitj“?? the_ Nc vs. Qin curves (to cﬁanges in
gin) for the first pair at small 6y values compared to that of the
Eorresponding curves for the second pair, is due to a relatively stronger
absorption by ozone for the spectral regions of the first pair compared
to that of the second pair. The loss of sensitivity of the first pair

at large 6y to changes in ozone content, is primarily due to a rise in
the height of the effective scattering layer through the ozone layer.

Further informdtion on this particular aspect can be found in a paper by

Dave and Mateer [1967].

Resﬁlts similar to those presented in Figs. 1 and 2 but for R,. =
Rﬁj = 1.0 were alsoc analyzed for both the wavelength pairs. However,
no graphical results are presented for these cases in this report. Am
increase in the surface reflectivity resulted in a very significant
change in the slopes of the Nc vs. gin curves at large 83 for the
first pair. The 6§ = 79.6°‘ N, vs. @, curve for Ry, = le = 1.9
did not show any decrease in Nc with increase in Qin' The maxima of
the Nc vs. Qin curves for 65 = 82.5°, 84.7°, and 86.7° shifted to the

right for the first pair as the reflectivity of the underlying surface

was increased from 0.0 to 1.0. The 6p = 90° curve for the first pair
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“with By, = R",L;';"o.b (Fig. 1) shows a continuous decrease in N_ with
increase in Q. , while the same curve but for Ry; =Ry = 1.0 showed
a weak maximum around Rin = 0.500 atm—-cm. Similar improvements in the
é;ﬁsitivity of N; to changes in Qin-‘at large )60, due to an increase

in reflectivity were also seen for the second pair after comparing re-

sults in Figs. 2, with those for in = Rkj = 1.0, and Py = 1,000 mb.

From the preceding dispussion on the trends of NC VS. ﬂin varia-
tions, it is clear that the first wavelength pair loses its sensitivity
cgmplgtely Fo changes in Qiu’ for high _Qin, at 0gp = 82.5° when Rﬁi =
le = 1.0, but at 8y = 79.6° when Ry = Rkj = 0.0. The arbitrary
method of determining.the coarse, or the improved effective albedo
described in_§2;4, results in a requirement of generation of the NC vs.
Qin curves.wi£§ negative valués of R;. To this effect, it should be

pointed out that for Rﬁi = Rkj = - 0.1, the quantity Nc(0'3312’ 0.3125,
Qin’ 1,000 mb, 75.6°) is equal to 92.33, 94.70, 9613§, and 97.46 units,

for Qin = 0.500, 0.550, 0.600, and 0.650 atm-cm, respectively.

Trends in variations of N_ with @,  for the Pg = 400 mb models
are, in general, very similar to those discussed in the preceding para- )
graphs for corresponding models with Py = 1,000 mb. Representative

results for the first and the second pairs are shown in Figs. 3 and 4,

respectively for Py = 400 mb, and Rﬁi = Rkj = 0.0.

In Fig. 5, we have plotted values of Nc(0'3398’ 0.3175) and
Nc(0.3398, 0.3312) as a function of ﬂin’ for Ry, = Rﬁj = 0.0, 65 =
86.7° and 90°, and Py = 1,000 and 400 mb. The results for the new pair

31



100 — l ] T | - 1 |
Ground reflectivity = 0.0, surface pressure = 400 mb
" B /86.7 84.7 .
s
80
<60 [~ ;
E |
o L
g |
=
S, l > '
-y i
[}
. - 1
: |
20 —- !
" e N A;=0.3312 pm :
; A= 0.3125 um
! B 4
ol [ ! I ] | 1 I
0.200 0.300 0.400 0.500 0.600

Ozone amount (atm-cm)

Fig. 3 Variations of the computed quantity N, [see Eq. (4)]
as a function of the total ozone amount (Qin) in the

”atmospheric model. Different curves are for different

values of the parameter 6p, solar zenith angle.

A
i

.Pg

0.3312 um, )Lj = 0.3125 ym, R)\i = R)Lj = (0.0, and

400 mb.

32



st R
R .

100 X log, o (IM}IM)

100 — t | 1 I I I —
Ground reflectivity = 0.0
B Surface pressure = 400 mb 7]
80— -
i
I
60— i
§
a0} !
.
— ]
g ©
. A;=0.3398 um
- A=03175pum .
0 1 | 1 1 1 l
0.200 0.300 0.400 0.500 0.600 .

Ozone amount (atm-cm)

Variatioms. of the. compu;:ed quantity Nc [s;ae Eq. ‘(4)]
as a function of the total ozone amount (Qin) in th'e

. atmospheric model. Different curves are for different’
values of thé parameter 8p, sclar zenith angle.
A

Py

i

0.3398 um, Aj = 0.3175 um, Rhi = le = 0.0, and

it

400 mb.

33



26 |

)
N
N
|

100 X log, ; (I 3305 /15,3312
—h
©
|

Curve Pressure (mb) 8 (deg)

1t 1 1 1 1 ]

1 1,000 86.7 {ag
2 1,000 80.0

3 400 86.7

4 400 90,0 & i

5 1,000 86.7 ) S

6 1,000 20.0 o ..
7 400 86.7 - —1 a2
8 400 .

—0.3398—-0.3175 um

|

]

m -
100 X log, g (I 3398/ 15.2176!

14 — -1 74

—-—10.3398-0.3312 pm

Ground reflectivity = 0.0

! 4

L | 1 1 [ 1 | ! [ !

0.200 0.300 0.400 0.500 0.600
Qzone amount (atm-cm) _
Variations of the computed quantity N_ [see Eq, (4)]

“Fig. 5
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. curves for 6y = 86.7° and 90° are shown.

mb as well as 400 mb.
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(viz, third pair; 0.3398-0.331Z um) are shown by broken curves, while
those for the second pair (viz, 0.3398~ 0.3175 um) are shown by solid
curves. A comparison of the curve number m with the curve number
m+ & éﬁggests‘a small but significant increase in the slope of the
e~ Qin curve as we transpose from the second, to the third padir.
Thus, in principle, there is a small advantage in use of the third pair
Whgn Qin and 8y assume large %alues. ~However, there are éeverai
additional factors such as the rapid changes in brightness within the
field of view and the reliability of the 6y wvalue at the place and

time of observation, which may control the desire of estimating total

ozone in such extreme cases.

Values of Nc(0.3398, 0.3175, 84.7°) are plotted in Fig. 6 as a func-
tion of the total ozone (Qin in atm—cm) for Pp=1,000mb (solid curves),
and P0=;400u$ (broken curves). There are three sets of curves, one set

for each of the following values of the ground reflectivity (Rki==RAj:=R):

0.0,.0.5, and 1.0. This diagram is provided primarily for realizing )
the spread between S}i v for a given measurement, Nm. As for example,
Ed

for Ry, =Ry, = 0.0, a valué of N of 60 units yields- Q
A A3 m
Z

Z =
2,1000

0.238 atm-cm, and @ = 0,272 atm-cm. On the other hand, for Ry, =

2,400
le = 0.5, we have 522,1000 = 0.212 atm-cm, and 92,400 = 0.220 atm-cm.

If we enter this diagram with Nm = 80 units and Rli = RAj = 0.0, we
. . . Z Z

will come out with a value of 0.423 atm-cm for 92’1000, but 92’400

will be undeterminable. It may be necessary to construct more diagrams

Jike this one for a better understanding of the results obtained with

the total-ozone estimation procedure described in §II.
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-F]t'g_' 6 Var:'iations of the cc-)mguted quantity Nc [see . Eq. (4)]
as a function of the total ozone amount (Qin) in the
atmos;:heric modgl for a solar zenith angle of 84.7°,
Ai = (,.3398 um, and Aj = 0.3175 pm. '_]The solid
(broken) curves are for the models with 1,000 mb
(400 mb) surface pressure. Values of R}\i = R;\j =R

are as shown in the diagram.
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4.2 Values of N, as Obtained with Different Procedures: In 52.5, we
pointed out several differences between computaticnal procedures used

for evaluation of the quantity Nc(li’kj5Rki’RKj5 Py, 8g) for the

Qin’
;;iginél NASA/GSFC total;ézone estimation procedure for the analysis of
the actual BUV data, and for that used by us in thé analysis of the sim-
ulated observations. It was therefore considered desirable to compare

values of this quantity as obtained from these two procedures.

Values of NC (s )Lj; R?«j_’ le; Q4ins Po» 8g) for the following param—

eters were computed using the NASA/GSFC procedure by Dr. Ashok Kaveeshwar

_associated with the BUV ozone-estimation project, and using the procedure

for the analysis of the simulated BUV data {(as described in this report)
by the author: 0.3312-—0.3125, 0.3398 ~ 0.3175, and 0.3398 - 0.3312 pym

wavelength pairs; Rli = Rﬁj =R given by R =-0.1(0.1)1.0; ten values

of ©3 listed earlier; Py = 1,000 mb and 400 mb for the author's calcu-

lations, i.e., 1.0 and 0.4 atmospheres for the NASA/GSFC work (see the
second paragraph of §2.5); and Qin = 0.200 (0.050) 0.450 atm~cm. These

sets of tables of Nc were then-exchanged for independent intercompari-

S01S.

The results of these inéependent intercomparisons showed that wvalues
of the quantity Nc as obtained from these two independent procedures
described zbove, agree within * 0.5 units on the average for cases with
the solar zenith angle (8;) not exceeding afout 70°. TFor still larger
valués of 8y, this difference increases to about *2 units. Consider-

ing several differences between two procedures, it was decided by us
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(Drs. Mateer, Noﬁak, andaﬁéﬁééshﬁéf, as well as the ;ufﬁbé)'ﬁhét the
agreement between these two sets of Nc is very good, indeed. TFurther-
more, it should be added that values of It’ Tc, etc., for the analysis
afuéhé“siﬁﬁiated obsefvations—are"t; be computedhﬁsing thénsamé éroce—
dure. Thus, the aforementioned procedure dependence of Nc cannot be
expected to have any effect on the results of investigations carried

out under this contract.

The above-mentioned procedure dependence of Nc can be due to one,

or both, of the following causes:

- (1) Difference in vertical profiles of ozone as used by two procedures.
The author has based oczone profiles for his work on the data used
in the MASA/GSFC work. (These data were supplied to the author,
in the numerical form, by Dr. C. L. Mateer.) However, because of
the manner in which an atmospheric model is divided into layers by
two procedures, it is possible that some minor differences have
“popped in. -

(2) Neglect of polarization of the atmospheric radiatiom: Values IC
for-Nc for the NASA/GSFC procedure were obtained after taking into
account polarization of the scattered radiation. However, as men-
tioﬁed éarlier, this aspect of atmospheric scattering was neglected
in the investigation of the analysis qf the simulated data. Dr. R.
S. Fraser has shown that a significant portiom of the above-
mentioned difference is due_to the neglect of polarization of the

scattered radiation.
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TV, 7T SIMULATION FOR THE BUV CONFIGURATION

5.1 Results for the R-Independent-of-\ Cases: Values of the effec—
tive albedo [R given by Eq. (8)] and the best ozo;ie estimate [a_, given
by Eq. (9), or (10), or (11)] were evaluated for the atmospheric models
no. 2 to 11, and 13 to 22 {see Table III) éor ten different values of
the solar zenith angle (8¢ = 0°, 45°, 60°, 70°, 75.6°, 79.6°, 82.5°,
84.7°, 86.7°, and 90°), and for eight different values of the reflectiv-
ity (R = 0.0, 0.1, 0.2,-0.3, 0.4, 0.6, 0.8, and 1.0) of the Lambert sur-
face underlying the model. Results presented in this section (85.1) as
~well as in the next section (§5.2) are for the cases where the quan?ity

R is assumed to remain constant with changes in the wavelength (A).

Four' sets of programs were written for this purpose. They are re-
ferred to as SITCl, SITC2, SITC3, and SITC4, or—for brevity—as Cl, C2,
C3, and C4. (It may be noted that programs SITAA and SITBB described in
the first techpical report are for computing values of Ic’ Tc’ ete.,

for a given model.)

The program SITCl faithfully follows the steps described in §2.4.
As mentioned earlier, this basic procedure of §2.4 is expected to be
identical to the one being used at NASA/GSFC for the estimation of total
ozone frém the BUV data. Some minor differences betweén the original
NASA/GSFC pFocedure and the one used by us_for the analysis of the sim-

ulated observations, are listed in §2.5.
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The program SITC2 is a copy of the SITCL proé;am-ﬁddified to set

C C .I I
1,400° 91,1000 ©OFf Step IIL, and @ .o, and 8] 444, of Step VI, to

zero whenever 8g exceeds 79.6°. This is to avoid the possibility of

Q

s ; Z e ) ’ . .
obtaining erroneocus values of Qx y? arising from peculiar properties
?

of Nc vs. § curves discussed in §4.1. 1In an oral presentation of the
results discussed in this §V to Dr. Mateer oﬁ September 20, 1976, we
found tﬁat éhe original NASA/QSFC procedure conéains an additional stef
which can be interpreted to carry out the same function (i.e., of setting

Z

2; 5 to zero when 6y is large) in an indirect manner. We therefore
L]

feel that, based on this additional informatiom, the SITC2Z program more
-closely resembles the original NASA/GSFC procedure than the SITCl pro-

gram.

The SITC3 program is a copy of the SITC2Z program modified to set

QI to zero whenever QI - QC i > 0,030 atm~cm. This criterion is
¥ XY X,y
based on the following argument: As mentioned in §2.4, Qg is
N 3
obtained by making use of the coarse effective albedo Rg 3800,y and
. >

Qi v is obtained by makiug use of the Zmproved effbctivé'albedo
, .

L ' ; SN I S
R0.3398,y' A large absolute difference between Qx,y and Qx,y implies

either a large difference between two computed values of the albedos,
or alternately, a strong sensitivity of the Nc vs. § curve to small
changes in R. In either case, there is sufficient ground to discard

the corresponding value of QI .

X, ¥
The SITC4 program is a copy of the SITC3 program modified to accept

I as 2, provided R < 0.2 [see Eq. (9)],

the appropriate value of QX,1000
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e o ...‘....-...I-,..... semer o= =

and the appropriate value of 9x,400

(L0)]. This modification is introduced to free the procedure of an un-

as @ “provided K 2 0.8 [see Eq.

necessarily strict acceptance criterion. When R'< 0.2 (R =z 0.8), a
i s P b I I . - oA a : - -- - .. - - - -
value of Qx,400 (QX,IOOO) is noF required in computations of Qe, see

Step IX of §2.4,

,,..-TPE purpose of this simulation is to compare the value of Qe with
the corresponding total ozone amount in the atmospheric model when its
lower boun@ary is extended right down to the mean sea-level, i.e., the
quantity ‘Qin,_and to compare R with the corresponding valqe of R.‘ﬁ
_Results of this latter comparison will be presented in §5.2. It is
clear that this comparison task is by no means a trivial one (4 proce-
dures x 20 models x 10 values of 8g x 8 values of R), and hence a
good degree of discretion is used in the presentation of results. For
convenience, we will refer to the quantity 1,000 x (Qe-ﬂin) as the

deviation, A. A positive (negative) value of the quantity A implies

an overestimation (underestimation) of total ozone by the procedure.

- - -

Véiﬁes oﬁ_the quantity A are tabulated in Tables V, VI, and VII
for the gtmospheric models no. 3, 6, and 9, respectively. These atmo-
spheric models aréhfor a surface pressure (Py) of 1,000 mb. Their re-
spective total ozone contents (Qin) are 0.250, 0.400, and 0.550 atm-cm.
For each case, results are presented for all ten values of 8j, but for
only four values of R, viz, 0.0, 0.2, 0.6; and 1.0, Similar results

for the atmospheric models no. 14, 17, and 20 [respective ozone amounts

(Qin) 0.250, 0.400, and 0.550 atm-cm when corrected for the ozone con-—
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Table V. Values of the deviagtion [A = 1,000 % (Qe-ﬂin)] for the atmo-

spheric model no. 3; @, = 0,250 atm~cm; Py = 1,000 mb.
—_ ) in_ 0 20 e

0p in Deviation A obtained with the procedure
deg. ct | c2 | ¢3 | ca ¢l | ¢z | ¢3 | Gc4
R = 0.0 R = 0.2
0.0 0 0 0 0 ~1 -1 -1 -1
45.0 0 0 0 0 -1 -1 -1 -1
1" 60.0 "0 0 0~ 0 -1 -1 -1 -1
70.0 0 0 0 0 0 0 0 0
75.6 0 0 0 0 0 0 0 0
79.6 0 0 0 0 0 0 0 0
82.5 0 0 0 0 0 0 0 0
84,7 0 0 0 0 0 0 0 0
86.7 0 0 0 0 0. 0 0 0
90.0 0 0 - 0 -1 -1 -1 -1
R = 0.6 R=1.0
0.0 11 i1 11 .| 11 28 28 28 28 -
45.0 .9 9 9 9 225 | 25 -f. 25 25
60.0 8 8 8 8 21 21 21 21
70.0 6 7 6 6 6 16 16 16 16
75.6 5 5 5 5 12 12 12 12
79.6 4 4 4 4 10 10 10 10
82.5 4 3 3 3 10 7 7 7
84.7 3 3 3 3 8 8
86.7 3 3 3 3 9
90.0 5 ‘5 5 5 18 18 18 18
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Table VI. Values of the deviation [4 = 1,000 x (ﬂe-Qin)] for the atmo-

spheric model no. 6; Qin = 0.400 atm-cm; Py = 1,000 mb.

8g in Deviation & obtained with the procedure
deg. ct c2 | c3 | ca g1 ) c3 ch
.. ..R.=0.0 i .. R =0.2
0.0 0 0 0 0 0 0 0 0
45.0 0 0 0 0 0 0 0 0
60.0 0 0 0 0 0 0 0 0
70.0 0 0 0 0 0 0 0 0
75.6 0 0 0 0 ~1 -1 -1 -1
79.6 0 0 0 0 "0 0
82.5 0 0 0 0 0 0
|- 84.7 0 0 o | o 0 0 0
86.7 0 0 - 0 0 0 0
90.0 - - - 0 -4 -4 - -
R = 0.6 R = 1.0
- 0.0 15 | 15 | 15 | 15 33 | 33 | 33 | 33
45.0 13 13 13. 7] 13 30 | 30 30 [ 30 7%} C
60.0 -1 11 11 11 - 26 26 | 26° 26
70.0 9 | 9 9 9 20 20 20 20
75.6 6 6 6 6 16 16 16 16
79.6 5 5 5 5 12 | 12 12 12
82.5 5 5 5 5 11 11 11 11
84.7 6 6 6 6 13 13 13 13
86.7 8 8 8 8 18 18 18 18
90.0 8 8 8 8 24 24 24 24
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Table VII. Values of the deviation [A = 1,000><(Qe-—ﬂin)] for the atmo-

spheric model no. 93 Qin = 0,550 atm-cm; Py = 1,000 mb,

60 in Deviation A obtained with the procedure
deg. ¢t | e2 | 3 | ca c1 | c2 | ¢3 | ca
DU ..R=0.0 .. _R=0.2

0.0 0 0 - 0 0 0 0 0
45.0 0 0 - 0
60.0 .0 0 - 0 1 1 1 1
70.0 0 0 - 0 -1 -1 -1 -1
75.6 0 0 - 0 0 0
79.6 0 0 - 0 0 0
82.5 0 0 - 0 0 0

" 84,7 91 0 - 10 |l 67 0 - o
86.7 | -~251 | =~ - 0 - -3 - -
90.0 -181 ~ - 0 ~183 - - -

R = 0.6 R = 1.0

- 0.0 21 21 21 21 43 43 | 43 43
45.0 19 19 19 | 19 40 40 40 40 °
60.0 16 16 16 16 "34 | 34 T} 34 34
70.0 12 | 12 | .12 12 26 26 26 26
75.6 10 10 10 10 22 22 22 22
79.6 9 9 9 9 17 17 17 17
82.5 9 9 9 9 17 17 17 17
84.7 11 11 11 11 21 21 21 21
86.7 - 13 13 13 28 28 28 28
90,0 3 3 - - 33 | 33 | 33 | 33
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" tenté of the deleted layers; see §3.1] with a surface pressure of 400

mb are presented in Tables VIII, IX, and X, respectively. Presence of
the symbol "-" (dash) in the place of- a numerical value for A implies
that it was not possible to obtain a value of Qe for that particulax

case.

From the values of A given in Table V for the atmospheric model

no. 3 with R = 0.0, we find that the total ozone amount in this parti-
cular case can generally be estimated very accurately [A = 1,000 (Qe—
Qin) = 0] for all ten positions of the sun by making use of any of the

four procedures (Cl through C4) described above. The only exception is

the subcase of 6835 = 90° with the procedure C3 where it is not possible

to estimate Q_ as QI could mot be determined. We find that
e 2,400
C _ c 3 _ I _
R0.3800,400 = 01475 9y 4o = 0-270 atm=cm, Ry 3348 4o = 0-221, and

I _ I C
92’400 = 0.231 atm-cm.  Thus, 92,400-—92’400

hence, Qz 400 is set to zero. However, the effective albedo R is <
> .

’ > 0.030 atm—cm, and

0.2 for this subcase, and hence Qé,lOOO = 0.250 atm-cm is returned as
a value of 2, by the C4 proceduré. For the atmospheric model no. 3
resting on a Lambertian surface with R = 0:2, the devi&tion A is
either 0, or -1, for all procedures and all values of &3. Hence, we
can étatg the total-ozome estimation procedure is capable of returning
very accurate (A = +2) values of 2 provided Q;, 1s sméll (0.200 -~
0.300 atwm-cm), Py is very high (very close to 1,000 mb), and R =< 0.2.
[Evidently, this last statement (and also similar generalized statements

appearing later in this report) is made after examining results in
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Table VIII. Values of the deviation [A=1,000 x (Qeﬂgin)] for the atmo-

spheric model no. 1l4; @, = 0,250 atm-cm; Py, = 400 mb,
in 0

.8g in Deviation A obtained with the procedure
deg. ct | c2 | e3 | ca ¢t | c2 | 3 | ca
b et et R = 0.0 . . .. R=0.2
0.0 77 77 - - 23 23 23 23
45.0 | 60 60 - - 21 21 21 21
60.0 43 43 - - 17 17 17 17
'70.0 26 26 | - - 11 11 11 11
75.6 16 16 16 16
79.6 33 33 10 10 3 3 3 3
82.5 24 23 | 23 23 10 10 10 10
84,7 22 21 |~ 21| 21 9 9 9 9
86.7 26 | 26 26 26 11 i1 11 11
90.0 206 | 206 ~ - 50~ | 50 - -
R = 0.6 R = 1.0
0.0 -5 | -5 -5 -5 0 0 0 0
45.0 | -4 -4 -4 | -4 0 0 0 0 -
60.0 ~3- 1 -3 -3 -3 0 0| 0 0
-70.0 -3 -3 -3 -3 .0 0 0 0
75.6 2 | -2 | -2 | -2 0 0 0 0
79.6 -2 -2 -2 -2 o | o 0 0
82.5 -1 -1 -1 -1 0 0 0 0
84.7 «1 -1 -1 -1 0 0 0 0
86.7 -1 -1 -1 -1 0 0 0 0
90.0 -1 -1 -1 -1 0 0 0 0
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Table IX. Values of the deviation [A = 1,000><(Qe-—9in)] for the atmo-

spheric model no. 17; £, = 0.400 atm-cm; Pg = 400 mb.
in 0

8q in Devigtion A obtained with the procedure
deg. cl c2 c3 Ch cl c2 c3 Ch
A - R = 0.0 S R=0.2

0.0 69 69 - - 19 19 19 19
45.0 | 51 51 - - 16 16 16 16
60.0 32 32 - - 12 12 12 12
70.0 | 13 13 - - 6 6

75.6 0 0 - - 0 0 0 0
79.6 41 41 - - 13 13 13 13
82.5 30 30 - - 10 10 10 10

847 36 36 - -~ 11 11 11 11
86.7 - 83 - - 90 23 - -
90.0 -98 - - - 153 | 153 - -
R=0.6 R= 1.0

0.0 -7 | -7 -7 -7 0 0 0 0
45.0 -6 -6 -6 - |- -6 0 0 0 0 -
60.0 | =5 | -5 | -5 | -5 0 o -|. o 0
70.0 -4 -4 -4 -4 0 0 0 0
75.6 | -37| -3 | -3 | -3 0 0 0 0
79.6 -2 -2 -2 -2 0 0 0 0
82.5 -2 -2 -2 -2 0 0 0 0
84.7 -2 -2 -2 ~2 0 0 0 0
86.7 -2 —2 2 -2 0 0 0 0
.90.0 -3 -3 -3 -3 0 0 0 0

47



Table X. Values of the deviation [A = 1,000 x (sze—szin)] for the atmo-

spheric model no. 20; @, = 0.550 atm-cm; Pg = 400 mb.
in 0

8y in Deviation A obtained with the procedure
deg. c1 2 c3 c4 ¢l c2 c3 A
. _R=0.0 R =0.2
0.0 44 44 - - 9 9 9 9
5.0 | 25 25 - - 6 6 - -
60.0 | 3 3 - - 1 1 - -
- 70.0 94 94 - - 30 30 - -
75.6 64 64 - - 17 17 - -
. 79.6 53 53 | - - 10 10 - -
82.5 83 39 - - 9 9 |- -
=" 84.7 ~208 | 82 - == 20 -~ |
86.7 -315 - - - .~280 | 93 - -
90.0 -225 | - - - -207 | - - -
R = 0.6 R = 1.0
0.0 ~10 | -10 | -10. | -10 0 0 0 0
450 ~9 -9 —9-| -9 0 0 0 0 -
0.0 |- -7 -7 | =7 | =7 |[|- 0 o-] o 0
7000 | -5 | -5 ] -5 | -5 0 0 0 0
75.6 -4 | -4 | -4 -4 0 0 0 0
79.6 -4 -4 -4 -4 {|. 0 0 0 0
82.5 -4 -4 -4 —4 0 0 0 0 -
84.7 -5 -5 |. -5 -5 0 0 0 0
86.7- - | -6 -6 -6 0 0 0 0
90.0 -2 -2 - - 0 0 0 0
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approprlate 1ntermed1até.ranges ] If we ‘moderate our definition of
very aeccurate from A = *2 to & = i4 units, the gin range can be ex-
tended to about 0.350 atm-cm, and the R range to about 0.4. TFor
;‘d.G,-all total-ozone estimation procedufes‘§ieid a éignificantly

overestimated value of Qe. The degree of overestimation is independent
of the procedure used but, it increases with an increase in R, and is
vérﬁﬁsigﬁificant indeed, at sﬁéll (éb < 45%) and largé (8¢ ~-§0°) values
of B8p. This is because the estimation procedure is forced to accept

oI ' I '

%, 400 1nste§d of Qx,lOOO

our lack of knowledge of the duantity Pg. It may be noted that for the

[see Eq. (10)] at high values of R due to

model no. 3 with 65 = 0° and R = 1.0, all estimation procedures come up
0

with Q = 0.250 atm-cm, but Q

1 1000 = 0.278 atm~cm. Thus, we see

1,400

a clear need of having some 1nformat10n about the parameter 7P; at the
time of observation for increasing the accuracy of Qe’ especially if

the sun is very close to the local zenith.

- Numerical results presented in Tables VI and VII for the atmo-

spheric‘models no. 6 and 9, resﬁéctively, support the apalysis given in

the preceding paragraph, in a general sense. For the model no. 6 with
= 90° and R = 0.0, a value of e, could be obtained with the C4
procedure. On the other hand, the restriction imposed by the C3 proce-
|

. ; pqs . I
dure results in an inability to accept an otherwise good value of Q

for the 83 = 90°, R = 0.2 subecase. For the model no. 9 (Table VII)

with 0.550 atm—cm total ozone, the Cl preocedure yields very erroneous

values for Qe when the sun is near the horizon, and the ground reflec-—
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thltY is small. A value of 91 for the R = 0. 0, 8g = 84.7° subcase

I
occurs because RO 3398, 1000 and RO 3398, 400 are evaluated to be - 0.091

and 0.248, respectively. Corresponding values of 92 1000 and 92 400

then turn out to be 0. 641 and 0.535 atmwcm, respectlvely. A large nega-
tive value for A for the R = 0.0, 85 = 86.7° subcase (and also for
the subcases R = 0.0, 8j = 90°, and R = 0.2, 83 = 90°) is due to the

presence of a max1mum in the N vs. Qin curve dlscussed in §4.1, asso-
ciated with the existence of the condition of Si 1000 being greater
= >
I
than S, 'y 000-

. al examples stressing the need of using only the second wavelength pair

in the region of immediate interest. Thus, we have sever-—

for large values of 043, As mentioned earlier, the NASA/GSFC procedure

for estimation of total ozone from the BUV measurements, does contain a

step to perform the ssme function in an indirect manner.

From the results preéented in Tables VIII to X for atmospheric
models with a surface pressure of 400 mb, we find that the deviation A

vanishes for all subcases with R = 1.0. Results for the same models

but with R = 0.8 for which no numerical data are presented in this

report, also show A to be zero for all subcases. This is because the

s . . I
estimation procedure is forced.to select values of QX 400 28 Qe for
. H]

> 0.8, and the surface pressure for these models also happens to be
400 mb. For R = 0.6, the quantity A carries a negative value which
increases with an increase in 6j, and also with a decrease in Qin'

The maximum underestimation in total ozone is by about 2%Z. TFor still

lower values of R (R = 0.2, and 0.0), we find the total ozone amount
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http:forced.to

to be overestimated by as much as 31% in some extreme cases (e.g., A =

77 units for the R = 0.0, 85 = 0° subcase for the model no. 14) by the

Cl and C2 procedures, Many of such bad cases can be discarded by impos-

ing the extr;'constragnt éﬁéediiﬁ‘arriviﬁg“at Sin3 from SI&CZ. It
should be pointed out that, once in a while, this extra constraint does
result in discarding of a good case also; as for example, a use of Cl or
Ci froéé&uré yields a‘;alﬁé‘of zéro %or 'A. Eér thé suﬁcase ‘R =‘0.6,-
8 = 75.6°_ of the model no. 17, but a use of C3 or C4 procedﬁre leads

to the inability in estimation of Qe.

Somewhat detailed discussion in the preceding paragraphs can be

sumnarized as follows:

- — -After exercising due precautions for not using the Nc vs. {8 curves
exhibiting a maximum, two problem areas have developed due to a need
for estimating total ozone in the absence-of any information about

. the surface pressure. The first problem area consists of cases
-a53pciated_with values of the parameters Py and R in the upper
parts of their respective ranges. For such cases, we find that the
estimated ozone amount (Qe) can be greater than the input ozone
amount by as much as 0.045 atm-cm. The exact degree of overestima—

tion depends upon values of the various parameters such as Py, R,

-90, and Qil‘l.

-The second problem area consists of cases associated with values
of the parameters Py and R in the lower part of their respective

ranges. For such cases, we again find that the total ozone amount
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can be overestimated by as much as 0.075 atm-cm. Some of these

cases can be discarded by setting.-QI to zero whenever QI -
XY ¥
C . ’ , . . .
Qx y 2 0.030 atm-cm for a given x,y combination (see discussion
3

"of SITC3 procedure).

5.2 Effective Albedo: The total-ozone estimation proceduré also com-
putes another quantity called the effective albedo which is denoted by
the symbol R [see Eq. (8)]1. From the procedure outlined in §2.4 for

the evaluation of R, it is clear that R is not related to the Lambert
reflectivity (R) of the su;face underneath the atmosphere, only. Because
. of the use of tables for arbitrarily chosen surface pressures of 1,000

and 400 mb, and alsoc because of the use of QC in evaluation of’
. k]
I -
R0.3398,y’ R can also depend upon the surface pressure (Pg) of the

model under investigation, and upon the solar zenith angle (6;). How-—
ever, because of our knowledge that the Lambert's law is not valid for
realistic surfaces, there seems to be a considerable temptation for

relating R to the optical characteristics of the surface only. The

following discussion is provided to assist the reader in seeing some

pseudoproperties of R which are in no way connected to the actual

optical characteristics of the surface underlying the atmospheric model.

Values of the coarse effective albedo (RS
L I
0.3398,1000 2™ g, 3308,4007 38 Well as of

C
0.3800,1000 ™ ®o,3800, 4007
tmproved effective albedo (R
the effective albedo (R) as obtained during various stages of calcula-

tions in the total-ozone estimation procedure are given in Table XI, for

two arbitrarily selected (Nos. 4 and 18) atmospheric models with R = 0.0
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 Table XI. Values of albedo obtained during various stages of

calculations in the total-ozone estimation proce-

dure, for two arbitrarily chosen models.

Mgg?l R | % Rg.3soo,1ooo R3.3398,1000 Rg.3soo,4oo R£.3398,400 R
4 lo.0{45.0]  0.000 0.000 0.120 0.188 0.09%
7 l70.0 0.000 0.000 0.167 0.243 0.122
90.0 0.000 0.000 0.147 0.226 0.113
1.0|45.0 1.000 1.000 1.006 1.003 1.002
70.0 1.000 1.000 0.966 0.970 0.985
90.0 1.000 1.000 0.985 0.997 0.999
18 l0.0(45.0] -0.168 ~0.333 0.000 0.000 |-0.167
70.0| -0.268 -0.517 0.000 0.000 |-0.259
l90.0| -0.223 -0.487 0.000 0.000  |-0.244
1.0!45.0 0.995 0.997 1.000 1,000 0.999
70.0 1.035 1.031 1.000 1.000 1.016
90.0 1.015 1.004 1.000 1.000 1.002

-and 1.0, and 8g = 45°, 70°, and 90°. For the model No. 4 with 1,000 mb

C . $
surface pressure, values of R0.3800,1000 and R0.3398,1000 agree with

I

the corresponding value of R as the surface pressures of the model and

tables used are exactly the same. Such is also the case for values of

C

Ro. 3800, 400

and R

I
0.3398,400

for the atmospheric model No. 18.

However,

, . C I
for the determination of R0.3800,400 and 30.3398,400 for the model No.

4, we enter the 400 mb tables with a relatively large value of

Im(0.3800, 8g) and Im(0.3398, 8g9), respectively.
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" iR an overestimation of the improved effective albedoes. The degree of
overestimaéion is naturally controlled by the slope of IC(A, Qin,Po, Rk’
8g) vs. RA curves, and the separation of such curves for Py = 1,000

and 400 mb, in the region of immediate interest. Hence, we have ﬁseudo—

C I -
0. 3800, 400° R0.3398,400’ and R on the parameter &g, for

the atmospheric model No. 4. The above-mentioned arguments can also be

dependence of R

used after appropriate changes to expléin under—estimation and 6y~

C C :
dependence of R0.3800,1000’ R0.3398,1000

spheric model No. 18,

and R wvalues for the atmo-

A detailed analysis of R wvalues for all 20 models confirmed the
presence of the above-mentioned pseudo-dependence of R on 65, and on
R, in all cases. Beéides, a éﬁall, but significant, dependence of R
on Qin was also noted. We will not go into this aspect-any further,
However, we will consider the variations of mean R (mean over 10 values
of 8;, and over 10 atmospheric models with the same surface pressure,
but for a given value of R) as a function of R, for models with 1,000
mb, and 400 wmb surface pressures. For Py = 1,000 mb, this quantity
mean R is foﬁnd to assume a value of 0.168, 0.189,.0:270, 0.353, 0.438, -
0.613, 0.397, and 0.993 for R = 0.0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, and
1.0, fespectively. Thus, the range of mean R is smaller than that of
R even though values of mean R for small values of R age greater
than the corresponding values of R. For 7Py = 400, mean R assumes a
value of -0.235, ~0.077, 0.071, 0.210, 0.340, 0.582, 0.803, and 1.007

for the values of R given by R = 0.0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8,
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and 1.0, féspééfivélﬁi-nfhus;-thé current total-ozone estimation proce~
dure tends to expand (shrink) the range of mean R compared to that of

R if the models being analyzed by it have low (high) surface pressures.

From the results presented in the preceding paragraphs, it is
clear that the negative values of the effective albedo is an artifact of

the total-ozone estimation procedure. The analysis of the actual BUV

measurements has provided some negative values of R in the range -0.05
to 0.0. Apsence of very large negative values (~ - 0.1 or smaller) in
thg_;esultg of the analysis of actual measurements, can be partly attri-
_buted to the lack of perfectly absorbing (R=0.0) natural surfaces.
Several values of the effective albedo measured over the polar regions
by the BUV configuration, are :found to fall in ti'te r-ange 1.1-1.6. ‘It
is possible that some of these large values of R are due to a specular
reflection, or some other physical reason, or due to a combination of
circumstances. However, one more aspect of the estimation procedure has
to be considered before assigning these large values of R to natural
causes. ' This aspect is related to the possible errors in estimation of
the parameter -90‘ at the pléce and time of obsefvatioﬁ due to some
biased errors as a'resﬁlt of the nonparallelness of the axis of the
sa£eilitg and the optical axis of the cone of observation, or due to
some random errors resulting from changes in the orbital pafameters.
From the plots of IC(O.BSOO, 2=0.0, 1,000 'mb, RR’ 8g) vs. 8y shown in

Fig. 7 for four different values of R, (= R), we can see that an error

A
of about 1° in 6y for laige (~ 84° or greater) values of 07 can re—

sult in errors of 0.2 in the estimation of R.
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e

Intensity along the nadir direction (arbitrary units)

-

L=

[}
ey

10~2

Wavelength = 0.3800 um
Surface pressure = 1,600 mb

Lt

1

‘Fig. 7 Variations of the intensity of the scattered radiation

emerging along the local nadir direction [IC(A, 2, Po,

- Rys 8g)] as a function of the solar zenith angle (8;)

for A = 0.3800 ym, and Py = 1,000 mb (atmospheric.
model Wos. 2 through 11). Different curves are for
different values of the reflectivity (R‘A) of the sur-

face underlying the atmosphere.
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"S.3 Results for the Cases with R Dependent wp to A: 1In 85.1, we
QI *QC

XY XY
0.030 atm-cm in the SITC3 (or C4) procedure on the ground of a possible

T e " . P A
large difference hetween values of RO.SSOO,y and 0.3398,y

ground of a large sensitivity of Qi - to small changes in albedo.
3

, s . . I .
justified the constraint of setting QX - to zero if
* »

, 0or on the

This comstraint is on a very sound basis if we have an a priori infor-
mation that RA is independent of A. If we do have information on

variations of R} with A for various surfaces, we can modify the

total-ozone estimation procedure to take advantage of this additional

information. The question then arises as to how much error is intro-

duced in Qe as a result of a given R.}L vs. A variation, and to what

extent the criterion of the SITC3 procedure assists in improving values

of Qe so obtained.

Very little information is available in the open literature about
the spectral dependence of various types of natural surfaces in the
region of immediate interest, viz, 0.3100-0.3800 um. We have therefore

attempted to obtain a preliminary answer to this question by using sim-

ulated Lambert'reflectivity characteristics shown in Fié. 8. In fact,
we have Qsed thrée_distinct.types of characteristics. The first type
of characteristics represents surfaces whose Lambert reflectivity in-
creases with an increase in wavelength (curves marked A, B,-and C).

Three different slopes of R, vs. A are considered, viz, AR = 0.01,

A
0.02, and 0.05 for a 0.0l pm change in wavelength. The second type

of characteristics represents surfaces whose Lambert reflectivity
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Simulated Lambert reflectivity

0.32 0.34 0.36 0.38
Wavelength (um)

Fig. 8 Variations of the simulated Lambert reflectivity (RA)

as a function of the wavelength (A).
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" 7 decreases with an‘iﬁcfégégniﬁ“;ggéiéﬁétﬂ‘Icﬁ}ves‘ﬁarkéd D: E, F)Z“ Again;
the same three slopes are considered, but with an opposite sign. The
third type of characteristics would represent surfaces whose Rh vs. A

curves would have either a maximum (curve G), or a minimum (curve H),

in the middle of the spectral region of interest.

- The SITC2 and SITC4 procedures (see §5.1) were modified to handle
this generalized input, and renamed SITC6 and SITC8, respectively. The
new procedures are capable of handling cases where the Lambert reflec-
tivity (RA) of the surface underlying the atmospheric model, can be a

_function of wavelength (A). Atmospheric models Nos. 2 through 11, and
13 through 22 were again used to obtain values of ﬂe and R for ten
different values of 83, and éight different RA

using the SITC6 and SITC8 procedures. For brevity, we will restrict our

vs. A characteristics

discussion to a mean value of Qe where this-mean is taken over a maxi-
mum of 20 subecases for a given value of the input ozone amount (ﬁin),
but for 10 values of 93 and 2 values of the surface pressure (Pp).
Number of subcases for which the best ozone estimate (Qe) could be eval-
uated for a giéen value of Qin and the cérrespénding-méan value of Qe
as obtaiﬂed with the SITC6 and SITCS procedures are given in Tables XIT,

XIII, and XIV for the three different types of reflectance characteris-—

tics, respectively, described in the ﬁreceding paragraph.

From the results presented in Table XII for the models resting on
a Lambert surface whose reflectivity increases with an increase in wave-—

length, it can be seen that the constraint of the SITC8 procedure dis-
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Table XII. Number of subcases for which the best ogzone estimate (Qe)
could be evaluated out of a maximum of 20 subcases (10

e _.values.of .6;, and 2 values of Py) for.a given input ozone
amount (Qin), and the corresponding mean Qe for these

subcases as obtained with the SITC6 and SITCS8 pfocedures.

T ‘Ground Reflectivity: Rh is assumed to increase linearly

with an increase of A (curves A, B, and C of Fig. 8).

_Number of subcases for which Qe could be evaluated.

- Ref. Curve A Ref. Curve B . Ref. Curve C
in - - ;
2EWTER 1 s1TCE SITC8 | SITC6 SITG8 | SITC6 SITCS
0.200 20 17 20 17 20 15
0.250 20 17 20 15 . 20 13
0.300 20 15 20 12 1i9. 8
0.350 19 10 19 9- .19 8
0.400 19 9 19 8 19 5
0.450 19 9 19 8 17 it
0.500 .18 8 17 7 17 0
0.550 17 7 17 6 15 0
0.600 15 7 14 5 11 0 -
.ﬁorfesponding value of mean ‘Qe in atm-cm.

0.200° 0.215" 0.21%1 0.220 0.214 0.233 0.221
0.250 0.270 0.262 0.275 0.264 0.292 0.272
0.300 0.324 0.312 0.332 0.311 0.337 . 0.315
0.350 0.366 0.362 0.372 0.357 0.390 -| 0.367
0.400 0.420 0.405 0.428 0.408 .| 0.455 0.417
0.450 0.477 0.455 0.485 0.458 0.495 -
0.500: 0.527 0.505 0.531 0.509 0.554 -
0.550 ¢.575 0.555 0.585 0.559 0.592 -
0. 600 0.606 0.6056 0.605 0.608 0.601 -
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http:values.of

Table XIIT.

Number of subcases for which the best ozone estimale (Qe)
could be evaluated out of a maximum of 20 subcases (10

values of 83, and 2 values of Py) for a given input ozone

e __Ground Reflectivity: R

amount (Qin), and the corresponding mean Qe for these

subcases as obtained with the SITC6 and SITC8 procedures.

2 is assumed to decrease linearly

with an increase of A (curves D, E, and F of Fig. 8).

Number of subcases for which Qe could be evaluated.

o Ref. Curve D Ref. Curve E Ref. Curve F
in
atm-cm SITC6 SITCS SITC6 SITCS SITCH SITC8
" 0.200 20 20 20 20 . 20 18
0.250 20 20 20 20 20 18
0.300 20 20 20 18 20 17
0.350 20 19 20 18 .20 13
0.400 20 18 20 16 18 4
0.450 20 18 20 14 17 0
0.500 20 16 19 12 16 0
0.550 19 14 17 12 13 0
0.600 16 13 13 10 8 0 -
Corresponding value of mean Qe in atm-cm.
~0.200 0.196 0.196 0.192 0.192 0.178 0.180
0.250 0.247 0.247 0.243 0.243 0.230 0.231
© 0.300 0.297 0.297 0.291 0.293 0.276 | 0.278
0.350 0.346 0.347 0.341 0.343 0.323 0.324
0.400 0.396 0.397 0.389 0.392 0.376 0.381
0.450 0. 445 0.446 0.436 "0.442 0.421 -
0. 500 0.493 0.497 0.485 0.491 0.470 -
0.550 0.543 0.547 0.537 0.541 0.519 -
0.600 0.595 0.597 0.591 0.591 0.572 -
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Pable XIV. Number of subcases for which the best ozone estimate @)
could be evaluated out of a maximum of 20 subcases (10
values of 85, and 2 values of Pgy) for a given input ozone

amount (Qin), and the corresponding mean e, for these

subcases as obtained with the SITC6 and SITC8 procedures.

__ Ground Reflectivity: Variations of RA vs. A used for

these results are as shown by the curves G, and H of Fig. 8.

Numbaer of subecases for which Qe could be evaluated.

Ref. Curve G Ref. Curve H
Qin
atm-cm | orpce SITC8 SITC6 SITGS
0.200 19 15 20 15
= |-~ 0.250 18 7 20 14
0.300 18 5 20 9
0.350 17 0 20 6
0.400 15 0 20° 4
0.450 9 0 19 0
0.500 5 0 18 0
0.550 0 0 18 0
0.600 0 0 16° 0

Corresponding value of mean g, in atm-cm,’

0.200 | 0.241 0.231 0.166 0.173
0.250 0.292 0.275 0.218 0.226
0.300 0.342 0.325 0.265 0.275
0.350 0.394 - 0.315 0.329
0.400 0. 448 - 0.369 0.376
0.450 0.499 - 0.410 -
0.500 0.537 - 0.458 -
0.550 - - 0.508 -
0.600 - - 0.556 -
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the SITC6 procedure.

cards a large number of subcases at large values of the parameter Q;Al
This is especially true when the slope of the RA ve. A curve is also

the steepest of all-kcurve C). Use of the SITC6 (or SITC8) procedure
fsguézmosphéric-modeis restingién a Lambert surface with its reflectiv-
ity increasing with an increase in wavelength, results in an overestima-
tion of mean Qe (in fact, most of the individual values of Qe were
féﬁﬁé-to be éreaﬁer than the correspondiﬁg value of Qin).- In general;

values of the mean Qe ohtained with the STITC8 procedure are signifi-

cantly closer to the corfe3ponding Qin values than those obtained with

Results presented‘in Table XITE for the models resting on a Lambert
surfﬁce whose reflectivity decreases vith an increase in wavelength,
also support the observations for the models with the first surface
characteristics reported in the preceding paragraph except that the
quantity [ (mean erj-ﬂin] now carries a negative sign. Furthermore,
the magnitude of (mean Qe)-ﬂin is also gemerally smaller for this

latter characteristic than the pieceding one.

When the spectral reflectance curves of the Lambert surface under-
lying an atmospheric model e;hibit ; strong maximum or a minimum in the
ﬁiddle of the spectral region of interest,‘ﬁse of the SITC8 procedure
results in discarding of a large number of subcases (Table XIV}. Fur-
thermore, the quantity [(mean Qe)-Qin] ié positivér(negative) when the

reflectance characteristics of the underlying surface are represented by

the curve G (H) of Fig. 8. It may also be noted that the values of
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——-]Gmeanuﬁéftjﬁng for tﬁémresultguﬁresenféd—iﬂ_Téglg XIv are‘éenerally
greater than those in Table XII, or XIILI.

Other additional aspects which should be looked into in this type

of analysis are the maximum, mean, and the R.M.S. deviations of ﬂe
around its mean value. From a cursory analysis of the detailed output,
we feel that the use of the SITC8 procedure would also result in a sig-

nificant improvement in this area.

5.4 Effect of Raising the Ground: Results presented in §5.1, §5.2, and
§5.3 are restricted to dust-free atmospheric models with a surface pres-
" sure (Py) of 1,000 or 400 mb. 1In fact, these models are the same as
those used for the preparation of basic tables for the total-ozone esti-
mation procedure (see §2.2). In order to investigate the effect of
raising the lower boundary of the atmospheric model above the mean sea-
level, the atmospheric model No. 3 and 7 with -Qin = .250 and 0.450
atm-cm were used to generate several additional models whose lower
bOuﬁdaries are ;ocated at hlm above the mean sea-level. The following
values are used for the parameter h: 0, 2, 4, 6, 7; 9, 11, 13, and 15
km. It may be noted that the model with its lower boundary located at
7 km . above the mean sea-level has a surface pressure (Pg) of 400 mb.
Iﬁformation about the surface pressure (PO. in mb}, and the.total ozone
content {(§ in atm~cm) of these additional atmospheric models along
with_their corresponding serial numbers as used in generation of the

output, is given in Table XV.
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" Table XV. Values of the height (h in km) of the lower boundary of the
atmospheric model above the mean sea-level, surface pressure
(P; in mb) at this lower boundary, and. the actual total
-m—__—mﬂg;c-—rre_ aﬁlt';ﬁnt [Q inm.';l.i-:u;—cm]h for several additional models.
Information about models No. 3, 7, 14, and 18 is reproduced

here from Table III for assuring completeness of presentati.on.

Model _Numb er H%Iifl?t Surface(mi;'essure Oz?gimﬁlz;;mt
3 0 "1,000 0.250
31 2 789 0.245
32 4 605 0.240
33 6 461 " 0.236
A 1T T 7T koo ‘ 0.234
34 9- 304 0.232
35 ‘11 228 0.231
36 13 169 0.229
1 B “123 0.227
7 0 ) 1,000 0.450
38 2 789 " 0.443
-39 - 4 605 0.436
40 6 461 0.430
18 7 400 0.427
41 9 304 0.419
42 11 228 0.402
43 13 169 0.372
44 15 123 0.342
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Values of the deviation 4 [= 1,000 x (sz:':iz;n')l are given in Table
XVI for all atmospheric models with Qin = 0,250 atw~cm, and for all ten
values of 0y, but for the wavelength-independent ieflectivity of 0.1,
Ahé—b.é onlf. érﬁé“SIiCQ procedu;e was used-féfnihis ﬁﬁfﬁéﬁei)w Similar
results but for R = 0.8 and 1.0 are given in Table XVII. For R = 0.0
and 0.1, the deviation A increases with an increase in the height of
thé~1ower boundary ofnthe modélvaboée the mean sea-level. ia}gé'ﬁélues
of A are generally seen at smal} values of 6g, and at high values of
h. For 6y = 0°, 45°, and 60°, it is not possible to estimate a value
of €, for values of h > 9 km when R = 0.1. For R = 0.8 and 1.0,
the deviation A (which is positive for h = 0 km) decreases with an in-
crease in the value of the pafémeter h, passes through a zero value at

h = 0 km, and assumes negative values thereafter.

From the values of ths quantity A given in Table XVIII for all
atmospheric models with Qin = 0.450 atm-cm, and with low values (R =
0.1 and 0.2) for the iambert reflectivity of the underlying surface, we
find tha£ it ig not possible Fo ébtain a vglue of Qe _ig many subcaées:
This is not the case for large values of R (0.8 and 1.0)‘for which
numerical results ;re presen;ed in Table XIX. Comparison of results
presented in Tables XVII and XIX shows a very significant increase in

the magnitude of A for given R, 8j, h combinations as Qin is in-

creased from (0.250 to 0.450 atm—cn.

The following analysis was performed for a part of the output for

the atmospheric models listed in Table XV at the request of Dr. A. J.
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Table XVI. Effect of raising the lower boundary by h km on the devi-
ation [A = 1,000 x (Qe—ﬂin)] for an atmospheric model with

in

0 = 0.250 atm-cm,

Deviation for the model with h, =
%0 Oknm | 2kn | 4 km | 6 km | 7 kn | 9 ko | 11 km| 13 km | 15 km
R = 0.1; Independent of A.

0.0 0 9 22 36 44 - - - -
45.0 0 7 18 30 37 - - - -
60.0 | 0 5 13 23 28 - - ~ -
70.0 0 3 8 14 18 27 - - -
75.6 | . 0 2 4 8 11 17 - - -
79.6 | 0 1 3 |75 6 9 13 - -
"82.5 0 3 |8 12 |15 |23 =] e prmf
84.7 0 4 8 12 14 19 24 - -
86.7 0 4 ‘10 15 | 18 22 25 - -
90.0 0 17 - - - - - - -

L o R=0.2; Inde.p'endent of -A. S

0.0 | ~1 5 12 19 7} 23 31 7| .38 43 47
45.0 | ~1 4 10 17 21 | 28 1 34 | 39 42
60.0 | .~1 3 8 13 | 17 | 23 | 29 | 33 | 36
70.0 | 0 2 5 8 11} 16 ] 21 | 25 | 28
75.6 0 1 3 5 6 10 14 17 19
79.6 0 1 1 3 | 3 5 7 10 11
82.5.] 0 2 5 8 10 14 19 25 | -
84,7 | 0 2 5 8 9o | 11 14 18 22
86.7 0 3 7 10 11 13 14 % | 14
90.0 | -1 11 26 - - - - - -
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Table XVII. Effect of raising the lower boundary by h km on the devia-

tion {A = 1,000 x (Qe-—ﬁin)] for an atmospheric model with

R = 0.230 atweem.
Deviation for the model with h =
7o Okn | 2km | 4km | 6 km | 7km | 9 ¥m | 11 km| 13 km| 15 km
R = 0.8; Independent of A.
0.0 | 24 16 8 2 0 -3 -5 -7 | -9
45.0 | 20 14 8 2 0 -3 -5 -7 -9
60,0 | 16 | 12 6 2 | o -3 -4 -6 -9
70.0 { 12 9 5 1 0 -2 -3 -5 -8
75.6 | 10 7 4 1 0 -1 -2 -4 -6
79.6 6 3 |1 0 -1 -1 -2 -3
82.5 6 4 2 0 0 - 0- - -1
84.7 6 4 2 1 0 0 1
86.7 5 3 1 0 -1 -1 -2 -1
90.0 | 15 10 5 1 0 -1 | -2 -6 | -15
----- ‘ R'= 1;0;'Independent of A. T )

0.0-]. 28 |. 19 n | -2 0 -3 -5 -6 -8-
45.0 | 25 | 17 9 2 0 -3 -5. | -7 -9
60.0 | 21 14 | 8 2 0 -3 -5 -7 | -10
70.0 | 16 11 6 2 0 2 | -4 | -6 | -8
75.6 | 12 8 5 1 0 -2 -3 -4 -6
79.6 | 10 7 4 1 0 -1 -1 -2 -3
82.5 5 2 0 0 0 0
84.7 8 5 2 0 0 0

86.7 6 3 - 1 0 -1 -1 0 1
90.0 | 18 12 6 1 0 -1 -2 -5 -14
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Table XVIII. Effect of raising the lower boundary bj h km on the devi-
ation [A = 1,000 x (Qe—ﬂin)] for an atmospheric wmodel with

Q. = 0.450 atm-cm.
ain

Deviation for the model with h =
"o Okn | 2kn | 4kn | 6kan | 7kn | 9km {11 km| 13 km| 15 km
R = 0.1; Independent of A.

0.0 0 7 18 - - - - - -
45,0 0 5 14 - - - - - -
60.0 0 3 - - - - - -
70.0 0 9 3 - - - - - -
75.6 0 5 | 14 - - - - - -
79.6 0 4 10 [ - - - - - -
82.5 0 4 10 R e RCRIEE B BTt R
84.7 0 7 14 - - - - - -
86.7 0 14 - - - = - - -
90.0 0 - - - - - - - ~

i ’ il = Olé; :_En(i;apendent of ?\-.— ) )

0.0 | -0 3 "8 13 °| 15 18 - - -~
45.0 0 3 7 11 12 - -- - -
60.0 0 1 4 7 8 - - 1. - -
70.0 | 1 0 1 25 - - - - -
75.6 0 3 9 15 - | - - - -
79.6 0 2 5 9 - - - - -~

g2:5 | 0 3 5 8 - - - -
84.7 0 4 8 11 - - - - -
86,7 - 9 - - ~ - - - -
90.0 - - - - - - - - -
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Table XIX. FEffect of raising the lower boundary by h km on the devi~
ation [A = 1,000 x (ge—gin)] for an atmospheric model with

Q. = 0.450 atm—cm.
in

Deviation for the model with h =

%0 Okm | 2km | 4km | 6km | 7km { 9 km | 11 k| 13 km} 15 km
R = 0.8; Independent of A
0.0 32 22 12 4 0 -9 =30 -63 =94
45,070 29 20 11 4 0 -9 -29 -62 ~-93
60.0 | 24 | 17 | 10 4 0 -8 | -28 | -60 | -91
70.0 19 14 8 3 0 -7 -25 ~56 -86
75.6 15 10 6 2 0 =5 -21 =51 ~-79
79.6 12 9 5 2 0 =5 -19 =47 =75
82.5 12 8 - 5 2 -0 -4 -15 -40 -66
84,7 14 10 ) 2 0 -4 -15 =37 ~60
86.7 19 14 8 3 0 ) ~-21 =46 ~67
90.0 24 16 ] 3 0 -8 =30 -67 -

ﬁ = 1.0; Independent of A.

0.0 | 37 |- 24 13 4 0 -9 | -30 | -63 | -9
45.0 | 34 23 13 4 0 -9 | -30 | -63 | -94
60.0 | 29 20 12 4 0 -9 | -29 | -62 | -93
70,0 | 23 16 9 3 0 -7 | -26 | -58 | -88
75.6 | 18 12 7 3 0 -6 | -22 | -53 | -81
79.6 | 14 5 2 0 -5 | -20 | -9 | -77
82.5 | 14 9 & 1 0 -3 | =15 | -40 | -67
84,7 | 16 10 5 2 0 -3 | 14 | =36 | ~59
86.7 | 22 14 8 3 0 -5 | -19 | -4& | -64
90.0 | 28 19 10 3 0 -7 | -28 | -65 -
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Fleig: The total-ozone estimation procedure may provide valies of

I I
Qx,lOOO and QX,400 for x =1, and 2, Based on the value of 8; and

the slope of the N_ vs. 8, curve in the region of immediate interest,

we select one of the tﬁo_%avelength pairs; and then obtain a_Gélué of
Qe with ﬁhe help of the procedure discusse@ in §2.4, and §5.1, If
values of gi,lOOO and Qi,AOO are available for a given subcase and
for the wavelength pair used in the determination of Qe, we can then
obtain a value of Qé f;om the knowledge of the Py parameter for a
given modei, and a linear interpolation or a linear extrapolation of
QI’y vs. Py, or vs. log Pg, or vs. h 'curves.‘ After several trials,

we found that a linear interpolation or extrapolatiomn in Py provides

the best results.

Values of 9; were obtained after following the procedure out-—
lined in the preceding paragraph for the atmospheric models No. 31, 32,
36, and 37 illuminatgd by the sun at 0°, 45°, 60°, 70°, and 75.6° from
the docal zenith. For'all cases for which it was possible to obtain a
value of @], we found the deviation A' [= 1,000 x (2'-@, )] to be
in the range iZ-units. Thus, for the modei No. 32 Wi££ ’R = 0.0 and

8g = 0°, we have A = 34 units but A' = — 3 units only. For the

47 units but AT =

model No. 37 with R = 0.2 and 05 = 0°, we have A

-9 units and

0, we have A

0. For the model No. 37 with 8y

A' =0 for R=0.8, but A =~8 units and A’ 4 units for R = 1.0.

These results suggest that a knowledge of P associated with the

availability of the values of Qi and Qi for a given subcase,
) .

» 1000 400
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helps considéiébly in increasing the £eizéﬁiliﬁy of the best oéan;‘est%—

mate provided Qin is small.

For the moderate wvalues of Qin (i.e., Qin = 0.450 atm-cm), it was

net possible to obtain a value of 9; in many instances due to the un-

availability of both Qi and Ri For subcases for which the

» 1000 »400°

quantity Q; ‘could be‘ﬁfﬁefp}ned, ?E% corrggponding At was f?%nﬁmfo
be close to zero only if Py for that particular subcase was located
between 1,000 and 400 mb. The results were of rather poor quality when-
. ever a linear extrapolation was required. As for example, for the model
_No. 41 and 42 with 65 = 0°, and R = 0.4, the quantity A has a value

of - 12 and - 28 units, respectively, while the respective values of the

quantity A" are —5 and - 21 units.

Results presented in the last two paragraphs demonstrate the need
of developing a new total-ozone estimation proéedure with basic sets of
tables for additional values of the parameter Py 1if the value of the
surface pressure at the time of observation is available from independent

sources. It may suffice to have three additional basic sets, viz, for

Py = 800, 600, and 200 mb.
5.5 Convergence of the Best—Ozone—Estimatie Value: The total—-ozone esti-
mation procedure described in §2.4 can be briefly outlined as follows:

(a) Measured values of the intensity of the scattered radiation emerging
at the top of the atmosphere along the local nadir direction

{Im(l, 8g9)] are available for 5 different values of X (viz, 0.3125,

12



" 0.3175, 0.3312, 0.3398, and 0.3800 um), and a given value of 8.

. C
(b) TUse 1,000 wb tables for tha given 8y to comptte RD.SSOO,lDOO

c

f;gp; Im{Q.BBOO, Gp). Assign the computedﬁvaluerf_‘R0‘380031000

e+ o

ta RA,lODO for the remaining four wavelengths.

{c) Conmpute Qi using values of and Im(l, 8g) at the

RC
» 100D A, 1000

v Birst four wavelengths listed in (a) above. e

c . I ;
(d) TUse Qx,lOOG to obtain RD‘3398,1000 from the value of Im(0.3398,
8p), and assign R: value to R for the first

G.3398,1000 4,1000
three wavalengths. .

(&} Compute Qi using values of Rx and Im(l,eo).

, 1000 A, 1000
G ¢ I
(£) Repeat (b) to {(e) above to compute Rk,&GO’ “x,aoo’ RR,AOO’ and
RI
=, 400"
T T I

1
£, 400" %, 1000° ¢ %%, 400

after selacting the proper wavelength pair, i.e., z value for the

{g) Evaluate @, using valuea of R R

A,1000°

subscript  x.

These steps of the procedure suggest a possibility of obtaining a

converged'value of 'ﬂe by setting up an iteration scheme. The wvalue of

Q at step {g) can be taksn as 912 to evaluate 312 following step
a - x5 )‘JY

(d): Steps (&), (£}, and (g) can then be executed to arrive at the

second value of the best ozone szestimate represented by the symbol QZ.

Thizs iteration procedure can then be repeated to obtain values of 92,
4 n

@, ", R
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Values of 522 for n =—1—,-“2_, 3,' 4, 5, and 6 were computed for the
atmospheric model No, 2 through 11, and 13 through 22 by using the iter—

ation procedure outlined in the preceding paragraph at the suggestion

and request of Dr. A. J. Fleig. These computations were carried out for
all 10 values of 6j, and 8 values of R listed earlier. A modified

version of the SITC4 procedure was used for this purpose.

Out of a total 800 subcases for the 1,000 mb models (10 models x 10

values of 0 x 8 values of R), it was not possible to evaluate even

1
0

e {(or Qe) for 110 subcases (see §_5.1). Values of 9.2 were found to

.remain unchanged with an increase in the order of iteration for 615 sub-

6
Qc—:-. - Qin

cases. For 59 subcases, the quantity for a given R, 8y, Qin

combination was found to be greater than the corresponding value of

‘“l
Re - s2:?.11

by 0.001 or 0.002 atm—cm suggesting a deterioration in the
value of .Qrel with an increase -in the order of -iteration. TFor 10 other
subcases, this deterioration was found to be as much as 0.007 atm-cm.
For two subcases with szin = 0.650 atm—cm, we could estimate Qi_’, but
not 522.' Only‘ for four subcases-ou:t of a total of 800, the iteratior‘l_. }
procedure assisted in improving the final value of the be-st—ozone—-

I
‘Q'e - s-2:11:1

estimate (i.e., ﬂg -8 <

, for a given R, 85, £, combina-
in in
+

tion) by-0.002 atm-cm, at the most.

Similar analysis of the results of iteration for the atmospheric
models with 400'fib surface pressure, yielded somewhat more encouraging
information than the one reported in the preceding paragraph for the

1,000 mb models. Out of a total of 800 subcases, it was not possible to
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evaluate even ~Qé for 251 subcases. For 419 subcases, values of Rz
were found to remain unchanged with an increase in the order of itera-
tion, n. For 18 subcases with Qin = 0.650 atm-cm, we could evaluate
Qi, but not ﬂﬁ. An oscillatory character of 92 vs. N1 was obhserved in
seven cases; e.g., for the subcase defined by Qin = (}.400 atm~cm, R =
0.2, and 85 = 75.6°, the quantity 92 was found to. change from 0.400,
. to 0.42]1, to 0.398, to 0.421, to 0.398, and back to 0.421 atm-cm as the
superscript n is increasgd, by one, from 1 through 6, respectively.
For 63 subéases, the final wvalue of the best ozone estimate showed some
) 6 1

SV & —Q,
e e in

< 0.002 atm-cm. A small

small improvement, i.e.,

in
‘deterioration in the value of 92 with an increase in the order of iter-
ation was noticed in 28 subcases. The remaining 14 subcases were found
to exhibit either a very significant deterioration (five cases), or a
very significant improvement (nine cases). As for example, we found

Qi = 0.6l4 atm-cm, Qz = (0,591 atw-cm, Qz = 0.592 atm—-cm, Qi = 0.592 atm~
CIk, Qz = 0,592 atm—cﬁ, and 92 = (0.592 atm—cm for the subcase defined

by .. = 0.600 atm-cm, R = 0.3, .and 8p = 60°,

From the results presented in tﬁe pieéeding two parégraphs, we con-
clude that the use of an iterative procedure té obtaiﬁ an improved value
. of the best oéone estimate by plugging in the cﬁrrent'value ;f‘tﬁ; best
ozone estimate to gét a new'value of the Zmproved éf?@ctive ﬁlbedb,‘is
ineffective in most cases. For a few cases for which some effect is

noticeable, the converged value may or may not represent a real improve-

ment.
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5.6 Recommendations: An oral presentation of some of the results dis-
cussed in §5.1 to §85.3 was given by:the author to Dr. C. L. Mateer on
September 20 - 21, 1976 at the Atmospheric Enviromment Service, Toronto,
Canada, and to a group of scientists (Drs. A. J. Fleig, R. S. Fraser,
and others) on September 22 - 24, 1976 at NASA/GSFC, Greenbelt, Maryland.
A set of tentative recommendations was made by the author at these meet—
ingé:‘;n& discussed-éxtensivelfz.‘Resuiésr;f'fﬁrﬁﬂér‘investigagions
based on these discussions are given in §5.4 and §5.5. A final set of
recommendations which can assist in increasing the reliability and comn—
fidence level bf total ozone'values derived from the BUV measurements,

:is given below. Some of these recommendations include suggestions by

various participants at these two meetings, and are not strictly con-

fined to the primary purpose of this contract.

Recommendation I: _In §4.1, we presented ;eéults to show that the
Nc vs. Qin curve for the first wavelength pair (0.3312-0.3125 ym), and
for 8¢ > 79.6° has a maximum which is shifted to lover values of @
with an ingrease in 85. In §5.1, we presented several examples point- -
ing out the large errors which can be introduced in the pest ozone esti-
mate (Qe)'value (in some cases), due to an inadvertent use of the Nc
vs, Qin curves with a maximum. As mentioned earlier (74 of §5.1}, Dr.
Mateer pointed out that the NASA/GSFC total-ozone procedure does contain
an additional step which can be expected to perform the function of

avoiding the use of such Nc vs. Qin curves. However, use of an expli-

cit criterion discarding the use of the first pair during analysis of
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T obse¥vations for all values of O greater than a prespecified upper

limit, seems very appropriate and it will avoid misunderstanding and

duplication of effort on the part of future investigators. The specifi-
sl ; . oL S - zZ - - _Z

cation of this upper limit would depend upon the R0.3312,P0’ R0.3125,P0

(Z = C or I) combinations which can be encountered, and on the range of

Qin for a given set of basic tables. From the results presented in

§5.1, we can set this ﬁépernliﬁit‘afsund‘80°.
Recornmendation IT: The process of digitization of the signal

representing a given Im(A,SO) measurement is known to introduce some
.error. This information should be used to determine the R.M.S. error in
a given measurement of the quagtity N, [see Eq. (5)]. If the error of
measurement in Nm is_ ANm‘ units, and if the quant;ty" ﬂi,y is to be
determined within AR atm-cm, we recommend discarding of a value of Qi,y
when the corresponding slope of the Nc vs. Qin curve in the region of
interest [the quantity Si,y given by Eq. (6)] is less Fhan ANm/AQ

units per atm-cm.

Recommendation III: This recommendation is for the inclusion of

the criterion for discarding a value of Qi when the corresponding
]
I s . .
- Y—-Qg - is greater than, or equal to, scme preset limit. This
3 H .

limit was set, somewhat arbitrarily, at 0.030 atm-cm for our investiga-
tions reported under the heading of the SITG3 procedure (see 15 of §5.1).
Some advantages of using this criterion are brought during the discus-
:._sion of numerical results péesented in Tables V through X. It is de-

sirable to modify this criterion to [|QI -QC I/QI ] being greater
XY XY XY
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than or equal to a preset limit.  Several tests with different values

for the limit for this ratio are in order.

Recommendation IV: This recommendation is gelated to-the relaxa-
tion of the unnecessarily strict criterion for accepting a value of Qe
when the effective albedo (R) falls outside the range 0.2 -0.8. Further
information on this aspect can be obtained in the sixth paragraph of
§5.1. It is further recommended that if R £ 0.2 and if values of

. .

I .
91’1000 and 92’1000 are available, the value of @
) I I

cepted as 2, ‘onlY if 51,1000 > S2,1000

A similar check must also be inserted for the selection between ﬂi 400
- >

I
1,1000 should be ac—

for this particular condition.

I -
i >
and 92’400 as a final value for Qe when R 2 0.8,

Recommendation V: 1In §5:1, we have shown that the analysis of simula-

-

ted BUV measurements in the total absence of any information about the sur-

face pressure at the time and place of obéervatioﬁ, leads to a Gery sig~
nificant over—estimat;on of the  total ozone amount if the sun is near the
local zenith.or local ﬂorizon, and if the associated values of the sur-
face pfeésure aﬁq the ground reflectivity are also near the upper or “the’
lower ends of tieir respectivé ranges. (Soﬁe of fhesé-césesAof over-
estimatioﬁ can be objectively declared as "umable to determine the best
oz&ne-estimate" by following the third recommendation.) Further errors
in the evaluation of R and hence of Qe are introduced: due to errors
in the determination of the value of € at the place and time of ob-
servation (§5.2) when the sun is near the local horizon. We therefore
recommend that extra preqautions be exercised before accepting the values

of Qe for values of 6 > 85°. Tt should be further pointed out that
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‘the second wavelength pair (viz, 0.3398 - 0.3175 ym combination) also

loses its sensitivity to changes in for large values of & and

in

8g. Under such circumstances, we recommend that the possibility of

in

ﬁgghg the third wavelengtﬁlpair (Giz, 0.3398 ~ 0.3312 um; see Fig. 5) be
also looked into. For the future satellite experiments aimed at measur-
ing total ozone at middle and high latitudes with the sun near the local
ﬁogizdh, we suggest an additional measurement of intensity in a narrow

spectral interval between 0,3175 um and 0.3312 um.

Recommendation VI: In the preceding paragraph, we listed several
.conditions under which the total ozone in an atmospheric column can be
overestimated due to a lack of any information about the surface {or
cloud top) pressure at the pléée and time of observatiomn. The degree Pf
this overestimation can be reduced by a very significant amount by fol-
lowing the step outlined in §5.4 provided the surface pressure lies in
aetWEEH the two values of Py for which basic tables of the total-ozone

estimation précedure are available. (If necessary, basic tables for

additionél values of the parameter 'Po can be prepared without much
difficulty.) In principle, it is possible to obtain some indication of
the surface pressufé for each set of the BUV measurements from the analy-
sls of the infrared measurements taken by another spectrometer on the
NIMBUS-IV satellite. We therefore recommend an extensive effort to ob-
tain such information ébout the surface preésure, and appropriate modifi-

cations in the total-ozone estimation procedure for taking advantage of

this additional piece of information. It should be pointed out that we
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"do not require a very accurate measurement of the surface (or cloud top)
pressure at the place and time of observation; an error of * 50 mb, or

even * 100 mb, is acceptable.

Recommendation VII: Another problem area is the lack of any infor-
mation on the spectral dependence of reflectivity of the underlying sur-
face in the 0.3100- 0.3400 pm region. The type of the errors that can
be intreduced in a valu;‘oé tﬁe beét ozonétéétimaégv(éé)-éué,ég ; lack
of our knowledge on 31 vs. A, 1s brought out in §5.3 by carrying out a
complete analysis for eight different simulated wvariations of the Lambert

.reflectivity with wavelength. An extensive project to obtain Rl vs. A
characteristics of various types of natural surfaces using aircraft

measurements, satellite measurements, laboratory measurements, and numer—

ical simulation is in order.

Very recently, Dr. Fraser provided the auéhor with a copy of the
rough draft of a manuscript entitled, "The Apparent Spectral Ultraviolet
Refléq@ances of Various Natural ?u;faces" by P. M. Furukawa and D. F.
Heath. The observations for this apparent spectral reflectance investi-
gation were taken_qith sinélg monochromators mounted on NASA's CV-990
aircraft. We find from this report that the apparent spectral reflec-
tivity of a cloud layer is only slightly dependent on wavelength in the
spectral region 0.3312-0.3800 ym, but decreases very rapidly as the
wavelength is decreased from 0.3312 um to 6.3100 um, This sharp discon-

tinuity in the apparent reflectance vs. A curve for a cloud layer is

attributed by the authors, to some absorption by liquid water in that
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part of the spectrum. Further information on this aspect is very essen-
tial. In the absence of such information, it is desirable to extend the

total-ozone estimation procedure for simulated (and then actual) measure-

ments in the following manmer:

Let us assune that a value of Qe is obtained from the value of

I I , . ;
92’1000 and 92,400 by using Fhe SITC4 (or 1t§ F?u?ﬁf}éntz‘?rocgdgre.

For this purpose, we have made use of measurements of Im(A,GO) at A =
0.3175, 0.3398, and 0.3800 pm. This value of @ can then be used to

obtain values of the second improved effective albedo represented by

‘Ri?y from those of Im(A,Bg) at A = 0,3125, 0.3312, and 0.3398 um.
A wvalue of RI2 can then be ohtained after a linear interpolation.
0.3175,y .
12 I2

Values of R0.3175,y and R0.3398,y can then be used_to obtain values of

ﬂgzy, and finally, a new value of Qe. If the original Qe is obtained
LS -

from measurements at the first wavelength pair, the procedure would re-

12

quire an extrapolation for obtaining R from the values of
0.3125,y .
iz . 12
Ro.3175,y 2™ Rg 3398,y

The extension of the SITC4 procedure in a manner outlined in the
preceding- paragraph must be tested extensively with simulated observa-
tions. Its adoption to the analysis of the actual observations should

awalt results of this extensive testing.

Recommendation VIII: 1t is recommended that selected BUV data for
which approximate coincidences of the ground—truth measurements of total
ozone using the Dobson Spectrometer (only the so-called "direct sun mea-

surements using A-D pairs") are available, be thoroughly analyzed after
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including as many of the- above-mentioned recomﬁendations.as possible.
Effect of each of these recommendétions can then be tested on actual
data, Sﬁch a study is bound to assist considerabl§ in increasing the
reliaBility and confidence level of the BUV, total;ozone data provided
the sample is sufficiently large and representative. It can also draw
our attention to other problem areas. To this effect, it is de§irable
to see 1f any significant differences between the ground-truth and the
BUV ozone values are related to changes in the underlying terrain due to

the motion of the satellite. For this purpose, we can make use of a

c
0.3800,y

measurements of Im(O.BBOOLBO) taken through the duration of a given

spread amongst four values of R obtained from each of the four
set of observations [i.e., during mezsurements of Im(A,eo) at A =
0.3125, 0.3175, 0.3312, and 0.3398 ym which are taken at an interval of

about 2 seconds].

VI. SIMULATION FOR THE SBUV/TOMS ‘CONFIGURATION

6.1 Péoéedure_@sed for Analysis of the SBUY/TOMS_Mb&surements: The main
difference between the section of the BUV experiment on the NIMBUS-IV
satéllite, and of the SBUV/TOMS experiment on the N;MBUSHG satellite
aimed at the estimation of total ozone in aﬁ atmospheric column, is in
the number of wavelengths for which measurements are available for this
purpose. For the BUV configuration, measurément; are available-.at the
vavelength (\) given by A = 0.3125, 0.3175, 0.3312, 0.3398, and 0.3800

~

um. For the other ceonfiguration, it is planned to have an additional
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measurement. at \0.3600 uym. There are some ofhér important differences
(e.g., observations along the ofﬁ—nadir directions), but our study does

not cover them.

This additional measurement is made in the spectral region with a
very small absorption by ozone (Table IV),‘and hence it can be used for
evaluation of - Rg.3600,y by making use of the Eq. (Zj. In this sectio?,
we will outline the procedure used by us for the analysis of the simu~
lated SBUV/TOMS measurements along the local nadir, for the estimation
of the quantities Qel(best ozone estimatel), and RA {effective albedo).
.This procedure to be referred to as the SITDl procedure, is essentially
a modification of the SITC4 procedure discussed in the sixth paragraph
of §85.1. 1In turn, this SITC4-§roceduré wag obtained after inserting
three important modifications in the SITCl procedure outlined in §2.4.

We will therefore ask the reader to refer to the discussion of §2.4 when-

ever appropriate.

-Step I: Use the measured values. of Im(A, 8g) at A = 0.3600 and

. ] . . C
0.3800 ym for evaluating the coarse effective albedoes -RO.3600,1000
C

and RO.BSOO,IOOO’ ;gspect1ve§y by making use of the 1,000 mb tables for

the appropriate €g. The tables for Qin = 0.400 atm—cm are arbitrarily

. . , C
chosen f?r the- evaluation of the quantity R0.3600,1000

tion on the total ozone amount is available at this point. The ration-

as no informa-
ale behind the use of the 1,000 mb tables and for referring the gquanti-

ties computed with the help of Eq. (2) as the coarse effective albedoes

can be found in the discussion under the heading'"Step I'" in §2.4.
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Step II: Obtain values of Rg oo 2t A =0.3125, 0.3175, 0.3312,
>

and 0.3398 ym after a linear extrapolation of the Rg 1000 YS* A curve
>

C c )
obtained from values of R0.3800,1000 2™ Rg, 3600,1000°

¢ a
%, 1000 -
SC

‘%, 1000 for x=1 only if g < 79.6°, and for x = 2 for all values

Step I1I: Follow Step I1II of §2.4 to obtain values of @ d

Of eo-

Step IV: This Step is exactly identical to Step IV in §2.4.

Step V: TFollow Step V of §2.4 for obtaining values of the <mproved

effective qglbedo (R A = 0.3398, and 0.3600 uym. Then, obtain

T
X,1000% 2t

values of R; at A = 0.3125, 0.3175, and 0.3312 um wusing a
12,1000
quadratic extrapolation based ‘on the values of R; 1000 at A = (.3398,
2
I _.C
0.3600, and 0.3800 ym. (Nota that R0.3800,1000 = RO.BSOO,IOOO)'
Step VI: Repeat Step I1I above using values of Ri 1000 instead
- 2
of those for Rg 1000° We will then have wvalues of the quantities
y &
QI and SI for x =1, and 2.

x, 1000 x,1000

Step VII: Repeat Steps I through VI above by using the 400 mb

tables instead of the 1,000 mb tables. We will then have values of

C I ) . e c
RA,AOO and R1,400 at all six wavelengths, and of the quantities Qx,&OO
c . I I _ '
and Sx,400’ as well as QX,400 and Sx,400 for x =1, and 2:

Step VIIT: Determine values of the effective albedo EA by making

use of the following equation:

_ T I. _
R, = 0.5 [RA,IOOO * Ra,4oo] . (12)
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QI "QC
X,y ¥

given x,y combination. A zero value of Qi y implies that that par-

3

" Step IX: Set Qi to zero if

?

= 0,030 atm-cm for a

ticular value of Ri - is unavailable. At that time, the corresponding

3

value of the slope (Si y) is set to - 100.

Step X: This final step is for obtaining a value for the quantity

Qe, the best ozone estimate, from the computed values of Qi v for
>

x =1, and 2, and for v = 1,000, and 400 mb. The following paths are

taken depending upon the number of Qi y's carrying values greater than
= 3

Zeros

(i) All four values of Qi v are available, Select the first
3
I I I
89,1000 24 31 400 > 52,400°

If not, select the second wavelength pair.

I
wavel th ir only if 8§ >
veleng pa Y_l 1,1000

. I I .
{(ii) If only 91’1000 and 91’400 are available, then select the
first wavelength pair.

.o I I . ’
(}11) If only 92;1900 and 92’400 are available, then select the

second wavelength pair. - - -

(i) If the conditions listed under (i), (ii), or (iii) above are -

not satisfied, proceed as follows after assigning a zero value

4

. to Q@ =
e i
For R0.3398-S 0.2,
Q = Gre;tef of QI QI ‘ (13)
e 1,1000* “2,1000] °
For RO.3398 = 0.8,
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I I e
1,400° Q2,400]' ‘ (14)

Qe = Greater of [ﬂ
The zero value assigned to sze' remains unchanged for 0.2 <

Ry.339g < 0-8- e e

(v) If one of the conditions listed under (i), (ii), or (iii) above
is satisfied, determine the mean effective albedo ﬁli A for
>

the wavelength pair selected as follows:
RAi,Aj = (0.5 [Rli + RAj] . (15)

Ai = 0.3312 pm, and Aj = 00,3125 ym if the first wavelength is
selected; and Ai = 0.3398 ym and hj = 00,3175 ym 4if the sec~
ond wavelength pair is selected. Then, obtain a value for Qe

as follows:

- ol = :
2, = % 1000 for Ry Ay < 0.2, (16)
o =qf for R > 0.8 (17)
e “x,400 A Ay T 0 -
and for 0.2 < Fyy 34 < 0.8,
;Oﬁ'ihqksg miﬂ'“&zgl. 5
% =" 0.5 %,1000 T 0.6 x,400 ° (18)

6.2 Effective Albedo: From the outline of the procedure used for the
estimation of total ozone with the SBUV/TOMS configuration given in the
preceding section, we find that any real- or pseudo-dependence of the

effective albedo on wavelength will be brought forward by this analysis.
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In §5.2, we presented results to show that the BUV total-ozome estima-

tion procedure can introduce an artifiéial éééendenee of R on éo and
Qin’ and that values of R so computed can fall éutside the normal
range (0.0-1.0), In this section, we will present several typical ex-
amples to show that a pseudo dependence of R, vs. A can be exhibited

in the results of analysis made with the total-;;one estimation préce—
dure of 6.1, eﬁen when the simulated measurements are for an atmospheric

model resting on a Lambert surface whose reflectivity R is assumed to

be independent, of wavelength.

Let us consider the atmospheric model No. 2 (see Table III) resting
on a Lambert surface with a spectrally independent,reflectivity (R) of
0.1. This model has a surface pressure (Pp) of 1,000 mb, and a total
ozone content (Qin) of 0.200 atm—cm. We will further restrict our dis-
cdssion to the case when the sun is at 70° from the local zenith, i.e.,
8p = 70°. TFor this particular subcease, we find that the values of the
quanti?y Rf,lOOO faf A = 0.3125, 0,3175, 0.3312, 0.3398, 0.3600, and
0.3800 ym to be givem by 0.102, 0.102, 0,102, 0.101, 0.101, and 0.100,
respectively. A weak spectral dependence of the coarse albedo om A in
this-particular caée is due to the use of tables f;r 0.400 atm-cm total
ozone {(Step I of §6.1). This weak spectral'dependénce of the coarse
albedo on A is not reflected in the values of the improved effective
albedos which are calculated using the value of Rg,looo. We. find that

I

Rl 1000 = 0.100 for six éalues of A mentioned above. On the other
2

hand, use of the 400 mb tables léads to the following sets of values for
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C T c o ' gy
By 4000 24 By 400t By 4q0 = 0.334, 0.326, 0.306, 0.293, 0.263, 0.233
and RY = 0.356, 0.345, 0.315, 0.298, 0.263; .and 0.233 for A = 0.3125,

X, 400
0.3175, 0.3312, 0.3398, 0.3600, and 0.3800 um, reépectively. This pseudo

spectral &ependeﬁce cf.R§,400 on A is due‘té the use éf-tables for a
surface pressure differené froﬁ that of the model under investigationm.
From the results presented above, we see that the effective albedo given
Py Eq. (12) will also exhibit an artificial spectral dependence in this
particular case. éFor the six values of A ié the increasing order of

A, R, = 0.228, 0.2é2, 0.208, 0.199;.0.181,'and 0.167, respectively.)

A
For the atmospheric model No. 2 resting on a Lambert surface with
a spectrally independent* R of 0.8 and illuminated by the sun at 70°

from the local zenith, the above-mentioned pseudo-spectral dependence
of EA fon X is somewhat smaller in maénifﬁ&e than the R = 0.1 sub-

case discussed in the .preceding paragraph. For this latter case, values

A
are given by 0.798, 0.797, 0.795, 0.793, 0.791, and 0.789, respectively.

of R, at A= 0.3125, 0.3175, 0.3312, 0.3398, 0.3600, and 0.3800 um

ﬁe-will next consider the atmospheric model No; iﬁ with a spectral-
ly independent value of R of 0.1, and 6y = }O°. This model has a
surface pressure of 400 mb, bu; a total ozon? content (Qin) of 0.200
atm-cm when the ozone contents of the %elefed la&ers are accounted for

(Table III). The values of R for this particular subcase which is

A

similar to the subcase. discussed in the pen—ultimate paragraph except

for the difference in the surface pressure, are found to increase with

-

an increase in A.- EA = ~0,195, -0,173, -0,121, -0.092, -'0.038, and
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- 0.002 for X = 0.3125, 0.3175, 0.3312, 0.3398, 0.3600, and 0.3800 pm,

respectively.

6.3 Results jor the R-Independent-of-)\ Cases: In this section, we pro-
pose to compare values of the best ozone estimate (Qe) as obtained from
the SITC4 procedure described in §5.1 (analysis of the simulated BUV
measurements at five wavelengths), and from the SITD1 procedure deseribed
in §6.1 (analysis of the simulated SBUV/TOMS measurements at six wave-
lengths). This comparison will be carried out for the atmospheric models
‘E;:?ighroughli, and 13 through 22 (Table ITI) resting on a Lambert sur-
‘face whose reflectivity Rk is assumed to be independent of wavelength.
As mentioned earlier, the quantity Qe was evaluated for 10 different -
directions of illumination of an atmospheric model from above, and for 8

different values of the Lambert reflectivity of the surface underneath

the model,

Values of the deviation [A = 1,000 x (@_~@, )] for the atmospheric
modeis.Np. 6 and 17 with an average amount of total ozone (Qin = 0.400 _
atm—cm) aré given in Table XX and XXI, respectively, for.l0 different
values of -the parameter 0,, and 8 different values of the reflectivity
(R

A independent of A). Values of A as obtained with the different

procedures (viz, SITC4 and SITD1) are given in adjaceat columns.

For the atmospheric model with 1,000 mb surface pressure (Table XX),
values of the deviation A as obtained with the SITC4 and SITD1 are

practically the same for low (viz, R = 0.0, and 0.1), and high (viz,
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Table XX.

Values of the deviation {p = 1,000 x (Qe-gin)] for the atmo-

spheric model No. 6 as obtained using the SITC4 and SITDI

procedures.

Ground Reflectivity: Rl (= R) independent of .

Q.
in

= 0.400 atm-cm; Py = 1,000 mb.

R= 0.0 R=0.1 R=0.2 R=0.3
%0 SITC4 | SITD | SITC4 | STTPL | SITC4 | SITDL | SITC4 | SITDI
0.0 o 0 0 0 0 2 1 4
45.0° o 0 0 0 0 2 1 4
60.0 0 0 0 0 0 2 1 A
70.0 0 0 0 0 0 2 1 3
75.6 0 0 0 0 -1 1 0 3
. 79.6 0 0 0 - 0 0 1 0 3
82.5 0 0 0 0 0 1 1 2 .
84.7 0 0 0 0 0 1 1 3
86.7 0 0 0 0 0 2 0 4
90.0 0- 0 - 0 - 4 - 8
R = 0.4 R = 0.6 R=20.8" R = 1.0

%0 SITC4 | SITD1 | SITC4. | SITDL | SITc4 | SITDL | SITC4 | SITDI

0.0 4 8 15 17 28 28 33 33
45.0-| & 7 13 15 26 26 30 | 30
60.0 | 3 7 11 13 21 22 26 26
70.0 3 5 9 11 17 18 20 21
75.6 1 '5 6 9 14 15 16 17
79,6 1 4 5 10 13 12 15
82575 2 A 5 10 12 | 1 14
84.7 2 4 6 12 14 13 16
86.7 2 6 8 12 15 19 18 22
90.0-| - - 13 8 23 21 34 24 36
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Table XXI. Values of the deviation‘{&==1,000><(Qe-vﬂin)} for the atmo—
spheric model No. 17 as obtained using the SITC4 and SITDI1

procedures. &, = 0.400 atm-cm; Py = 400 mb.

Ground Reflectivity: RA (= R) independent of A.

R = 0.0 R = 0.1 R = 0.2 R = 0.3
80 SITC4 SITDT SITC4 SITD1 ;| SITC4 |.SITDL SITC4 SITD1
0.0 - 38 - 12 19 -1 4 -8
45,0 - 31 - 11 16 -1 4 -7
60.0 N X S - 9 12 |0 3 -6
70.0 - 12 |- - | & 6 -1 0 -5
75.6 - 11 .- 3 0 -2 -2 -5
79.6 - 3 - -1 13 -3 6 -4
82.5 - 1 - 7| -2 10 -3 3 -4
84.7 - 1 - -1 11 -3 4 ~4
86.7 - 4 - -1 - ~4 10 -6
90.0 - - - -3 - -11 - -1 ~-16
. R = 0.4 R = 0.6 R = 0.8 R = 1.0
90 ‘STTC4 | SITD1 SiTC4 SITD1 SITCh SITD1 SITCA SITDL
0.0 | -4 ~10 -7 | -8 0" 0 0 0
45.0 | =3 ~9 -6. -7 0 0 0 0
60.0 | -3 -8 -5, -6 0 0 0 0
70.0 - =3 -6 -4 -4 0 0 0 0
75.6 | -3 -5 -3 -3 0 0 0 0
79.6 o | -5 | -2 -3 0 0 0 0
82,5 | -t -4 2 | =3 | o 0 0 0
84,7 -1 -4 -2 -3 (4] 0 0 0
86.7 1 -6 e A 0 0 0 0
90.0 - -15 -3 | -9 0 0 _ 0 0
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R = 0.8, and 1.0) vélﬁeé of thé-pérameﬁer R. - For the intermediafe
values of the Lambert reflectivity of the surface underlying the model,
the deviation for a given 65, R combination as obtained with the
éITDl procedure, is significantly greater thaﬁ théé obtained with the
SITC4 procedure. It may be noted that it is possible to evaluéte. Qe
for four subecases (85 = 90°, R = 0.1, 0.2, 0.3, and 0.4) with the SITDL
procedure, but not with SITC4. The mean wvalues of Qe wheré the means
are taken over all 8 values of R, and over 2ll 10 values of 6y for

which an ﬁe is available, is 0.406 atm—cm and 0.409 atm~cm for the

SITC4 and SITD1 procedures, respectively. Similar-analysis of re—
sults for the models with 1,000 mb surface pressure suggests that the
SITD1 procedure tends to over-estimate the total ozone éf an atmospheric
column by a significant amount when its resultsvare compared with those

obtained with the SITC4 procedure.

For the atmospheric model with 400 mb surface pressure (Table XXI),
we find that the use'af the STTD1 procedure resulis in the recovery of
'meaningful values for tye quantity Qe for several subcases which were
previously dééiaréd "undeterminableh by the SITCA proéedure. For the
models with low surface pressures, the SITD1 procedure has a tendency

of over—estimating the total ozone amounts.at low values of R, but of

under-estimating them at intermediate values of R,

Mean values of the best ozone estimate as obtained with the SITGC4
and SITD1 procedures and where a mean for a given atmospheric model is

taken over all available wvalues bf Qe (10 values of 83, and 8 values
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éf R); are given in Table XXII for. the models:No;.Z through 11; and

13 through 22. Results presented in this table support our findings of
the preceding two paragraphs. Mean values of Qé' as obtained with the
SITDI procedure are significantly greéter (éhaller) than those obtained
with the SITC4 procedure for the models with 1,000 (400) mb surface
pressure., Comparison of the grand means taken. over a maximum of 160
subcases (2 values of Py X 10 values of 8 x 8 values bf R: results
presented in columns 4 and 7 of Table XXII} suggests that, on the aver-
age, the SiTDl procedure tends to provide results of éomewhat better
quality than the other procedure especially if ﬂin is small:. How-
ever, this statément should not be construed to iﬁply any superiority
of the SITDl procedufe over the SITC4 procedure. A more realiétic in—-
terpretation of the results presented in Tables XX, XXI, and XXII will
be as follows: Errors_in the values of the best ozone estimate (Qe) as.
obtained with the SITC4 and SITD] procedures, are of the same magnitude
for all practical pﬁrﬁoses. The distribution‘of this error amongst
vglﬁes of_ Qe for variovs subcases of a given wmodel, depends signifi- -

cantly on the procedure used,

6.4 Results for éﬁe Cases Qith R dependent upon A: 1In §5.3, we
pregeptd@ﬂggéﬁi?ﬁ{fgr the analysis of the simulated BUV measurements
for the atmosphéfic models resting on a Lambert surface whose reflec-
tivity CRX) is varied with wavelength. Tﬂese results were presentea

for three distinct types of simulated reflection'characteristics. The

first .(second) type of characteristics represents surfaces whose Lambert
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Table XXIT,

Mean values (mean over a maximum of 80 subecases; 10 values

of ©6p, and 8 values of R) of the besi ozone estimate for

atmospheric models with a given surface pressure (Pp; in

mb}, and a given amount of ozone (Qin in atme-cm).

Mean Qe {atm~cm)
R PROCEDURE USED: SITCA PROCEDURE USED: SITDL

atm—-¢cm

Pg = 1000 wh|Bg = 400 wb |35 OF CO18-1p; = 1000 mb|Py = 400 wb| ™% of cols-
0.200|  0.203 0,207 0.205 0.204 0.202 0.203
0.250 |  0.254 0.256 0.255- 0.256 . 0.252 0.254
0.300|  0.305 0.304 0.305 0.307 0.301 0. 304
0.350  0.356 0.352 0.354 0.358 0.350 0.354
0.400 | 0.406 o.4oi 0.464 0.409 0.399 0.403
0.450 |  0.458 1 0.450 0.454 0.460 0.448 0.454
0.500 ] 0.509 0.499 0.504 0.512 0.496 0.504
0.550 | 0.560 0.548 0.554 0.563 0.545 0.554
0.600 | 0.611 0.598 0.604 0.613 0.593 0.603
0.650 | 0.650 0. 646 0.648 - 0.640 -
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reflectivity increases (decreases) with an increase of wavelength, and
is represented by the curves A, B, and C (D, E, and‘F) of Fig., 8. The
third type of characteristics represents surfaces whose Rl vsS. A curve
has either a maximum (curve G}, or a minimum (curve H) in the middle of
the spectral region of interest, viz, 0.3100-0.3800 um. These results
were obtained using two different procedures named SITC6 and SITC8. We
concluded that, on the average, results obtained with the SITC8 proce—

dure are of somewhat better quality than those obtained with the SITC6

procedure, ’

In order to investigate the effect of the spectrally-dependent Lam~
bert reflectivity on the‘best ogone estimate value (Qe) obtained with
the SITD1 procedure specially-developed for the‘analysis of the simu-
lated SBUV/TOMS observations (86.1), .the program of the SITDL procedure
was modified to handle cases for Which the Lambert reflectivity of the
surface underlying the atmospheric model can be an arbitrary function
of wavelength. This modified version of SITD] will be called SITD2.
Atmospheric models ¥No. 2 through 11, and 13 through 22 (Table III) were

again used to obtain values of @ and R, at six wavelengths for 10

A

different values of 6 listed earlier, and 8 different RA vS. A

curves of Fig. 8.

For brevity, we will again restrict our discussion to a mean value
of Qe where this mean is taken over a maximum of 20 subcases for a
given value of the input ozone amount (Qin), but for 10 wvalues of 6,

and 2 values of the surface pressure (Py). It should be again pointed
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out that the analysis of results presented in this subsection is, by no

v
1 .

means, complete. Other additional aspects which should be looked into,
are the maximum, mean, and R.M.S. déviation-of ﬁ; around its mean val-
ue. The deviation [1000-x (Qe-Qin)] will be found to depend very éig-
nificantly on various input parameters such as Qin’ 8gs Pp, and R, vs. A

A

characteristics.

From the results presented in Table XXIII for thé models resting on
" a Lambert surface whose £eflectivity increases with an increase of‘wavej :
lgngth, it can be seen ;hat the availability of the additional measure-
ment at 0.3600 ym (i.e., the use of SITDZ procedure in the pl;ce of
SITC8) results in a very significant increase in the number of subcases
for which a value of Q; can.be evaluated. Mean values of Qe obtained
’ with the SITD2 procedure are nearer to the corresponding values of Qin
when compared to those éﬁtained with the SITC8 procedure. This improve-
ment is in the right direction but probably not of the expected magni-
tude. Since. Rl is a linear function of A and as the new estimation
procedure kSITD2) simg;ates this trend very accurately, one would expect -
Qin and the corresponding mean Qe for the SITD2 procedﬁre to be exact-"
ly equal. We found that the absolute-difference between the individual
values of Qe and Qin not to exceed 0,003 atm-cm :for all models with

Py = 1,000 mb, and 8, < 86.7°. For Py = 1,000 mb models, the quantity
|2, - szinl exceeded 0,003 atm-cm limit only six times, and exceeded 0.005
atm-cm limit only twice. It was never observed to exceed 0.009 atm-cm

value. Thus; most of the differences between the mean Qe of SITDZ and .
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Table XXIIT.

Number of subcases for which the best ozone estimate (Qe)

could be evaluated out of a maximum of 20 subcases (10

values of 645, and 2 values of Po)wfor a given input ozone

amount (Q_n),.and the corresponding mean Qe for these

i

subcases as ohtained with the SITC8 and SITD2 procedures,

Ground Reflectiviry: R1 is assumed to increase linearly

_with an increase of A (curvegvA, B, and C of Fig. 8)..

Number of subcases for which Qe could he evaluated.

0 Ref. Curve A Ref. Curve B Ref. Curve C
in -
atmecm SITCS STTD?2 SITC8 SITD2 | SITCS SITD2
0.200 17 20 17 20 15 19
0.250 17 20 15 20. 13 20
0. 300 15 20 12 20 8 20
0.350 10 20 9 20 8 20
0-. 400 9 20 8 20 5 20
0.450 9 20 8 20 0 20
0.500 8 19 7 19 0 19
0.550 7 18 6 18 0 18
0.600 7 - 16 5 16 0 16
Corresponding value of mean Qe in atm-cm,
0.200 g.211 0.204 0.214 0.205 0.221 0.208
.0.250 0.262 0.255 0.264 0.256 0.272 0.260
0.300 0.312 } 0.304 ~0.311 ©0.305 0:315 -0.309
0.350 0.362. 0.353 0.357 0.354 0.367 0.358
0.400 0.405 .0.402 0.408 0.405 0.417 0.409
. 0,450 0.455 0.452 0.458 0.454 - 0.459
.0.500 0.505 0.501 0.509 .0.503 - 0.508
0.550 . 0.555 0.550 0.559 0.552 - 0.557
0.600 0.606 0.600 0.608 0.602 - 0.606
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‘cbrresponding. Qm in Table XXIIT are due to signi‘ficant differences
between the individual values of .Qe and Qin for t“he models with 400
mb sgrface pressure. The reason for the over—estiination of Qe for
the 400 mb models is that the co—rresponding i)\ values are ‘very small

{< 0.2), and hence the estimation procedure favors the value of 9‘};,1000

over that of Sli 400" It should be added that a subcasé which ig dis—

3
carded by the SITC8 procedure but is accepted by the SITDZ procedure,
generally carries a large value for the difference, ﬂe-ﬂin. As for
example, for the model No. 13 resting on a Lambert surface having the

reflectivity curve C of Fig. 8, and illuminated by the sun at local zen-

ith, @ -q. = 0.037 atm-cm.
) e Tin

Results presented in fabie XXIV for the models resting on a Lambgrt
surf.acehwhose reflectivity decreases with an increase of the wavelength,
also show a very significant‘ing:rease in the number of cases for which
Qe could be eva;luated with the SITD2 procedure. The differences be-
tween the mean Qe and the corresponding value of Qin are very small
"for this second type of surfaces compared to those for the first type
of surfat;es. For the atmospheric models resting on Lambert surfaces
with -their spectral-reflectivity decreasing with an increase of wave-
length, we- found the total ozoﬁe content of the column to be over—-esti-
mated for the models with 1,000 mb surface pressure, 'and_to be under-
estimated for theose with 400 mb surface pressure. The magnitude of the
over-estimation and under-estimation are practically equal for a given
Qin’ especially for the models resting on a surface with its R, wvs. A

A

variation represented by the curve F of Fig. 8
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Table XXIV. WNumber of subcases for which .the best.ozone estimate (Qe)

1}
could be evaluated out of a maximum of 20 subcases (10

values of 8;, and 2 values of P;) for a given input ozone
amount (Qin), and the corresponding mean Qe for these

subcases as obtained with the SITC8 and SITD2 procedures.

Ground Reflectivity: Rl is assumed to decrease linearly

with an increase of A (curves D, E, and F of Fig. 8).

Number 6f’sdﬁcases for-which _5;" could be evaluated.

Q Ref. Curve D Ref, Curve E Ref., Curve T

in
atm-cm SITCS SITD2 SITCS SITD2 SITGS SITD2
0.200 20 20 20 20 " 18 20
0.250 20 20 20 20 18 20
0.300 20 20 18 20 17 20
0.350 19 20 18 .20 13 20
0.400 18 20 16 20 4 20
0.450 18 20 14 20 - 0 20
0.500 16 20 | . 12 20 . 0 20
0.550 14 20 12 20 0 20
0.600 13 19 10 19 0 19

Corresponding value of mean Qe in atm—-cm.

0.200 0.196 0.201 0.192 0.201 0,180 *| . 0,200
0.250 0.247 0.252 0.243 0.252 |  0.231 0.251
0.300 0.297 .0.302 0.293 "0.302 0.278 0.300 -
0.350 0.347 0.353 0.343 0.352 0.324 0.350
0.400 0.397 0.403 0.392 0.403 0.381 0.401
0.450 0.446 0.454 0.442 0.453 - | o0.451
"0.500 0.497 0.504 0.491 0.503 - 0.501
0.550 0.547 0.555 0.541 0.554 - 0.550
0.600 0.597 0.604 0.591 0.603 - 0.600
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When the RA ve. A curves of the Lambert surfgce underlying an
atmospheric model exhibit a strong ﬁaximum or a min;mum*in the mid&le'of :
the spectral region of interest, use of the SITD2 procedure results in a
gignificant inerease (decrease) in the number of ‘subcases for which Qe
could be evéluated provided Qin is large (small). However, an incréase
in the number of subcases for which the Qe is recovered is also gener—
al;y associated wit@ a very significant under-estimation of mean Qe for
.models with surface having its RA VS. A Yariation represented by thg
curve H of Fig, 8. As for example, for Qin = 0.500 atm~-cm, the va}ue
of the mean Qe = 0.424 atm-cm. This under-estimation was generally
found to be very large at large values of #6j. As for example, for the
atmospheric model No. 18 resting on a Lambert surface with the curve H
type reflectivi;&, we found the dévia?ion (Ai £5 be - 58, - 44, - 28, -63,
- 53, -50, ~54, -70, and - 131 units for the values of 83 given by
8y = 45°, 60°, 70°, 75.6°, 79.6°, 82.5°, 84,7°, 86.7°, and 90°, respec-
tiﬁély. Thus, we may conclude that tﬁe use éf SiTDZ procedure leads to
better values of Qe. coﬁpared to those cobtained with SITC8 procedure
provided the spectral reflectivity of the surface underlying the atmo-
sphere increases or decreases linearly with the wavelength. For surfaces

with other .types of characteristics, results are of mixed quality, in-—

deed.

6.5 Recommendations: A procedure. for the estimation of total-ozome in
an' atmospheric column using measurements at six wavelengths (SBUV/TOMS

-

configuration) was outlined in §6.1. This procedure referred to as the
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Table XXV. Number of subcases for which the best ozone estimate (Qe)
could be evaluated out of a maximum of 20 subcases (10
values of 83, and 2 values of ©Py) for a given iﬁput.ozone

amount (Qin), and the corresponding mean Qe for these sub-

cases as obtained with the SITC8 and SITD2 procedures.

Ground Reflectivity: Variations of RA vs. A used for

these results are as shown by the curves G and H of Fig. 8.

Number of .subcases for which Qé could be evaluated.

Ref. Curve G Ref. Curve H
Qin
atm-cm | . greg SITD2 SITC8 SITD2
0.200 15 4 15 8
0.250 7 4 14 9
0.300 5 3 9 9
0.350 0 - 5 6 10
" 0.400 0 5 4 9
0.450 0 6 0 10
0.500 0 7 . 0 8
0.530 0 9 0 11
0.600 0 5 0 8

Corresponding values of mean Qe in atm-cm,

- 0.200 0.231 0.208 0.173 0.181
0.250 0.275 0.259 0.226 0.233
0.300 | 0.325 0.306 0.275 0.280
0. 350 - 0.358 0.329 | 0.328
0.400 - 0. 404 0.376 0.375
0.450 - 0.450 - 0.418
0.500 - 0.519 - 0.424
0.550 - 0.576 - 0.502
0.600 - 0.613 - 0.549
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SITD! procedure (SITD2 procedure if the simulated measurements are for
the atmospheric models resting on a Lambéft surfaceawith ;pectraily de-
‘pendent reflectivity) contains recommendations I, III, and IV (§5.6) for
.a better analysis of the BUV measurements (i.e., the procedure SITC4 of
§5.1) .which are made at five wavelengths onlf; Besides, the additional

measurement at C.3600 ym is used in the SITD1 procedure for obtaining
 values of the coarse and Zmproved effective albedoes at shorter wave-
'lengths by extrapolation of the Ri,y vs. A curves on the longer wave-
length region. Results obtained with the analysis of simulated measuéé—
ments for the five, and six wavelength configurations, were compared in ‘
§6.2, §6.3, and 86.4. The following recommendations are based on the
aforementioned analysis.

' Recormendation I: The SITDI procedure should be modified for com-

I

puting values of Rl » at A = 0;3125, 0.3175, and 0.3312 uym wusing a
. >

linear extrapolation procedu;e in the place of the ‘current guadraic ex—
trapolation procedute tStep'V of‘géti). Values of Qe obtained with
such a modified procedure should be compared with the corresponding val-
ues of Qe obtained with the orig;pal procedure for all types of models .
digcussed in §6.3 and §6.4. This additional test can assist in improv—
ing the poor quality of Qe values for the. atnospheric models £esting

3

on surfaces with their R, vs. A characteristics represented by curve

H of Fig. 8 (see last paragraph of §6.4).

Recommendation II: TFor the SBUV/TOMS configurations, plans are

made for obtaining the best ozone estimate values from the -analysis of
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measurements of intensity along‘directions making some .angle with the
local nadir-direction. Sufficient evidence is pre;éntéd in the preced~:
ing sections to demonstrate the unexpected (and probably unpredictable)
nature of the errors in Qe due to .absence of any informatioﬂ on the
surface pressure, and on the spectral dependence of the surface reflec-
tivity at the place and time of observation. We therefore recommend

that the analysis of the‘pype outlined in the preceding sections, should

also be carried for several additional directions of observation.

Recommendation IIT: Appropriate versions of the Recommendations
Ii, V, VI, and VIL given in §5.6 should also be included for the analy-
sis of actual SBUV/TOMS observations for the estimation of'total ozone

in an atmospheric column.

Recommendation IV: It is. recommended that an.extensive analysis of
selected SBUV/TOMS data for which.aﬁproximate coincidences of the highly
reliable ground—truth measurements of total ozone are available, be car—
-ried out. Attempts should be made to encompass as many different situa-
tions as possible for this selected study. The analysis of the entire

SBUV/TOMS data must await results of such a detailed study.

VIL. CONCLUSION-

The: procedure for estimation of total ozone in an atmospheric col-
umny from the measurements: of the ultraviclet radiation back-scattered

along the local nadir direction by the earth-atmosphere system, makes
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‘use of a quahtity called Nc Whicﬁ is'prépoftionai totthe 16garithm—of
the ratio of intensities at‘two_wavélengths. Oneféf these wavelengths
is located in t?e spectral region of moderate absorption by ozone, while
the othef is located in the region of weak absorption: This quantity
given by Eq. (4), is a function of the wavelength ﬁair used, of the
amount of ozone in the atmospheric column, zenith angle of the sun, re-
flectivity of_the underlying surface, and of.the surface pressure at the
bottom of the atmospheric column defined by the ground or the top of the
éloud layer. Variations of Nc as a func£i0n of the vaéious paramet;rs

listed above, and computed for models of the terrestrial atmosphere free

of aerosols, water droplets, and snow crystals are discussed in §4.

The total-ozone estimatiaﬁ procedure currently being used at NASA/
GSFC for the analysis of BUV measurements'was modified for the analysis
of simulated measurements of intehsity. ?hi; modified total-ozone esti-
mation procedure is described in §2.4. The original as well as the
modifiea procedures attempt to estimate total ozome content of an atmo-
spheric column (calied the best ozone estimate) from the measurements of
intensities at wavelength pairs for which tab;es'éf the quantity NC
are available, from a knowledge of the solar zenith angle at the place
and time of observation, and from the knowledge of the so-called effec—
éive albedo based on measurements of intensities in the adjacent spectral
regions with little or no absorption by ozone. No- information 'is avail-
able about the surface pressure, and actu;l reflectivities of the under-

lying surface at various wavelengths of interest. Comparison of the
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numerical results obtained from the analysis of simulated‘meééu;ements
at five wavelengths (BUV configuration) using the‘;riginal procedure
and several modifications to it.based on the findings of 84, is made in
'§5.1 through §5.5. This comparison then culminates iﬁto a set of recom-

mendations (§5.6) which are too numerous to be summarized here.

The experience gained during the investigation reported ?n §5 is
then used to set up an estimation prpcedure for total ozone with the
'SBﬁV/TOMS coﬁfigurapion where one a@ditiongl measurement of intensity
is also available (§6.1). Results obtained with the final vérsion of
thé procedﬁre for the BUV' configuration, and with the procedure for the
SBUV/TOMS configuration are compared in §6.2,. §6.3, and §6.4. Recom~

mendations which can assist in improving the quality of ozone values

obtained with the procedure described in §6.1, are then outlined in §6.5.

Analysis presented in this éarticular'report is for the so-called
Rayleigh~, or molecular-scattering models of the terrestrial atmosphere.
In other words, these models are assumed to be freg_of any barticles
comparable to, or larger than, the wavelengthe of the electromagnetic
radiation specified for measurements. Analysis of numerical results
for atmospheric models containing spherical polydispefsions of anWP.
characteristics, will be the subject matter of thé final repo;t with

the same title as‘ this one.
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APPENDIX A

A.l Desc@iption of %he P?ograw: In 2.4, §5.1, §5.3, §6.1, and §6.4,
we mentioned several programs (SITCl,:SITCZ, S§ITC3, SITC4, éITCG, SITCH,
SITD1, and SITD2) for estimating total ozone from the simulated measure—
ments of the intensity of the scattered radiation emerging at the top

of an atmospheric model along the leocal nadir direction. These proce-
dures are arrived at after carrying out minor changes. (from the program-—
miﬁg considerations) in a basic program, i.e., SITCl. We will there-
fore describe only one program {(viz, SITC4), in great detail, in this
section; The listing of thg_FORTRAN statements, and printout for a test
run with simulated‘megshremeﬁtg fér one atmospheric model are .given in
BA.2 aﬁd ALQ} respe;tively. rThe subroutine OMESLO which is being

called by aii‘giggrams, %ill ﬁe desgribed first. In Table A.I, we have
given mathematical equivalence as aﬁﬁéaring in the text and/or defini-
tions of important variables appearing in the éubroutine OMESLO, and

the calling program SITC4.

Subroutine OMESLO: The function of this subroutine is to return
values of the quantities Qi and Si ¥ for a given value of 83, and
> L

for the stated values of the subscripts x and y, as well as the super-

script Z. It has 1l arguments and contzins 66 statements.

The first three arguments (viz, EIC, TIC, and SBAR) are for speci-
fying locations for the quantities IC(A, Qin,Po, RA==0.0,80), T;(A,.

Qin,PO,BO), and §(A,Qin,P0) defined in §2.2. These are essentially
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Table A.I Variables appearing in the subroutine OMESLO, and program

SITC4 and their mathematical equivalence or definitdion.

Variable Equivalence or Definition

A Variable for reading in values of Ic(A, Qs Py, RA =0.0,
8, 8g) for a given model defined by the parameters Q
and Pp. These values are available on thé disc (Data
File No. 168) for 18 values of &, for 10 wvalues of

8g, and for 6 different wavelengths. See Tl and 92

of §2.2 for the definition.

ALBD Ri - vector called by the subroutine OMESLO. Z = C
]
or T (see Steps.I, II, and V of §2.4). y = 1,000 mb
or 400 mb.
ALDA *° - | Wavelength A.
B Variable for reading in values of T_(}, Q, Pg, 8, 69)

for a given model. See 1 and 12 of §2.2, and also

_the definition of the quantity A above.

BEST Best ozone estimate, Qe; Eqs. (9), (10), and (11).

C Variable for reading in values of §(A, 2, Pg) for a
given model. See Wl and 12 of §2.2, and also the

definition of the quantity A above.

DEV Q -0
e
EFFALC RS y; coarse effective albedo at the wavelength A
b ] .

obtained by using vy mb pressure tables; see Step 1
and II of §2.4.

108



Pable A.I, cont'd.

Variable Equivalence or Definition
EFFALI Ri = improved effective albedo; see EFFALC.
>
EIC Ic()\, Qin’ Pgs RA=0'0’ 8y9) for 6 values of A, 20

basic atmospheric models [the first (second) 10 val-
ues of the second subscript of EIC for 10 increasing
values of @ , but for Pg = 1,000 (400) mb], and
10 values of 64 (the last subscript of EIC).

EIM L (A, 8p); 52.4.

IGRP Parameter representing the ground pressure value for
the basic tables; IGRP = 1, and 2 for Py = 1,000,
and 400 mb, respectively.

ISLT Parameter selecting the wavelength (or wavelength

pair) to be used for the next set of computations.

LAMI,.LAMZ Parameters for selecting individual wavelengths of a

pair; see Eq. (4) and the statement No. SITC 11,

NMOD Model number for which values of Re and R are to

be obtained.

NTHETO Serial number of the subscript of the parameter 8y
(THETC) ; see the statement No. SITC 10.

OMEGA Total ozone amount, Qi v for Z=C, or I3 x =1, or
3
2, and v = 1,000, or 400 mb.

CMEGC QC ; see Step III of §2.4.
X,y

OMEGIT QI ; see Step VI of §2.4.
X,y
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Table A.I, cont'd.

Variable Equivalence or Definition
CMEGIN Qin; see the second paragraph following Eq. (1).
RAT Nc given by Eq. (4); for a given wavelength pair,
and given values of the parameters Pj and 6.
RATM N ; see Eq. ).
REF R; Lambert reflectivity of the surface underlying the
atmospheric model.
SBAR §(l,ﬂin,Pg) for 6 values of XA, and 20 basic atmo-
spheric models (see definition of EIC).
SLOPE SZ' ; see Eq. (6).
x,y’
SLEC SC 3 see Step ITI of §2.4.
X,y
SLPIL gF 5 see Step VI of §2.4.
X,y
STALB ) R summed over all values of 8y for a given value

TEMA, TEMB, TEMC

THETO

TIiC

TITB .

of R (quantity REF above); see Eq. (12).
Temporary variables.
8p;s solar zenith angle.

Tc(l,ﬂin,Pg, 8g) for 6 walues of A, 20 basic.atmo-
spheric models (see definition of EIC), and 10 wvalues
of Bp-

Title information.
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the basic tébles of these_dﬁantities for six different values of wave-
lengths used in the SBUV/TOMS coqfiguration_(only five for the BUV con-
figuration), ten atmospheric models with Pp = 1,000 ﬁb‘and the next ten
models with Py = 400 mb, and for ten different values of the solar zen-
ith angle. The input ozone amounts.for these models are those listed in

Table III; models No. 1 and 12 are not to be included.

The next two argume#t; (viz, LAM1 and LAM2) spe;ify wavelengths li
and Aj for which the measﬁ%ements of Im(k, 8g9) are to be analyzed for
obtaining values of Qi,y and Si,y' The sixth argument (NTHETO) is for
specifying one of the ten preselected (statement No. SITC 10) values of
the solar genith«angle, 60.. The séventh argument (ALBD) carries values
for the qugntit%gé. in and Rij to Pe used in éﬁmputations of ‘N;
éiven by ﬁq;’kﬁ). Thé-éighth éréuﬁént_ iéRP =1 .%f i,OOO mb_téble;‘are
to be used, and = 2 for the use of 400 mb tables. Values of Im(A,eo)
for six wavelengths, but for a given value of, 60 are available in thg
locations specified by EIM, while-computed values of Qi,y and Si,y _are

returned in locations marked OMEGA and SLOPE, respectively.

Statements No. OMESL 3 through 41 contain comments, a format state-
ment, a dimension statement, and a data (Qin) initialization statement.
The quantity Nm(li, Aj;eo) given by Egq. (5) is computed at the end of

successful execution of statement No. OMESL 4Z.
The DO LOOP 200 contained between the statements No. OMESL 43

through 56 is for computations of values of the quantity Nc for all

ten values of Qin’ but for the given values of the parameters Ai,.l.,

J
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Ryij» Rass €0, and Po. The quantity N = is set to ~999.99 (OMESL 55)

3’ .
under an unlikely condition of finding a very small (< 10719y value for

the computed intensity, IC(OMESL 49). An appropriate message (OMESL 53

and 54) is also printed out at the terminal.

;Statements contained in the DO LOOP 300 (OMESL 57 through 62) are

then executed for computing values of Qi (OMEGA) , and Si . (SLOPE)
I - - 3

by making use of the procedure butliﬁéd in §82.3. The quantity QC is

X,y
computed by backward extrapelation if a given value of Nm is less than

3

-%

the first computed value of Nc which is for Qin = 0.200 atm-cm. The
gquantities OMEGA and SLOPE are set to 0.0, and - 100.0, respectively
when a given value of Nm is greater than the last computed value of

Nc which is for Qin = 0.650 atm—cm (OMESL 63 and 64).

Program‘SIT04: This program-contains a total of 235 statements. .
Statements No. SITC 1 ;hroqgh 15 contain comment cards, dimension state-
ments, and data initialization statement. Further information about the
DEFINE FILE 16 sfatement (SITC 135 can be found on page No. 55 of the
Technical Report: I of this contract. The first 22 records of this
data set contains values of Ic’ Tc’ § for 22 atmospheric models listed

in Table III.

The input to this program is the values of Ic’ Tc’ and § for the
22 atmospheric models listed in Table I1I, and also for the atmospheric
model (NMOD, see SITEC 615 for which values of the best ozone estimate
(Qe) and effective albedo (R) are to be computed for 10 values of 8

{SITC 10}, and 8 values of R (SITC 12). A given record on the data-set
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No. 16 contains 14 words of the title information describing the atmo-
spheric model for which values of Ic and Tc are available for 18 val-

ues of 6 -and 10 values of 8pj, and of Ic’ Tc’ and 5 Ffor 6 wavelengths.

The function of the part of the program conéained between the state-
ments SITC 40 through 59 is to read im data for 20 atﬁospheric models
with non—-zero ozone content (Table III), and to store the part of these.
data required for future.use in ;ppropriate locations. It should be
noted that only values of ic and Tc along the nadir direction [i.e.;

8 = 0°; or A(l, N, L) and B(l, N, L)] aré stored; values of these quanti-
ties in the remgining 17 directions are discarded. At the end of a
successful %xecution offthié part 6f the program, values ;f Ic, Tc, gpd
5 for th;'.L—ty:hwavéiength,:fAr‘the J-th atmospheric model, and for
the N—th-vaiﬁe3$f- 8o (noé“fof §)‘can b; fdund in the location
EIC(L, J1, N), TIC(L, J1, N},  and SBAR(ﬁ,.fl), respectively, where. K Jl =

J-1- for 1,000 mb models, and J1 = J-2 for 400 mb models.

The next input to the program (value of the parameter NMOD; the
atmospheric model number for which the primtout is desired) is in a con-
versational mode (aé a terminal) under VM/CMS. Execution of the state-
ment No. SITC 60 leads to the appearance of the.following message at thé

terminal:

MODEL NUMBER PLEASE?

7

A value for NMOD can then be typed and entered. This value is then read
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in as the value of the quantity NMOD during execution of statement No.

61.

The program is terminated if the value of the parameter NMOD read
in is less than, or equal to, zero (SITC 62). TFor values of NMOD great-
er than zero, the quantities ﬂe and R are evaluated and printed out
for all ten values of 6; and a given .R, during the execution of the
450 DO LOOP (SITC 71 through 227), and then this: process is repeated
for the remaining values of R (500 DO LOOP; SITC 67 through 230). In-
formation about the atmospheric model under study is printed out before

entering the DO LOOP 500 (SITC 64 through 66).

For-a given atmoépheric modei NMOD, and a given value of refleéti-
vity [REf(I)] as well.as of fhe solar zenith aﬁglé [THETO(N)], values of
Im(l, egi fof éll six wvalues oé i are computed during the execution of
the statements contained be;ween the statements_numbered SITC 75 and 77,
by making use of Eq. (l). Computed value of Im(0.3800,80) is then
used for computations of the quanfity RC

(0.3800,1000
using 1,000 mb (IGRP=1) tables, [Note that 0.3800 ym radiation is un-

IEqs. (2) and ()]

affected by ozone absorption. Thus, values of EIC(6, IT,N), TIC(6, LT, N),
and SBAR(6, IT) are the same for all values of thé subscript IT in the
range 1 through 10.], and Egs. (2) and (3). Statements in the 158 PO

LOOP (SITC 87 through 89) are then used to assign the value of

c C i . .
R0.3800,1000 to RK,lOOO at the remaining five wavelengths (Step II of
§2.4).
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The section - -of the program contained between the statements No.

SITC 97 and 108 is then used for computing values of QC 1000

SC for x =1, and 2 [computations for the first pair (x=1) are

x, 1000

carried out only if 8y < 79.6°]. The quantity o is set to
x,1000

" zero, and the quantity Sg 1600 is set to - 100 for 'cases for which it
3

is not possible to evaluate ﬂc (Step III of §2.4). Computations

x, 1000
C c . , .
of 9x,1000 and SX 1000 2&re performed by calling the subroutine OMESLO,
C

and after using the values of R (EFFALC) .

X, 1000
C _ I

If Qx,lOOO =0 fo; x=1and 2, i.e., none of the ozone wvalues

is available at stage SITC 109, it is not possible to proceed with com-

I N X I

7! and 5

putatiohs ef: RA,IOOO" x, 1000 x, 1000 using Steps IV and V of

§2.4. -Under such cireumstaﬁces, we assign appropriate values to these
quantitiesrﬂeﬁ&.transfer control to statement No. SITG 169. If ome or
both values of Rz 1000 @re eyailaﬁle, one of the pairs (i.e., param-
1
. . I .-
eter ISLT) is selected for eomputetlons oﬁ R0.3398,1000 dureng exece-

tion of the statements No. SITC .118, 119, and 120.

The part of the program contained between statements-No. SITC 127

through 150 is for computatioms of the improved effective albedo repre-
I

senFed by the symbol Rl,lOOO

of §2.4. The parameter JE is assigned a value between 1 and 10 (11

using the procedure outlined in Step Vv

and 20) if the set of computations are to be performad with l 000 (400)

1 1
mb tables. Values of Q ,1000 and SX,1000

the execution of statements No. SITC 157 through 168. This. latter part

are then obtained during

of the program is identical to that contained between statements No.
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SITC 97 through 108, except that values of EFFALI are used in the ﬁlace

of those for the quantity EFFALC.

A second pass through the part of the prograﬁ contained between
SETC 84 and SITC 169 is then made for computations of various quantities
listed in Step VII of §2.4. Since this second pass is for computations
with the 400 mb tables, parameters IGRP and IT are set to 2 and to 1l,

respectively (SITC 170 through 173).

Statements SITC 178 through 185 are used for satisfying the- con-
straint described under SITC3 in §5.1. Values of Qe and R are then
obtained following Step IX of 52.4 by executing statements No. SITC 186

through 221.

For tomﬁuté£ions for a given value of the La@berﬁ reflectivity of’
the underlying surface (variable I‘df the DO LOOP 500), a summation of
R for all ten values of 8y is accumulated at the locatiom STALB(I).
Mean wvalues of E for each of thé eight valu;s of R are p?inted out‘

" after completing all work for the atmospheric model, NMOD.
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A.2 Listing of the FORTRAN Statements:
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OO0

10

PROGRAM FOR ESTIMATING TOTAL OZONE FROM SIMULATED OBSERVAYIONS
IN THE NADIR DIRECTION FOR THE NIMBUS — 4 CONFIGURATION«...

REAL * 4 TITB{14),A(18,10561,8(18:;10461,C(6)sREF{8),EIC(6,20¢101}+

1 TIC(6,20:10}SBAR(6520) sALDALG6)};THETO(20),EFFALC{6+2),

2 EFFALI(6:2}OMEGINC1IQ} ;OMEGCE2+2) sOMEGI(252) ,SLPC{2+2),4SLPI(2:2}

3 JEIMib}
‘REAL * 4 STALB{8)

DATA THETO f0060:45:0060:0:70:0375:657%9:6:82:5, 84 T386.7,90.04
DATA ALDA /0.3125:0.3175;0.3312:,0.339850.3600;0.3800/
DATA REF /0:050:.1:0029Q:3700%490:65008:1.0/

DEFINE FILE 16 (200s8720:;LsIPF}

DATA OMEGIN /0.20050.250:0.30050:350:0.4005;0.45030-500,70.5509

1 0.600:0.650/
FORMAT {1H1l}

15 FORMAT {(T3.,YMODEL NUMBER PLEASE 2%}
20 FORMAT {1H1/T30.° ATMOSPHERIC MODEL NUMBER : 9,I5,T80,

1
2
3
4
5
&

: YL.F10.3///7/740,'B U S T

* PROGRAM USED : SITC4*/f/T10,
'*SURFACE PRESSURE (MB)} : ¥ F10.2,7T55, °TOTAL DZONE AMOUNT (ATM=-CM)SITC

DATA Y///TI,*TYPE OF*,

T244*SIZE DISTRIBUTION®,T48,"PART OF THE REFRACTIVE INDEX?',
T86; *TOTALY /T8, *AEROSOLS® 3 T30, FUNCTION® 3T525 "REALY
T62: *IMAGINARY * 2 T854* AMOUNT /)

25 FORMATY (/745" STRATOSPHERIC® 38X ¢3A4¢4X;0P2F15.391P1E20.2)
30 FORMAT {/T4,¥TROPOSPHERIC? ;9X;3A4,4X,0P2F15.3,1P1E20,2/)

35 FORMAT (/T2,°THETA®sT1l4s°USING 1,000 MB SURFACE—PRESSURE TABLES?Y,
T71; "USING 400 MB SURFACE—PRESSURE TABLES'T120,'BEST'/
T2,2SUBY ¢T145*COARSE VALUESY ;T42, "IMPROVED VALUES® s
T723*COARSE VALUES® ;T97,"IMPROVED VALUES',T120, "QZONE*/
T2y%ZERC "+ T105 ALBEDO® ; T19: *OMEG.A® ;T27,"OMEG-B? , T37,* ALBEDD? 4
T463 "OMEGA® 3 T544 Y OMEG.B® , T66 *ALBEDG s TT755 "OMEG.A" 3 T83,
TOMEG<B® s T93, % ALBEDO? ¢ T1024"0MEG.A® sT1109*OMEG.B? s TI20,'ESTI"»

40

IO D WA

T1285'0DEV."/)
FORMAT (/T10,"MODEL NUMBER :°¢

+1I5¢

1 T45; "LAMBERT REFLECTIVITY OF THE UNDERLYING SURFACE = !,

2 F10.37)

45 FORMAT {Fé. 2:2X93F8e393xg3F8 3;5X;3F893g3x 3F8¢3:F9.3,:F7.3)

110

115

120
130

Iw'=28

JMIN = 2

JMAX = 11

CONTINUE

P00 130 J = JMIN,JMAX

READ (16%J) TIiTB.,A:B+C

Jg1 =4 ~ 1 _
IF‘JGGT.ll’Jl""‘J“"Z
D0 120 L = 146

DO 115 N = 1,10

EIC(LlegN) = A‘lyNyL)
TIC(L,J1,N} = B{1,N,L)
CONTINUE

SBAR{L,J1) = C{L)
CONTINUE

CONTINUE

"TIF ( JMAX .GT. 11 )} GO TO 135
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SITC
S1t7C
SITC
SITC
SITC
SITC
SITC
SITC

SITC -

SITC
SITC
SITC
SITC
SITC
SITC
S11C
SITC
SITC
SITC

SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC

WO NN DN

10

12
13
14
15
16
17
13
i9
20
21
22
23
2%
25
26
27
28
29
30
31
32
33
34
35
36
37
33
39
40
41
42
43
44
45
46
47
48
49
50
5%
52
53
54
55


mailto:T4,'TROPOSPHERIC@,9X,3A4,4XOP2F15.3,1PlE20o.2

OO0

sEeNalsy

135
140

150

© 155

OOOO0OO0N

158

159

Y60

JMIN i3

JMAX 22

G0 70 110

CONTINUE

WRITE (6:15) .

READ {5.%} NMOD -

IF { NMOD <LE. 0O} GO TO 1000

READ (16°NMODY TITBsA;B5C

WRITE (IW,20) NMOD,TITB{(1),TITB{(2}

WRITE (IW:;25} TITB(O), TITB(I0},TITB{(1L} TITB(S&;TITB(é} TI78(3)

WRITE (IW;30} TITB(IZ)9TITB(13§9TITB(14} TITB{T), TITB(8},TITB(4]}

DO 500 I = 1.8

STALB{I) = 0.0

WRITE {IW.40} NMODyREF{1}
WRITE (IW:351}

DO 450 N = 1,10

GOMPUTE SIMULATED.MEASUREMENTS OF THE INTENSITV.coo

DO 150 L = 146

EIMIL) = A{lsNsL) + B{I,N,L} * (REF(Iif(l 0 - CfL) * REF(I)))
CONTINUE

COMPUTE VALUES OF THE COARSE ‘EFFECTIVE ALBEDO USING 1,000 MB
(IGRP=1} TABLESs DR 400 MB (IGRP=2} TABLES.

IGRP = 1

IT =1

CONTINUE

TEMA = EIM{6) — EIC{6,IT;:N}

EFFALC(65 IGRP} = TEMA/(TIC(6,IT,N} + _SBAR(6;IT} * TEMAJ
DO 158 & = 1+4

EFFALC{J: IGRP} = EFFALC(6,IGRP)

CONTINUE

ESTIMATE COARSE TOTAL-OZONE AMOUNTS FOR BOTH WAVELENGTH PAIRS,
AND DECIDE.THE PAIR FOR DETERMINING IMPROVED EFECTIVE ALBEDO.

SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SIiTC
SITC
SITC
SITC
SI7C
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SI7C
SITC
SITC
SITC
SITC

-SITC

SITC

DO NOT USE THE FIRST PAIR IF THETA SUB ZERO IS GREATER THAN 79.6.SITC

IF { N oLE. 6 } 6O TO 159
OMEGC (1,IGRP) = 0.0

SLPC(15IGRP} = —100.0

GO TO 160

CONTINUE

CALL OMESLC {EIC,TIC,SBAR;1,3,N,EFFALC, IGRP,EIM;OMEGA,SLOPE)
OMEGC(1,IGRP) = OMEGA

SLPC(1;IGRP) = SLOPE

CONTINUE

CALL OMESLO (EIC,TIC,SBAR;2,4sN,EFFALCsIGRP,EIM,OMEGA,SLOPE)
OMEGC (2, TGRP) = OMEGA

SLPC(2,IGRP) = SLOPE

IF(OMEGC(L+IGRP)} oGT» 0.0 .OR. OMEGC(2,IGRP) .GT. 0.0) GD TO 165
prEGI(lylGRP) = 0.0
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SITC
SITC
SiTC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SI7C
SITC
SITC
SITC

56
57
58
59
50
&1
o2
853
54
55
a6
- &7
&8
o9
70
T1
T2
13
T4
75
76
T7
T8
79
80
81
82
83
84
85
86
By
38
89-
90
91
92
a3
94
<95
86
97
o8
99
100
101
102
103
104
105
106
107
108
109
110
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162

165

170

178

176
177

180

185

187

OMEGI(2,IGRP} = 0.0
SLPI{1;IGRP} -100.0
SLPY{2,IGRP]} -100.0

DO 162 4 = lq+4

EFFALT(J, IGRP} = EFFALC{J,IGRP}
CONTINUE

GO TO 190

CONTINUE

JISLY = 2

IF { SLPCL1;IGRP) .GTo SLPC(2:IGRP) ) ISLT =1

COMPUTE VALUES OF THE IMPROVED EFFECTIVE ALBEDD..

INTERPOLATE BETWEEN TWO OZONE VALUES.

TEMA = OMEGC(ISLT,IGRP}

DO 170 J = 2,10

IF ( TEMA .GT. OMEGIN(J)Y )} GO TO 170

JT = (IGRP-1} % 10 + J — 1

GO 7O 175 -

CONTINUE

JT = (IGRP-1)} * 10 + 10

CONTINUE

TEMB = EIM{4) — EIC{4sJTsN} _

TEMB = TEMB/{TIC(%4;JTyN} + SBAR(4,JT) * TEMB)
JT = JT + 1 o

IF { IGRP .EQ. 2 ) 60 TO 176

IF { JT oGT. 10 ) JT = 10

60 To 177 .

IF ( JT .GT. 20 ) 4T = 20

CONTINUE

TEMC = EIM{4) — EIC{4sJ4T,N}

TEMC = TEMC/{TIC({4,JT,N) + SBAR{&4,JT) * TEMC)
JT = JT7 - 1

IF { JT .6T. 10 ) 4T = .47 - 10

SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SIfcC
SITC
S5ITC
SITC
SITC
SITC
SITC
SITC
SIiC
SITC
$17C
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
STic
S17C
SITC
SITC
SITC
SITC

EFFALI{4¢ IGRP) = TEMB + 20.0 = (TEMC - TEMB) * {(TEMA - OMEGIN{(JT))SITC

DO 180 S = 1,3

. EFFALI{Js IGRP) = EFFALI{4,IGRP)

CONTINUE

$iTC
SITC
SITC
SITC

ESTIMATE IMPROVED TOTAL OZONE AMOUNTS FOR BOTH WAVELENGTH PAIRS. SITC

SITC-

SITC

DO NOT USE THE. FIRST PAIR IFf THETA SUB ZERO IS GREATER THAN 79.6,SI7C

IF ( N .LE. 6 ) GO 7O 185
OMEGI(1,iGRP) = 0.0
SLPI{1,IGRP} = —100.0

60 TO 187

CONTINUE

CALL OMESLO (EIC,VIC,SBAR;1,3sN,EFFALI,IGRP,EIM,0OMEGA,SLOPE)

OMEGI(1,IGRP} = OMEGA
SLPI{1,IGRP} = SLOPE
CONTINUE

120

SITC
SITC
517C
SITC
SIiTc
SITC
SIiTC
SITC
SITC
SITC

111
112
113
114
115.
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
i52
153
154
155
156
157
158
159
160
161
i62
163
164
165



aCO

CALL OMESLO (EIC,TIC¢SBAR;2,%sNsEFFALI,IGRP,EIM;OMEGA,SLOPE]
OMEGI(2,IGRP} = OMEGA
SLPI(2,4IGRP) = SLOPE
190 CONTINUE
IF { IGRP -EQ. 2 } GO TO 200

IGRP = 2
1T = 11
60 TO 155

SELECY THE BEST ESTIMATE..

200 CONTINUE
DD 210 K = 142
DO 205 4 = 1,2
TEMA = ABS(OMEGI({J:K} = OMEGC{J:K)})
IF { TEMA oLT. 0.030 } GO TO 205
OMEGI{J.,K) = 0.0
SLPI(JsK) = —-100.0
205 CONTINUE
210 CONTINUE
IPAIRA = O
IPAIRB = @
IF (OMEGI(1s1) +GT. 0.0 AND. OMEGI{1,2) .GT. 0.0) IPAIRA
IF (OMEGI(2:1)} oGT. 0.0 AND. OMEGI(2,2) .GT. 0.0) IPAIRB
IF {IPAIRA .EQ. 1 o.AND. IPAIRB .EQ. 1} GO TO 300
IF (IPAIRA .EQ. 1) GO TO 220
IF {(IPAIRB .EQ. 1}:GO TO 270
BEST = 0.0
TEMA = 0.5 %= (EFFALI(4,1) + EFFALI{4,2})
iIF { TEMA .GT. 0.2 ) GO TO 215
BEST = AMAXI (OMEGI{1,1),0OMEGI({2;,1})
GO 70 380
215 IF { TEMA .LT. 0.8 ) GO TO 380
BEST = AMAX1 (OMEGI{1,2},0MEGI(252)}
GO TO 380
230 ISLT =1
60 TO 330

270 ISLT = 2

GO TO 330
300 ISLT = 2
IF (SLPI{1;1) oGT. SLPE{251) .AND. SLPI{1;2) .6T. SLPI{2,2))
1 ISLT = 1 .
330 CONTINUE o
TEMA = 0.5 % (EFFALI(%4s1) + EFFALI(452))
IF ( TEMA .GT. 0.2 } GO TO 340
BEST = OMEGI(ISLT 1)
60 TO 380

-340 IF { TEMA .GE. 0.8 ) GO TO 380

BEST = (1.0/0.6} * ({0.8-TEMA) * OMEGI{ISLT,1) +
1 (YEMA-0.2) * OMEGI(ISLT,2})
GO TO 380 )

360 BEST = OMEGI{ISLT,2)

. _ PRINT DUT..

--121

SITC
SITC

.SITC

SITC
SITE
SITC
SITC
SITE
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SIFC
SITC
SITC
SITC
SITC
SITC
SITL
SITC
SITC
SITC
$17C
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
i85
186
187
188
189
190
ist
192
193
194

195

196
197
158
159
200
201

202
203
204
205
206
207
208
209
210
211

212 .

213
2i4
215
216
217
218
219

220



‘380 CONTINUE
STALBEI} = STALB(I} + TEMA
DEV = BEST -~ TITB(2) .
WRITE {IW:45) THETO(N};EFFALC(4,1):{0OMEGC(K;1) K= 1:2):
i EFFALI(#eli9{9MEGI(K71)9K—192)sEFFALC(@eZ)9(GMEGC(K 2) 3K=1:2),
2 EFFALI(44+2) s (OMEGI{Ky2)3K=192)sBESToDEV
450 CONTINUE
STALB(I} = 0.1 * STALBII}
IF ( i eEQe 2 ﬂgRo I oEQo 5 .DRe I OEQ. 8 ) HRITE (IH:!.O]
500 CONTINUE _
KRITE £IWe502) (STALB{I);I=1:8) .
502 FORMAT (/T4,°EIGHT MEAN IMPROVED ALBEDOES @ ?,8F8,3)
GO TO 140
1000 RETURN
END -

122

SITC
SI7C
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC
SITC

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235



OO0 000000 00

SUBROUTINE OMESLO €EIC,TIC,SBAR;LAML.LAM2;NTHETO,
1 ALBD,IGRP,EIM;OMEGA,SLOPE}

SUBRQUTINE FOR ESTIMATING TOTAL DOZONE AND THE SLOPE

OF THE N — OMEGA CURVE IN THE REGION OF THE ESTIMATED UZDNEooo'

EIC;TIC, AND SBAR AT 6 WAVELENGTHS: VIZ. 0.3125:0,3175,
0.33125,0.3398;0.3600, AND 0.3B00 MICROMETERS.

EIC,TIC; AND SBAR FOR 10 DIFFERENT OZONE AMOUNTS {0.200{0.050}
0.650} FOR 1,000 MB SURFACE-PRESSURE MODELS,; AND THEN FOR
400 MB SURFACE-PRESSURE MODELScese .

EIC AND TiC FOR 10 DIFFERENT VALUES OF THETA SUB ZERO...

SERIAL NUMBER OF THE SHMORTER WAVELENGTH.
SERIAL NUMBER OF THE LONGER WAVELENGTH.

LAML
LAMZ

NTHETO : SERIAL NUMBER OF THETA SUB ZERO.

ALBD : MEASURED ALBEDOES AT 6 WAVELENGTHS: AND FOR TWO GROUND
PRESSURES.. .

1 USE TABLES CORRESPUONDING TD-19000:M80

IGRP :
2 ¢ USE TABLES CORRESPONDING TQ 400 MB.

IGRP

EIM : MEASURED INTENSITIES AT & WAVELENGTHS.

OMEGA : ESTIMATED OZONE AMGUNT: SET TO 0.0 IF NO ESTIMATION -
IS POSSIBLE.

SLOPE : SLOPE OF THE N — OMEGA CURVE IN THE REGION OF THE
ESTIMATED TOTAL OZONE3 SET TO —100.0 IF OMEGA = 0.0.

20 FORMAT (/75,°NOT POSSIBLE TO DETERMINE N.VALUE FQOR®/

1 T54*IGRP4NTHETO,LAM1 s LAM2, TEMAS,TEMB =415, 1P2E12.4/

2 TS, "EFFECTIVE ALBEDO AT LAM1 AND LAMZ =%;2F12.5)

REAL * 4 EIC{6520:101:;TIC{6520:10):SBAR{SL,20):;ALBD{6,2),

.1 EIM{6)+RAT{10),0MEGIN{10)

DATA OMEGIN /0.200+0.250,0.30050.350:0.400,0.-450,0. 5009

1 0.55040.600;0.650/

RATM = 100.0 * ALOG1O {EIM(LAMZ!/EIM(LAVIFI

DO 200 4 = 1,10

JJ = (IGRP ~ 1} * 10 + J -

TEMA = EIC{LAML,JJ,NTHETO) + TIC(LAHleJJ NTHETO} =*

1 (ALBD(LAM1,IGRP)/{1.0 — SBAR{LAM1 JS)=*ALBD{LAML,IGRP})])
TEMB = EIC(LAM2,JJ,NTHETO) + TIC{LAMZ2:JJsNTHETO} *

1 (ALBD(LAMZ2,IGRP) /(1.0 - SBAR{LAM2:JJi*ALBD(LAM2,IGRPI}}}
If¥ (TEMA .LE. 1.0E-10 .DR. TEMB .LE. 1.0E-10)} GO TO 150
RAT{J)} = 100.0 * ALGGLO(TEMB/TEMA)

60O TO 200
150 CONTINUE
WRITE (6+20)IGRP¢NTHETO,LAMI LAM2, TEMAvTEMB,ALBD!LAMI,IGRP):
1 ALBD{LAMZ2;IGRP)
" RAT{J) = —9999.99

123

"OMESL

OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL.
OMESL
OMESL
OMESL
OMESL
CMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESI.
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
CMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL

" GMESL

OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
DMESL
OMESL
OMESL
OMESL
OMESL
OMESL
CHESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL

GO p N



200 CONTINUE
DO 300 J o
IF { RATM RAT(J+1} } GG TO 300

SLOPE = {RAT{J+1) = RAT(J)) * 20.0

OMEGA = OMEGIN{J) + (RATM — RAT(J))/SLOPE

60 To 350

CONT INUE

OMEGA = 0.0

T OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
OMESL
"OMESL

56
57
58
59
&0
61
62
63
&4
&5
&d



A.3 Output from aq Test Run:

125
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ATMOSPHERIC MODEL NUMBER 3 >

SURFACE PRESSURE (MB} @ 1000.00 ~ TOTAL QOZONE AMOUNT (ATM«4
DUST D ATA
TYPE OF - - SIZE DISTRIRUTION PART OF THE REFRACTIVE INDEX
AEROSOLS FUNCT ION REAL IMAGINARY
STRATOSPHERIC 10000 0.0
TROPOSPHERIC 1,000 0.0
MODEL NUMBER = 5 " LAMBERT REFLECTIVITY OF THE UNDERLY]
THETA USING 1,000 MB SURFACE—-PRESSURE -TABLES ‘ USING 400
SUB COARSE VALUES IMPROVED VALUES COARSE Vi
ZERC ALBEDDC OMEGo.A OMEGeB ~ ALBEDO GCMEG.A OMEG.B .  ALBEDO  OMEG.
0.0 0.0 0,350 0.350 -0.000 0.350 0.350 Ds105  De34&
45.00 0.0 0.350 0.350 «0,000 0.350 0.350 0.120. 0.353
60.00 0.0 0.350 . 0.350 -0.000 0.350 0.350 0.140  0.36]
70.00 0.0 0.350  0.350 —0.,000 0.350 0.350 . 0,167  0.38&
75.60 0.0 0.350 0.350 -0,000 0.350 0.350 0.187 0.374
79.60 0.0 0.350 0.350 -0.000 0,350 0.350 0,201 0.3Td
82-50 0-00 090 00350 _09000 000 X 00350 05205 D.O -
84.70 0.0 0.0 0.350 ~0.000 0.0 ~ 0,350 0,198 - 0.0
86-70 090 090 0-350 _09000 000 03350 00180 0.0
90. 00 0.0 0.0 0.350 ~0.000 0,0 D.350 0.147 0.0
MODEL NUMBER ¢ - 5 LAMBERT REFLECTIVITY OF THE UNDERLY
" THETA USING 1,000 MB SURFACE~PRESSURE TABLES ' USING 400
SUB COARSE VALUES IMPROVED VALUES " COARSE W
ZERC ALBEDO OMEG.A 0OMEG.B ALBEDO OMEG.A OMEG.B ALBEDO  DOMEG.Y
0.0 " 0.100 0.350 0.350 0.100 0.350 0.350 " 0,183  0.34]
45,00 0.100 ° 0.350 0.350 0.100 0.350 0,350 0,194 0.353
60. 00 0.100 0,350 0.350 0.100 0.350 ° 0.350 0.211 ~ 0Q.35]
70. 00 0.100 0.35C 0.350 0.100 0.350- 0.350 0.233  0.36%
75.60 0,100 0.350 0.350 0.100 * 0.350 0.350 0.250  0.36]]
79. 60 0,100 0.350 0.350 0.100 0.350 0,350 0,263 0e3T3
82.50 0.100 0.0 0.350 0,100 0.0 0,350 0.267 0.0
84.70 0.100 G.0  0.350 0.100 0.0 0.350 0.262 0.0
86.70 0.100 0.0 -  0.350 0.100 0.0 0,350 0.247 0.0
. 90.00 0.100 0.0 0.350 0.100 0.0 0.0

0.350 0.217

/Qé



5

- REFRACTIVE INDEX
IMAGINARY

0B ALBEDQO 8
50 0.183
50 0.194
50 0.211
50 0.233
50 0.250
50 0.263
50 . 0.267
50 0.262
50 0.247
50 0.217

PROGRAM USED 3 SITC4

AL OZONE AMOUNT (ATM-CH!

TIVITY OF THE UNDERLYING SURFACE =

MEG-A

0.348
0.353
0.357
0.363
0.367
0.373
0.0

Oa
Oo
0.

oo

3 0.350

TOTAL
AMOUNT

0.0
0.0

OMEG.B ALBEDD

0.318 0.233
0.327 0.252
0.337 0.275
0.347 0.299
0.352 0312
0.355 0.313
0.354 0.307
D. 356 0.295
0.358 0.284
0.405 - 0.290

- 0.0

USING 400 MB SURFACE-PRESSURE TABLES
COARSE VALUES

-8 ALBEDO OMEG.A OMEG-B ALBEDO OMEG.A
50 0.105 0:346 0,305 0.166 0.324
50 0.120 0353 0. 319 0.18% 0.332
PO 0.140 D.360 0.333 0.216 0.339
50 0.167 0.366 0.345 D-244 0.346
50 0.187 0.372 0.352 0.259 0.350
50 0.201 0.379 D.356 0.260 0«35%
50 0.205 0.0 D.356 0.252 0.0
50 .0.198 0.0 - 0.356 0.239 0.0
30 0.180 0.0 0360 0.226 0.0
50 0.147 0.0 0. 450 0.241 0.0
FCTIVITY OF THE UNDERLYING SURFACE = 0.100

USING 400 MB SURFACE~PRESSURE TABLES
COARSE VALUES

OMEG. A

0.336
0. 340
0.345
0.349
0.352
0.355
0.0

o0o
Qoo

IMPROVED VALUES

OMEG. B

0.275
0-291
0.309
0.326
0.336
0.3%42
0.345
0344
0.340
0.0

IMPROVED VALUES

OMEG. B

0.302
0.311
0.322
0.333
0.341
0345
0.347
0.347
0.344
00

BEST
OZONE
ESTI.

0.350
0.350
0.350¢
0.350
0.350
0.350
0.350
0.350
0.350
0.350

BEST
OZONE
ESTI.

0.350
0.350
0.350
£.350
0.350
0.350
0.350
0.350
0.350
0.350

DEV.

0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000

DEV.

0.000
0,000
0.000
0.000
0.000
-0,000
-0.000
0.000
0.000
0.000



LzZ1

MODEL NUMBER = 5 LAMBERT REFLECTIVITY OF THE UNDERLYIX

THETA USING 1,000 MB SURFACE~PRESSURE TABLES USING 400
sSuB . COARSE VALUES IMPROVED VALUES COARSE VA
ZERDO ALBEDO OMEG.A OMEG.B ALBEDO OMEG.A OMEG.B ALBEDO OMEG. A
0.0 0.200 0.350. 0.350 0.200 0.350 0.350 0.26% D.353
45.00 0.200 0.350 0350 0.200 0350 0.350 G271 _0.355
60.00 0.200 G.350 0. 350 0.200 0.350 0.350 0.284 0.358
70.00 0.200 0.350 0.350 0200 0.350 0.350 0.302 0.361
T75.60 0.200 0.350 0.350 0.200 0.350 0.350 0,316 D.364
79.60 0.200 0.350 0.350 0.200 0.350 0.350 0.327 0.369
82.50 0.200 0.0 0.350 0.200 C.0 0.350 0.332 0.0
84.70 0,200 0.0 0.350 0,200 Q.0 0-.350 0.328 0.0
86.70 0.200 0.0 0.350 0.200 0.0 0.350 0.317 0.0
90.00 0.200 0.0 0.350 0.2G0 0.0 0.350 0.290 0.0
MODEL NUMBER 3 5 LAMBERT REFLECTIVITY OF THE UNDERLYIH
THETA USING 1,000 MB SURFACE-PRESSURE TABLES USING 400 A
SuUs COARSE VALUES IMPROVED VALUES COARSE VAL
ZERQO ALBEDO OMEG.A OMEG.DB ALBEDO OMEG.A OMEG.B ALBEDO OMEG.A
0.0 0-.300 0.350 0.350 0.300. 0.350 0.350 0347 0.358
45.00. 0.300 0.350 0.350 0.300 0.350 0.350 0.352 0.358
60.00 0.300 0.350 -© 0.350 0.300 0.350 0.350 0.361 0.35¢9
70.00 0.300 0.350 0.350 0.300 0.350 0.350 0.374 D.361"
75.60 0.300 0.250 0.350 0.300 0.350 0.350 0.385 0.363"
79.60 0.300 0.350 0.350 0,300 0.350 0.350 0.394% 0.3656
82.50 0.300 0.0 0.350 0-300 0.0 0.350 0.399 0.0
84.70 0-.300 g.0 0.35%0 0.3040 0.0 0.350 0.398 D.0
86.70 0.300 0.0 0.350 0.300 0.0 G.350 0.389 0.0
S0.00 0.300 D.0 C.350 0.300 0.0 0.350 0,365 0.0
MODEL NUMBER ¢ 5 LAMBERT REFLECTIVITY OF THE UNDERLYIN
THETA USING 1,000 MB SURFACE-PRESSURE TABLES USING 400 M
SuB COARSE VALUES IMPROVED VALUES - COARSE VAQ
ZERQO ALBEDO OMEG.A OMEG.B ALBEDQO OMEG.A OMEG.B ALBEDO OMEG.A
0.0 . 0.400 0.250 0.350 0.400 0.350 0.350 0,434 0.363
45.00 0400 0.350 0.350 0-400 0.350 0.350 0.435 D.362
60.00 0.400 | 0.350 0.350 0.400 0.350 0.350 0.440 0.361
70.00 0.400 0.350 0.350 0.400 0.350 0.350 0.448 0.361
75.60 0.400 0.350 0,350 0.400 0.350 0.350 0.457 0.362
79.60 0.400 0.350 0-.350 0-400 0.350 0.350 0. 464 0.364
-82.50 0. 400 0.0 0.350 0.400 0.0 0.350 0469 0.0
84,70 0.400 0.0 0.350 0.400 - 0.0 0.350 0.469 0.0
86.70 0.400 G.0 0.350 0400 0.0 0.350 0464 0.0
90.00 0.400 0.0 0.350 0.400 0.0 0.350 Oa%b% 0.0

127



%TIVETY OF THE UNDERLYI&G SURFACE = 0.200

USING 400 MB SURFACE-PRESSURE TABLES
COARSE VALUES IMPROVED VALUES

o

ALBEDO OMEG-.A OMEG.B ALBEDO  OMEG.A OMEG.B
50 0.264 0.253 0.332 0.303 0.346 0.323
50 0.271 0.355 (.336 0.318 0.348  0.327
50 0284 0,358 0.342 0.337 0,350 0.333
50 0.302 0.361 0.349 0.357 0.352 0.340
50 0.318 0.364 0.353 0.368 0.353 00345
50 0.327 0.369 0.355 0.370 0.356 0.348
50 0.332 Q0.0 0.356 0365 (0.0 0.349
50 00,328 0.0 0.356 0.355 0.0 0349
50 0.317 0.0 0.357 00345 0.0 0.347
Ay 0.290 0.0 0.388 0:-348 0.0 0.0

ETIVITY OF THE UNDERLYING SURFACE = 0.300

USING 400 MB SURFACE-PRESSURE TABLES

] COARSE VALUES IMPROVED VALUES

% B ALBEDO OMEG.A OMEG.B "ALBEDO OMEG.A OMEG.B
¥o 0347 0.358 0. 3%&4 0.377 . 0,354 0.339
50 0.352 0.358 0. 345 0.388 0.354 0.340
20 0.361 0.359 0.348 0.402 0.354 0.342
50 " 04374 " 0.3561 0.352 0.418 0. 355 0-.346
50 0.385 0.363 0.354 0.428 0-355 0.349
50 0.394% 0.366 0.356 0.429 0.357 0.351
50 0.399 0.0 0.356 0.426 00 0.352
50 0.398 0.0 0. 356 0.419 0.0 0.351
0] 0.389 0.0 0.357 0.410 0.0 0.350
0 0.365 an 0. 380 0.411 0.0 0.0
LTIVITY OF THE UNDERLYING SURFACE = 0.400

USING 400 MB SURFACE-PRESSURE TABLES

COARSE VALUES IMPROVED VALUES
. B ALBEDO OMEG.A OMEG.B AL BEDO OMEG.A OMEG.B
H0 0.434 0.363 0.354 0.455 G-361 0.351
50 0.435 0.362 0.353 0.461 | 0.359 0.350
50 0.440 0.361 0.354% 0.471 0.358 0.350
50 0.448 0.361 0. 355 0.483 0.357 0.351
50 0.457 0.362 6.356 0.491 " 0.357 0.352
50 0.464% 0.364 0.356 . 0.493 0.358 0.353
50 0.469 0.0 0.357 0.491 0.0 0,353
50 0.469 0.0 0. 357 0.486 0.0 0.354
50 0.464 0.0 0.357 0.479 0.0 0.353
50 0. 444 0.0 0.375 0.480 0.0 0.348

BEST
OZONE
ESTI.

0,350

0,350

0.350
0.350
0.350
0,350
0.350
0.350
0.350
0.0

BEST
OZ0ONE
ESTI.

0.351
0.351
0,351
0.351
0.351
0.350
0.350
0.350
0.350
0.0

BESY
OZ0NE
ESTI.

0.354
0.354
0.353
0.353

0.353

0.351
0.351
0.351
0.351
0.349

bev.

=0.000
=0.000
-0.000

0.000

0.000
-(.000
~0.000
=0.040
-0.000
=0.,350

DEV.

0,001
0,001
0.001
0.001
0,001
0.000
0.000
D.000
‘_00000
-0.350

DEVY.

0.004
0.004
0,003
0.003
0.003
0000}-
0.001
0.001
0.001
"'OOOOJ.



8zZ1

MODEL NUMBER 3 5 LAMBERT REFLECTIVITY OF THE UNDERLYIN
THETA USING 1,000 MB SURFACE~PRESSURE TABLES USING 400 K
sus . COARSE VALUES IMPROVED VALUES CCARSE VAL
ZERD ALBEDO OMEG.A OMEG.B ALBEDQ OMEG.A OMEG.B ALBEDQ OMEG.A,
0.0 0. 600 0.350 0.350 0.600 0350 0,350 0.617 D.371
45.00 0.600 0.350 0.350 C.600 0.350 0.350 0610 0.369
60,00 0.600 0.350 0.350 0.600 0.350 0.350 0.607 D.366
70.00 0.600 0.350 0.350 0.600 0350 0,350 0.607 0.3563
T5.60 0. 600 0.350 0-350 0.600 0.350 0.350 0,609 0.362
T9.60 0.600 0.350 0350 0.600 0e350 0.350 D.612 D.353
82.50 0.600 0.0 0350 0.600 0.0 0.350 0617 0.0
84.70 - 0.600 0.0 0.350 0.600 0.0 0-350 0.622 0.0
86.70 0600 0.0 0350 0.600 0.0 0.350 0.624 0.0
90.00 0.600 0.0 0.350 0.600 0.0 0350 0.610 0.0
MODEL NUMBER 3. 5 LAMBERT REFLECTIVITY OF THE UNDERLYIN
THETA USING 1,000 MB SURFACE-PRESSURE TABLES - CUSING 400 M
sSuB COARSE VALUES IMPROVED VALUES COARSE VAL
ZERO ALBEDOD OMEG-A OMEG.B ALBEDOG OMEG.A OMEG.B ALBEDQ OMEG.A
0.0 0. 800 0.350 0.3590 0.800 0.350 0.350 0.813 0.377
45.00 - 0.800 0.350 0.350 0.800 C.350 0.350 0. 800 0.374
&0.00 0.800 0.350 0.350 0.800 0.350 0-350 0.788 0.370
70.00 0.800 0.350 0. 350 0. 800 0.350 C.350 0779 0.366
75.60 0. 800 0.250 0.350 0.800 0.350 0.350 0.774 D.364
T79.60 0.800 0.350 0.350 0. 800 0.350 0.350 0.774 0.363
82.50 0.800 0.0 0.350 0.800 0.0 0,350 0.779 0.0
B4.70 0.800 0.0 0.350 C. 800 00 G350 0.788 0.0
86.70 C. 800 0.0 0.350 0.800 0.0 0.350 0.797 0.0
20.00 0.800 0.0 0.350 0.800 0-0 0.350 0.789 0.0
MODEL NUMBER 3 5 LAMBERT REFLECTIVITY OF THE UNDERLYIN
THETA USING 1,000 MB SURFACE~PRESSURE TABLES USING 400 M
suB COARSE VALUES IMPROVED VALUES ---  COARSE VAL
ZERD ALBEDO OMEG.A OMEG.B ALBEDO OMEG.A OMEG.SB ALBEDO OMEG. A
0.0 1.000 0.350 0.350 1.000 0.350 0,350 1.026 D.382
45,00 1.000 0350 0.350 1.000 0.350 0-.350 1,006 D.379
60.00 1.000 0.350 0.3590 1.000 0.350 0.350 0,985 0.374
70.00 1.000 0.350 0.350 1.000 0.350 "~ 0.350 . 0,966 0.369
T5.60 1.000 0.350 0.350 1.000 0,350 0.350 0.954 0.3566
79.60 1.000 0.350 0.350 1.000 0.350 0.350 0.951 0.365
"82.50 1.000 0.0 0.350 1.000 0.0 0.350 0.956 0.0
84.70 1.000 0.0 0.350 1.000 0.0 0.350 0.970 0.0
86,70 1.000 0.0 0350 1.0040 0.0 0.350 0.986 0.0
90.00 1.000 0.0 0.350 1.000 0.0 0.350 0=98§ 0.0
!
EIGHT MEAN IMPROVED ALBEDOES : 0.114 0-.193 0.273 0-355 0.439 0.61
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ECTIVITY OF THE UNDERLVING SURFACE = 0600

USING 400 MB SURFACE-PRESSURE TABLES

COARSE VALUES IMPROVED VALUES
GeB ALBEDO OMEG.A OMEG.B ALBEDG OMEG.A OMEG.D
350 0617 0.371 0.368 0.624 0.37C 0.368
350 0.610 0.369 0.366 0,621 0.368 0.365
350 0.607. 0366 0.363 0.622 0.365 0.362
350 0,607 0.363 (.360 0,625 0.362 0,359
350 0.609 0.362 0.359 0.629 0.360 0.357
350 0.612 0.363 0.358 0,631 0.360 0.357
350 0.617 0.0 0.358 0632 0.0 00357
350 00622 0.0 0.358 0.632 0.0 0.357
350 0.624 0.0 0. 360 0.629 0.0 0.358
Fso 0.610 0.0 0,372 0.631 0.0 0.361
FCTIVITY OF THE UNDERLYING SURFACE = 0.800

USING 400 MB SURFACE-PRESSURE TABLES

COARSE VALUES IMPROVED VALUES
GeB ALBEDO OMEG.A OMEG.B ALBEDG  OMEG.A OMEG.B
350 0.813 0.377 0.378 0.813 0.377 0.378
350 0.800 0.374 0.37% 0.801 0.374 0.374
350 0.788 0.370 0.370 0.792 0.370 0.370
350 0.779 0.366 0.365 0.786 0.366 0,365
350 0.774 0.364  0.362 0.786 00363 D362
350 0.774 0.363 0,360 0.788 0.362 0,359
350 0.779 0.0 0. 360 0793 0.0 0.359
350 0,788 0.0 0.361 0.797 0.0 0.360
1350 0.797 0.0 0.362 0.799 0.0 0.362
350 0.789 0.0 0.374 0.803 0.0 0.368
ECTIVITY OF THE UNDERLYING SURFACE = 1.000

USING 400 MB SURFACE-PRESSURE TABLES

COARSE VALUES IMPROVED VALUES
G.B "ALBEDO OMEG.A OMEG.B ALBEDO OMEG.A OMEG.B
1350 1.026 0.382 0.383 1.025 0.382 0.383
350 1.006 0.379  0.380 1.003 0.379 0.380
350 0.985 0.374 0.375 0.984 0.374 0.375
350 0.966 0.369 0.369 0.969 0.369 0.369
350 0.954 0.366 0.365 0.964% 0.365 0.364%
1350 0.951 0.365 0.362 0.968 0.363 0.361
1350 0.956 0.0 0.361 0.975 0.0 0.360
1350 " 0.970 0.0 0. 362 0.984 0.0 0.361
350 0.986 0.0 0. 365 0.992 0.0 0.364%
350 0.985 0.0 0.376 0.998 0.0 0.372
? \
73 0.355 0.439 0.614 0.798 0.993

BEST
OZONE
ESTI.

0.36%
0.362
0.360
0.358
0.357
0.355
0.355
0.355
0.356
0.357

BEST
CZONE
ESTI.

0.377
0.374

0370

0.365

" 0.363

0.359
0.359
0.360
0.362
0.368

BEST
OZONE
ESTI.

0.382
0.379
G.374
0.369
0.365
0.363
0.360
0.361
00364
0.372

DEV.

0.014
0.012
0.010
0.008
0.007
0.005
0.005
0.005
0.006
0.007

DEV.

0.027
0,024
0,020
0.015
0.013
0.009
0.009
0.010
0.012
0.018

DEV.

0.032
0.029
0.024
0.019

- 0.015

0.013
0.010
0.011
0.014
0.022



