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DETERMINATION OF THE OZONE PROFILE FROM THE
OUTGOING THERMAL EMISSION

Ye.P. Borlsenkov, A.Ye., Kaygorodtsev, and 0.M. Pokrovskiy
[Professor Borisenkov and Candidate in Physical and
Mathematical Sciences Pokrovskiy)

Problems are discussed concerning the informa- /L1L1%
tion content of measuring the spectral and angular
distribution of the outgoing thermal emission of the

atmosphere~Earth system in the 9.6 um ozone absorp-
tion band. Two schemes of remote measurements (nadir
and limb) are considered. The independent and com-
bined infermation contributions of data, obtained

in conformity with both measuremént schemes, are
evaluated. Results are discussed from numerical
stimulation of the solution of the inverse problem

in availabillty of a number of perturbation factors
(inadequacy of the transmission functions, a priori
statlistics, errors of radiation measurements) for
various condicions of remote measurements (spectral
intervals experiment geometry). Effeetiveness of the
regression interpretation method, which uses the data
of nadir and limb measurements simultaneously, 1s
demonstrated.

In recent years, interest in studying the possibilities of
remote probing of ozone in the atmosphere has increased notice-
ably. Although'ozone belongs to the small gas components of the
atmosphere, its role is significant for a whole series of reasons.
Besldes the fact that the layer of ozone protects the surface of
Earth from intense ultrviolet radiation of the Sun, its presence
toe a significant degree determines the existence of a positive

*Numbers in the margin indicate pagination 1in the foreign text.




temperature gradlent In the stratosphere, and has an effect on
large- and average-scale. dynamics of the atmosphere. Ozone enters
into reactlon wlth nitrogen oxldes and water vapor and the latter
makes an Important contributlon to the energy planetary balance
not only in the gas phase but also as a basic component of cloud
formations. The connection of the total content of ozone in the
upper troposphere and stratosphere with the processes of circula-
tion was demonstrated recently ia reference [10].

A comparilison of the geopotential field for the isobaric
200mb surface and global distribution of ozone reveals a whole
series of generul characteristic. traits which have important
forecasting value, The complex interaction between the content
of ozone and the dynamlc mechanics of the atmosphere explains
the significant interest 1n measuring the total content and the
vertical stratification of ozone on a global scale. Thils also
requires investigation relating to the study of heat exchange
between the troposphere and the stratosphere. Knowledge of the
distribution of atmospheric ozone 1s necessary for explaining
the structure and determining the quantitative parameters which
characterize photochemical reactions in the stratosphere.

Global measurements of ozone are carried out only using
artifiecial satellites. At fhe present time, a number of methods
of remote probing of ozone in space are being proposed. One of
these involves information analysis as to the distributlon of
ozone in the upper stratosphere contained in measurements of /12
scattered solar radiation carried out in different directions.
Another method of recovering information on the vertical profile
of ozone 15 based on interpretation of measurment data of solar
radfation attenuated on sliding slope paths. In both cases,
obtaining information is determined by the presence of an absorp-
tion mechanism of attenuation of radiation in the bands of ozone

absorption.




The method which inveolves analysls of spectral and angular
distribution of outgoing thermal emlission of the atmosphere-Earth
system in the 9.6 um band of 03 absorption has a number of advan-
tages which have attracted the attention of scientists., Being
simpler from the point of view of a technical realization, this
method makes it possible to carry out remote probing in any

geographical region of a planet on the dlurnal and nocturnal sides.

Inasmuch as the scattering processes can be ignored in the infra-
red area of the spectrum, the method of interpreting the results
of measurements is simpler. One can note three important aspects
of research carried out in recent years in connection with prac-
tical realization of a given problem. Numerlcal experiments on
the EVM [Electronnaya vychislitel'naya mashina, electronic com-
puter] made it possible to discover the effect of certain sources
of error 1n the initial information on precision in establishing
the ozone profile [11,12]. Studies of the characteristics of
absorﬁtion of atmospheric ozone [7,13] showed the difficulties

of a model presentation of functions of transmission in conditions
of the actual atmosphere. Practice in interpretation of the data
of actual satellite measurements [9,10] gives us information as to
the effectiveness of the remcte method when determining the total
content of ozone and as to the presence -of problems in construct-
ing analytical approximations for transmission functions which
1imit the possibilities for establishing a vertical profile.

The purpcse of this work 1s a systematic consideration of
the questions of information content of remote measurement data
including problems of optimizing the statistical algorithm of
interpretation, evaluatlion of the coverage of the experiment with
differenf measurement conditions, analysis of the precision of
selving the inverse problem with the presence, in the model being
used, of elements of 1nadequacy characteristic for the actual
situation.
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Stochastie Linearization

The problem of interpretation of measurement results of
characteristics of outgoling thermal emission, in order to estab-
lish a vertical profile of czone in the atmosphere from a mathe-
matical point of view, amounts to solution of a system of
nonlinear equations which we write formally in a vector form

y=A[x]+e. (1)

The set of parameters evaluated z=(#,,...,x, ) characterizes

vertlcal distribution of a given gas in »n layers of the atmosphere.

We will consider that the vector of measured y values has a

dimension equal to s (s=mk, m--is the number of spectral intervals,

k--is the quantity of spatial points or directions when scanning
the horizon). The components of the e vector characterize the
total error and measurement and errors in the mathematical model
used. For an approximate solution of systems of nonlinear equa-
tions, a whole series of numerical methods have been developed
[2]. However, the presence of stochastlc member e, and alsoc the
a priorl statistiecal information on x Indicates the advisability
of using probability methods of.solving problem (1), We will
consider the possibilities of using the method of stochastie
lin?arization [4] for obtaining a statistically optimum solution

of z and also we will consider the information characteristics
resulting from this approach.

Inasmuch as the statistical method is used for solving the

problem we will consider as known certain probable characteristilcs

of the random vectors x and y going from certain a priori
sampling. Let us assume that the a prioril sampling of the =z
veétors consists of ¥ realizations; {¢1§§=1 (N>>n, &8). Assuming
model (1), one can obtaln the appropriate statistic for y(yt)i=1.

/13




Having at one's disposal both these samples, one can calculate,
following the known formula fromthe statistlies, the empirical
evaluations for the first two moments of the random vectors x and

y (mean vectors z=E(z), y= Efy), and also auto-and inter-covariance
matrices R=E { (. &~x) ( ®-x)¥}, Q=E{( y-y)X ( y-y)*}, K=E {( y-¥y)
{ ®-z)¥ }). We will also consider that the two first moments of
vector error e are known: E (e)=0, 9=E{ec¥®} . We will introduce
random vector o using the equallty x=z+Axz. The linearized concept
of the relationship which determines equality (1), we will find

In the form of the relationship

where the set of unknown coefficients forms vector b={Ll} and
matrix C={cij} (i=1,..., &, J=1, +++, ), It is obvious that

the unknown parameters P and C depend on the probability character-
istiecs of random vectors =z, y, €. For determining them, we will |
use the criterion of minimum root-mean-square error approximation

E=E (A (Kyeenny X) k2=~ C -Ax|). (3)
(.l -- is the vector Euclidean norm). Opening the brackets in
the right part of equation (3) and equalizingthe possible deriva-
9t a8
tives to zero ~3b; and ooy we come to a system of

equations B=E {A(ml,..., mn) }, C.R=K, from which follow the
estimates sought:

A — A (8
b=y; C=K R,

On the other hand, it is known that with the a priori
statistically optimum solution Ax of system (2) the formula
is written

Ax=R -C*-(C ‘R-C®= 42y -(y—b).




Substituting (4) and (5), we come to the desired representa-
tion for an estimate of the x vector which is an gpproximate
solution of the initial problem (1):

(6)
A - -
x=x4+ K (K-RV-K*+2)' (y—y).
The quality of estimate (6) 1is characterized by the appropri-
ate residual covariance matrix

R=R—K* (K -R" -K*+9) - K. (1)

We will compare the given approach with a method of
analytical linearization. In this case, for small varilations of
Az and Ay, an approximate equality is used

' ~ (8)
Ay=A'[x)] - Ax 48, . -
in which A'{xO]-- is the matrix operator of partial derivatives /14
at a certain polint x . The statistical method of solution of
(8) is described by predictor

b e R (A AR AP O 3y (9)

Stochastic interpretation (8) results in approximate
equality K=A'-R, which makes it possible to establish the inter-
relation of (6) and (9). If one assumes that y=A[Z] and 1s true
for (8), where e--is random and independent of Az,the error of
approximations, then (6) leads to (9). In this way, an evaluationef
(9) is an approximation in relation to (6). We note that (6) is
the best of ‘the estimates based on the first two moments
of random vectors z and y. Estimate (9) is not optimum for the
concept indicated. Both estimates coincide in the case where
operator A (1) is linear in relationship to =.

ORIGINAL PAGE 18
OF POOR QUALITY



We will look at certain characteristics of the information
content of the given remote measurements. The quantity of infor-
matlon according to Shennon as to the component of solution Ly
contained in values of vector y, is described by equality
I(mi, y)=log, (ru/;u) in which the diaggnal elements are iptﬁ?—
duced, r, and ?ii of matrices R and R. The sige d§=l—~{ru/ru)2
is the muitiplier coefficient of the correlation of scalar quantity
z, and vector y. It is obvious that di changes in the interval

2
[0,1]. fThe ratio 9,= (ru/ru)z, which describes the relative
residual dispersionyacts as a visual characteristic of the

efficienty of the experiment and 1s the dual value in relation
to di in the concept that di + g; = 1. Later on, we will use
these univeral characteristics for estimation and comparison of
the precilsion of remote measurements with different condiltions
of the experiment.

Information Content of Data of Remote Probing

The basis for solving inverse problems of atmospheric
optics in the infrared range is the integral form of the trans-
port equation. We consider the two different geometrical
measurements of the characteristics of outgoing thermal
emission from space. The measurement system as to the nadir
is simpler from the point of view of technical realization.

In this case,for intensity of the intrinsic radiation of the
atmosphere-Earth system LAv in the spectral interval Av the
following equation is true.

.
Lu=BAT (1)) (2 — | BAT (P s (p), (19)
in which tAv(p)--is a function of a transmission of the

atmosphere by a layer from the upper boundary to the level with
pressure p, o



B, [T(p)]--1s the Planck function of transmission of an
absolutely black body at temperature T for frequency v,
Ps --1s the level of atmospheric pressure in the layer
adjacent to the underlying surface,

The system of measurement of angular distribution of out-
going emission in a horizontal direction {(measurement of the limb)
is more complex. The expression for intensity of emission re-
corded from space in the directlion of the 1line of sight for
tangential height % has the following form:

2; (h)
Lay=— | BT @)} d%(2) (11 (15

2, (h)
Here, a--1is the variable geometric path,

2.9 (1), 4, (R)--are boundary points at the line of sight in the
atmosphere corresponding to height h,

tAv (2)--is the function of transmission of the upper
atmosphere along the beam of observation in spectral integral
Av.,

We will consider that the temperature profile T is given,
We will assume that the analytical concept for the dependence
of the function of transmission on the mass of absorbed gas
presented rAv=fAv(u) is known [1]. In this case, equations
(10) and (il) lead to a model in the form of (1) where the role
of unknown parameters is played by wvalues of concentrations of
absorbed gas rg;gting to the »n layer of'the atmosphere
x,=q(2,) (i=1,...,n). Therefore, for solving the problem of
remote probing, one can use the mathematical formalism developed
in the preceding sectiomn.

We will pause to consider the initial data used for a
nomerical realization of a statistical algorithm. We consider
two analytical models of the functions of transmission of ozoene.




The Moskalenko model [1] corresponding to a spectral sclution of
10 cm —1, was considered as approximate (transmission model I).
Goody's statistical model [7] with the correcticns proposed in
[6], makes it possible to calculate the Foygtovskiy character

of the contour of spectral lines. This model we considered
conditionally as precise (transmission model II)., The spectro-
scopic parameters relating to the 9.6 um ozone absorption band
were borrowed from reference [5]. Calculatlon of the absorption
of radiation by water vapor in the spectral zone being consldered
was accomplished using an analytical model of the functions of
transmission [1] in which a climatie profile of moisture content
in the atmosphere was used.

The realizations of the method formulated above of inter-
pretations depends on the presence of a priorl statistics as
to the set of unknown parameters x. We used two statistical
samples of vertical proriles of ozone corresponding to 20 standard
levels of vpressure in a range from 5 to 850 mb. The indicated
data [8] relates to two stations: Khokhenpaysenberg {(47°48'
north latitude, 11°01' east longitude) -- statisties A, Tateno
(36°03' north latitude, 140°08' east longitude) -~ statisties B.
The volume of each sampling amounted to 40 independent measure-
ments carried out in a period from February to May, 1968--1969.

A regression model of type (1) based on equations (10) and
(11) was constructed in accordance with the two measurements
systems considered (nadir, 1imb). We will designate them re-
gression mode.s T and II, respectively. Also, a regression
system of equations combining (10) and (11) was carried out,
that is, the proposed use of both types of remote information
simultaneously (regression model III).




10

As was noted 1n the preceding section, the values of di
are the visual characteristics of the iInformation content of remote
measurement data. The values of di corresponding to three re-
gression models for different sets of spectral integral 9.6 um

bands were calculated.

Figure 1 shows graphs of information characteristics cor-

responding to a separate spectral interval.

~
o
()Y

|

p mb
‘8

Figure 1. Vertical distributions of Information
coverage with measurement in separate spectra}l
intervals. a——regressiof model I (1--1055 em —,
statistic A; 2--1055 cm™—, B; 3~-1065 cm-1, 4;
4--1005 cm-1, B); B--model TI (1--1055 cm-1, A;
2--1065 em-1, B; 3--1055 em-1 , B); c--model III
(1--1055 em-1, B; 2--1015 em-1, B 3--1065 cm-1, B).

In the case of regresslon mcdel I,(Figure la), the informants
have a characteristic vertical structure. The distributions
have a maximum in the interval of heights which determine levels
of atmospheric pressure 100-200 mb. Moreover, an increased

1S
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Informatlon coverage is observed in layers of atmOSphere'iocated
above the 20 mb level., Although the Information characteristics
which correspond to statistical sampling A and B, differ quanti-
tatively from each other, thelir vertical structure is very . .
similar, One should note that for all spectral intervals and
both statistiecs, the information curves have a characteristic R
minimum in the 30-50 mb interval which contain the position of

maximum_ concentration of ozone.

Regression model II is characterized by informants (Figure

1b) which reveal the dependence on the spectral interval only

in layers of atmosphere which are located above the 10 mb level.
Measurements of angular distribution of outgoing emission con-
tain the largest quantity of information on that section of the

zone profile which is located above the position of maximum con-
centration. Here, also one notes a certain decrease in the
information coverage of a 30~50 mb atmospheric layer. A comparison
of Figures .3 and 1lb shows a noticeable information advantage in
relatior; vo the lower stratospheric measurement in the nadir.
For regression model III (Figure lc), a more uniform structure
of information ceverage of different layers of the atmosphere

is characteristic. Thanks to synthesizing both types of remote
information in this model, the upper and 1: '2r stratosphere appears
to be covered approximately uniformly. A decrease 1ln values of
informants 1s noted in the 30-70 mb layer which contains the
pesition of maximum concentration of ozone.

Pigure 2 presents curves of information coverage correspond-
ing to measurement systems for a number of combinations of spectral
intervals.

11
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Fipure 2. Vertical distributions of information coverage
with measurements in a set of spectral intervals., a--
regression model I~ (1-=1045, 1065 cm—-1l, B; 2--1015, 1055
em-1, A; 3--1055, 1075 cm~1, B; #4--1055, 1065 cm~! , Ai
B---model TI (1-—1011? 1065 em=-1, B; 2--1055, 1005 em
E-~1055, 1065 cm B); c--model ITI (1--~1045, 1065
, B; 5--1055, 1065 cm~L1 , B; 3--1015, 1055 em=1 , B).

A combination of "transparent" and "opaque" sections of the spec- /16
trum in regression model I (Figure 2a) more uniformly provides
information on the layer of the stratosphere except for the 20-

50 mb interval. When transferring to the troposphere, the infor-
mation characteristics rapidly diminish., The informants which
correspond to regreésion model II (Figure 2b) are practically
unchanged with the addition of a second spectral interval which
explains the similarity of information containing dilferent
sections of the spectrum with measurements of the limb. In the



case of regression model III (Figure 2c¢) one can note 1 definite /17
dependence of the information curves in the lower stratosphere

on the combination of spectral Intervals. The structure of the
informants in the upper stratosphere changes less significantly.

Summarizing the results of the study made, one can note the
dominant role of information as to the content of czone in the
upper stratosphere obtained from measurements of angular distribu-
tion of outgoing emission and the supplemental values of measure-
ment data in the nadlr for evaluating the ozone profile in the
lower stratosphere. Both types of data make up inadequate informa-
tion on the troposphere and the atmospheric 30-70 mb layer. The
results of calculatlions alsc make it possible to draw a prelimin-
ary conclusion as to the fact that the measurling system must
include two spectral intervals in the 9.6 ym band: "transparent"
and "opague" sections of the spectrum. However, for determining
the width and position of these intervals, 1t is necessary to
use special methods of optimization. Another means of establish-
ing the effectiveness of remote methods is a numerical model on
an EVM for scolving the inverse problem.

Eactors Which Determine Preclsion of Solving the Inverse Problem

In references [11, 12] the question of the effect of error
in assigning a number of initial parameters on the precision of
setting up the ozone profile was studied in detail. It was
found that the most significant value can be error in assigning

. the vertical distribution of temperature which in practice
amounts to 2-4° C. Thelr presence results in a deereased pre-
cision in determining the ozone profile by 50-100% [11]. When
interpreting the angular distribution of outgoing emission,
the quailty of cdnjunctioh of measurement data ©o the values of
type of the line of vision plays an important role. With errors

13




in a value of h, equal to *1 km, the error in setting up the ozone
profile increases by 20-40% {11].
in (3] of simultaneous spectral measurements of outgoing trans-

The method of analysis proposed

mission in the absorption bands of two gas components (an unknown
guantity and CO2 which has a relatively constant concentration

in the atmosphere) in principle provides solution of both problems
indicated.
role will remain significant,.

Therefore, one can assume that in the future, their
Numerical simulation of the solution
~f the inverse problem indicates [11] that errors in a number of <the
initial data (errors in radiation measurements, the presence of
variation in the content of water vapor, errors in assigning

ground pressure and temperature) appear to be less significant

and result in a decrease in precision of the establishing by 5-10%.

Let us consider other important sources of errcr which occur
when solving the inverse problem. It is known that analytical
concepts of the functions of transmission only approximately
describe the characteristics of absorption of the actual atmos-
phere; thils results from a model description of contours and
character of mutual positioning of spectral lines in the absorp-
tion bands, the dependence of specbroscopic parameters on

temperature and pressure. In the case of ozones one observes
an anomalous behavior of funectilons of transmission caused by the
presence of large masses of pas being considered with low
atmospheric pressures [13]. This circumstance limits fthe possi-
bilitlies of using the classical Curtis-Goodson method for _
calculating optical irregularity in the atmosphere [13], and
requires considering the Foygtovskily
lines [6].
measurements, the inadequacy of the analytical model used was
confirmed [9].

ozone profile and temperature at a series of aerological stations,

contour of spectral
During interpretation of the data of actual satellite

The presence of simultaneous measurements of the

and also the intensity of the outgoing emission from the satellite

/18
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provided a calculation of optimum values of the parameters used
for the transmissicn model. However, this kind of solution has
only a local value. Therefore, 1t 1s advisable to evaluate the
possible losses in precision involved wlth the Iinadequacy of
transmission functioning. One can assume that the disparity
in the results between the two models of transmission functions
does notexceed the deviation of each of them from the real trans-
mission of the actual atmosphere. In this case, numerical experi-
ments with two models of transmission functioning (solution. of
the first problem using the "precise™ model I and the inverse
problem on the basis of the "approximate™ model II) make it

possible to obtain the lower boundary of the errors beilng con-
sidered.

In view of the fact that the method used for interpretation
is statistical, precision of the results obtained, to a signifi-
cant degree, is determined by the adequacy of the a priori statis-
tics used. Inadequate coverage of a priori information with
practical realization of remote methods results in the necessity
for using "foreign' statistics. For evaluation of the possible
decrease in precision causged by the presence of this factor,
we have carried out numerical experiments 1n establishing profiles
of ozone taken from sampling A using a priori statistics B.

Figure 3 shows the results of setting up three profiles of
ozone on theé basis of regressive model I, The results of calcu-
lations of outgoing emission in two spectral intervals centered
at v=1045 and 1065 cm™~
Frdm the results presented, it is apparent that the inadequacy

gz the initial information were used.

of the model of transmission functioning used is the most signifi-
cant perturbing factor. In this case, relative deviations of

~
—
\D

|

values of the profile established from the initial.amount to 50-100%.

A less noticeable decrease in precision is caused by the use of

"foreign" statisties. Relative errors in evaluating appear to

15
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Pigure 3. A numerical experiment in establishing three
profiles of ozone on the basis of regression model I.
l--true distribution; 2--solution corresponding to the
0.5% level of measurement error; 3--solutilon correspond-
ing to the 2% level of measurement error; l--solution
obtained according to "foreign" statisties; 5--solution

with the presence of an inadequate model of transmission
functioning.

o - ”

be equal to 40-60%. A comparison of curves 2 and 3 makes.it /19
possible to conclude that the level of measurement errors is

the least significant factor affecting precision in solving the
inverse problem. With the presence only of radiation errors,
precision of establishment is characterized by relative -sizes

of 10-30%. Considering the vertieal structure of establishment
error, we find that the largest divergence of a true profile

and an approximate solution is observed in the 30-50 mb layer
which contains the level of maximum concentration of ozone.

We note that this is found in complete agreement with the results
of analysis of information characteristics of tie experiment

carried out in the preceding section.

Similar calculations were made for a case of interpreta-
tion of angular distribution of heat emission. Figure U4 shows
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examples of establishing vertical profilies of ozone on the basis
of regression model II. /19

Han[ ’ a)
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. i 1 ¢ o
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Figure 4. A numerical experiment for establishing three
ozone profiles on the basis of regression model IIT.
l--true distribution; 2--a soluticn corresponding to
measurement with error 0.5% in the spectral interval of
1015 em-1; 3--a solution corresponding to measurement

in the 1015 cm—l interval, "foreign" statisties; 4--2
solution corresponding to measurement in the 1065 cm=i
interval, adequate statistics.

The use of Inadequate a priori statistics results in a signif-
cant divergence of the approximate solution (curve 3) and true
distribution of ozone (curve 1). Relative errors of establish-
ment amount to 20-50%. Random errors in measurement appear to
have a less significant effect on the precision of solution
obtained (eurve 2). The results presented relate to the rre-"
quency of sampling 1015 cm’l; The use of information on angular
| distribution of thermal emission for a spectral interval when
p= 1065 cm-l (curve U4) leads to close results. The data of
Figure 4 attests to the fact that in the area with altitude
20-30 km, one observes the least precision in establishing the
ozone profile. The results cbtained agree wilh conelusions
made in the preceding section on the basis of analysis of
information characteristics.

~
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Let us look at the possibilities of regression model IIL
which combines both types of infrared information. Figure 5
shows veriical distribution of relative errors in establishing

two ozone proflles.

p mo

-a3 -e1. o7 -63 -ér, a1 03 Ag/i

Jﬂa et ] 1 L] i L

Figure 5. Vertical distributions of relative errors in
establishing two profiles of ozone using three regression
models. J--model IT, 2--model I, 3--model III.

The results presented correspond to the three regression
models belng considered. The data of radiation measurements
apply to two spectral intervals centered at 1045 and 1065 cm
and they contained a random error equal to 0.5%. Thanks to the
fact that information on angular distribution of heat emission
contained the largest quantity of information on the upper and
central stratosphere, the results of establishing ozone in
these layers on the basis of regressian models IT and III
Giffer very little from each other. In the atmospheric layers
located below the level of maximum concentration of ozone, a
definite equality in contributions of both types of.remote
infrared informatien 15 observed. As 1s apparent from the

1
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results of calculations presented, precision of establishing an /21
ozone profile, using regression model III appears to be higher

than that which is characteristic for each of the models I and

II separately.

Conclusion

The two last sectlons of the work which explain the study
of effectiveness of the remote method of sampling ozone and based
on different method approaches, are characterized by a number of
mutually agreeing coneclusions., Let us note them.

The data of measurements of angular distribution of out-
going emission contain,basically,information on the ozone profile
in the middle and upper stratosphere. Here, the structure_of
spectral information appears to be very similar in different inter-
vals of the absorption band being considered. The measurements
carried out in the nadir and relating to a "transparent" spectral
interval sﬁpply information on distribution of ozone in layers
of atmosphere lying below the layer of its maximum concentration.
Such measurements in sections of the spectrum where there is
strong absorption contained information on the set.of layers of
the middle and upper stratosphere. Certain measurements of the
limb and nadir contain, to a significant degree, independent
information on stratification of ozone. A method designed for
simultaneous interpretation of both types of infrared measure-
ments is characterized by considerably more uniform information
coverage on the vertical coordinate than either of the tradi-
tional approaches. The lowest precision in establishing the
ozcne proflle concerns the laver of atmosphere whére.it has a
maximum concentration. This indicates the existing difficulties

- in evaluating the true position of the ozone layer.

19



10.

11.

20

REFERENCES

Moskalenko, N.I., "Functions of spectral transmission in
vapor bands of H,0, O3, N0, and N, components in the atmos-
phere," Izvestliya AN SSSR. Fizika atmosphery i okeana 5/11,
1179-1190 (1969).

Ortega, D. and V. Reynboldt, Iteratsionnyye metody reshenlya
nelineynykh sistem upravneniy so mnogimi nelsgvestnymi
LIteration methods of solving nonlinear systems of
equat%ons with many unknowns] Moscow, Mlr Press, 1975,

p. 5540.

Pokrovskiy, O.M. and A.R. Stires, "One class of inverse problems

of atmospheric optiecs," Izvestliya AN S3SSR. Fizika atmos-
phery 1 okeana 12/10 (1976).

Booton, R.C., 'Wonlinear control systems with random inputs,”
Trans. IRE, Vol. CT--1, 9-18 (1954).

lough, S.A. and F.X. Knelzys, "Ozone absorption in the 9.0
miecron region,” Phys. Sci. Res. Papers, Alr Force, Cambridge
Research Laboratories, No. 170, 1965, 79 p.

Gille, J.C. and R.G. Ellingson, "Correction of random exponen-
tial band transmission for Doppler effects," J.Appl.Opftics
7, 1167-1177 (1968).

Goldman, A. and T.G. Kyle, "A comparison between statistical
model and line by line calculation with application to the
9.6 u ozone and 2.7 n water vapor bands," J.Appl.Optics
7, 1167-1177 (1968).

"Ozone data for the world," Meteorological Branch, Department
of Transport of Canada and WMO, Vol. 9, No. 2, 1968, p. 176.

Prabhakara, C., B.J.Conrath, and R.A. Hanel, "Remote sensing
of atmospheric ozone using 9.6 p band," J. Atmos. Secli.
27, 689-697 (1970).

Prabhakara, C., C.B. Rogers and V.V. Solomonson, "Remote
sensing of global distribution of total ozone and the
inferred upper tropospheric circulation for nimbus IRIS
?xper%ments," Pure and Appl. Geophys. 106-108, 1226-1237

1973).

Russel, J.M., "The measurement of atmospheric ozone using
satellite infrared observations in the 9.6 p band," High
Altitude Eng. Lab., Techn. Rep. ORA Project 03635, Univ.
of Michigan, 1970, 144 p.




12. MTallamraja, R.K., "Inference of stratospheric constituents
from satellite 1imp radiant intensity measurements," High
Altitude Eng. Lab., Techn. Rep., ORA Project 0011023, Univ.

of Michigan, 1975, 152 p.

13. Walshaw, C.D. and C.D. Rogers, "The effect of the Curtis-

Goodson approximation on the accuracy of radiative heating-
rate calculations,” Quart. J. Roy. Meteorol. Soc. 89, 122-

130 (1963).

21

R N [ T e —-—n-—r—-——--ur-., Ty
o ] R ET T

i
]




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf

