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Abstract
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?E

The influence of systematic errors in the parameters of the models describing j

the geometry and the atmosphere on the profiles of trace gases retrieved from 31:_:1_1}1_8.1;&6 \é

solar occultation specira, collected at sateliite altitudes, is investigated. It is concluded
that, because of smearing effects and other vncertainties, 3£ ﬁx_:’;y be -pféf'e_rable.td
calibrate the spectra internally by measuring sbsorption lines of an atmospheric gas such

as CC}:‘3 whose vertical distribution can be assumed rather than to rely on externally

supplied information.
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Intioduction

4

it i3 expected that bigh-resolution, infrared, solar, occultation spectra covering

1
wide spectral regions will soon be collected from satellite altitudes. These spectra will
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add significantly to our knowledge of atmospheric properties, including the latitudinal and i
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vertical distributions of many trace gases. However, the guantitative analysis of these
spectra requires a knowledge of the geometry of the experiment and of the
characteristics of the atmosphere along the ray paths., Although this information can be

obtained from external sources, features in the collected spectira, including, for example,

those of gases such &s C02, whose vertical mixing-ratio profiles are well known, can be

2
used to calibrate the spectra internally,

In this paper the influence of sysiematic errors in the path geometry and the ¢

atmospheric characteristics on the derived mixing-ratio profiles of trace gases is

o,

PR
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2
estimated with the simulation methods used previcusly. If is assumed that the data

T3

consist of the equivalent widths of weak lines. The relative merii. of internal and
external calibration of spectira obtained from satellite altitudes are compared and it is
concluded that, in many cases, it may be preferable to calibrate the spectra internaliy by

measuring lines of a gas such as 002 whose vertical and latitudinal distribution is

4 2
reasonably constant. Farmer et al. have previously found that calibrations, based on 3

002 lines, of solar spectra obtained from balloon altitudes also reduced systematic errozs

associated with the atmospheric models and observational geometry. k
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Systematic Brrors Associated with the External Calibration Mz=thod.

The equivaient width of a weak atmospheric line can be written as

W (zi) = ¥ (1}

j Si pia,azﬂ '

whezre Si is the line intensity, pj is the mixing-ratio of the absorbing gas, dj is the air
density, and 61ii is the path length in the jth atmospheric layer traversed by the ith ray
which reaches the instrument at an angle Zi with respect to the local zenith. Scme of the

quantities affecting these equivalent widths zre summarized in Table 1. In general, if the

line intensity depends on parameters s , the mixing ratio on parameters t , the density on
g P

parameters ¥ , and the incremental path on parametezs v , then the change in equivalent
q T

width caused by changes in these parametesrs

' q as 3p
; L 1
) - % Si”idi‘ﬂi[ 58w TRy 5 m
15 % 1 8L,
* g % & b, + B, ¥ 3y _ Ayf] ) @

It is convenient to assume, initislly, that the line intensity is known accurately

and is independent of temperature. In this case the amount of absorber a(zi) along the
incoming rays
a(zi) = W(zi)ls ’ (3)

and

as1
Aalz) = L p.d, 6l Zﬁ.At+ Eﬁlm;+ Y 7 A (1))
SR CEE S CrEl

where we have assumed that the set of x variables is independent of the set of ¥
q T

variables and the set of £ wvariables is the union of the x and ¥ sets.
aq q T

The effects of errors in di and 61 on the values of pj retrieved from a set of

afziB values have been stodied by creating a sot of measurements a(zi) with an appropziate
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set of values for the parameters x , and vy . Mixing ratio profiles were retrieved
q r

successively from these data using incorrect values for each of the parametersx ory.
qQ T
If, for example, the incorrect value xl + Axl was used then, since the correct set of

absorber amount values were analyzed, A a(zi) = §, and Bq. {4) becomes
¥ o4 ax, + L % INE
} dg &

‘°i ox,;

This can be written as

y 2,8 .
i Py 9

If the local mixing-ratio values are independent then

Ap Ad,
+ —1 = »
oy 4
similazly (5)
A A&
_fj. ¢ 1 =@
Py by

The program described by Snider and (~3-<:;1c1:m.n5"5 was used to caleulate the
absorber amounts slong the paths of 125 rays, with nearly egually-spaced tangent heights
between 0 and 50 km, to a satellite 500 km ghove the surface and at 45° latitude. The
absorber was assumed to have a constant mixing-ratio in all three dimensions and to be in
an atmosphere with the temperature and density profile of the U.5, Standazd
Atmosp‘nere.? A wavelength of 5 um was sssumed,

For these conditions the distance along a ray, such as that shown in Fig. 1, from
the tangent point to the satellite is about 2500 km and the distance to a point 50 km
above the tangent point is about 800 km., Variations in the effective radius of the earth or

in the atmospheric temperature, density, and mixing-ratio profiles along these paths have
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not been modelled, nor have the effects of the finite FOV of the instrument and satellite
motion during the period of data collection. F;antu:ar8 has shown the variability of the
density of the atmosphere between 20 and 60 km above the surface from the equator to
65° over periods of up to 72 hours and distances of up to 370 km is typically several
percent. The finite angular FOV causes a spread of the beam at the tangent point of
about 2.5 kr/mrad. Satellite motion may cause the tangent heights of the rays to change
at rates as high as 3 km/sec. Thus the vertical resolution of typical measurements made
with a POV of 1 mrad and for observation times of sbout one second is limited to a few
Tilometers. These effects also set upper limits to the accuracy of the information which

can be derived from the spectrs.

Layer Thickness

The paths of rays through the atmosphere and the total air mass traversed were
calculated by dividing the atmosphere into layers with the same vestical thickness, The
dependence of these calculated air masses on layer thickness is shown in Fig. 2 for-
thicknesses of from 25 m to 20 kwmn and zays with tangent heights of 2.6, 12, and 48 km,
The caleulations are made by assuming there is a constant vertical temperature gradient
in each layer. For the two lowest rays, this is & good approximation for sli layer
thicknesses. The larger variations in the calculated air mass traversed by the ray with a
tangent height of 48 km are attributed to the rapid changes in the temperature gradient
of the Standard Atmbsphere near 50 km. In the Test of this work a layer thickness of 0.25

km. was used. This still caused irregularities seen in some of the figures near the

tropopause level,
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Atmospheric Refraction

The atmospheric dispersion from the visible to beyond 20 um is smatl and, to a
very good approximation, rays of all wavelengths can be assumed to travel the same
paths. However, if refraction is not considered, the calculated air masses traversed by
rays with tangent heights between 0 and 90 km have the errors shown in Rig. 3. If the
mixing ratio profile is retrieved by neglecting refraction, the calculated path segments

6113 required in Egs. 1 and 5 are incorrect and errors in the retrieved mixing-ratio profiles

are produced, as shown in Fig, 4, The irregunlarity near 10 km is dve to the rapid change in

the atmospheric temperature gradient at the tropopsuse.

Reference Pregssure Errors
The atmospheric pressure and density profiles were obfained from the vertical

temperature profile and the sea level pressure P . If the correct temperature profile is
]

used, the pressure and density at any other level and the gir mass traversed by a ray with

a fixed tangent height are proportional to P . Thus

2]
Adsd = AP /P, {6)
[a] [e]
and hence from Eq. (5)
Ap/p = -AP /P . - AN
[+] o]

The fractional errors in the ‘retrieved mj:dng—i'atio, Ap/p, shown i Rig. 5, and

obtained for the case where the ray path geometry is known accurately but AP /P is
o o

equal to £59%, are not independént of height, as expected from Eg. {7), because the change

in the air density causes the refraction effects to be modelled incorrectly.
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Incorrect reference level pressures may be used because of uncertainties in the
large-scale, global variations in atmospheric pressure, density, and temperature. In
addition, smaller-scale variations in these quantities of several percent may occur over
regions much smaller than those traversed by the ravs.s These variations are difficultl to
model in the spectral analyses described here and they may limit the accuracy of the
retrieved mixing-ratio profiles. Since pressure and height are related, the use of an
incorrect reference pres'sure at a known altitude is eqnivalént to choosing an incorrect
altitude for the reference pressure. These r.elations can be estimated for an isothermal
atmosphere in which the pressure and density are givea by

P(h)

P exp (-h/H), (8)
o

and d{h) d exp {-h/H), (9)
o

where the scale height of the atmosphiere

H = RT/Mg, (10)
is approximately 7 km below 50 km in the Standazd Atmosphere.

Since

AwE = AP /P , (11)
°

[»]

a five percent error in P is equivalent to an error of 0.4 km in the tangent heights's of al
[ ]

the rays.

Brrors in Atmospheric Temperature
The dependence of atmospheric density on temperature can be approximated by

considering an isothermal atmosphere with a fized reference pressure P . PFrom Egs. (8)
o

and (10)

AL iy G s




7 _ ORIGINAL PAGE IS
AP = MghPAT/RT , 'OF POOR QUALITY (12)

and, for a perfect gas,

d = MP/RT.
2
Thus Ad = MAP/RT - MPAT/RT , (13)
and Ad/d = (h - H)AI/HT. (14)

As the temperature of the entire atmosphere is changed the density remains -
constant nearh = H but it increases at a rate of about 2.5%/K mear 50 km. From Rg. (4)
the dependence of the errrors in the retrieved mixing-ratio profiles on these density
changes is also deseribed by Eq. (14).

The fractional changes in the atmospheric density cansed by changing the
temperatures at all levels in the standard atmospheze by +5%K and the corresponding
fractlonal errozs in the retrieved mixing-ratios in Pig. 6 are similar to those predicted by
Bq. (14). Lasger errors in the mixing-ratic may occur if the line intensities depend on
temperature. It is plenned to discuss these effects elsewhere since they may be used to
c¢btain improved estimates of the temperature profile if the mixing-ratio of the absorbing
gas is known.

The differences in the tangent heights of rays which pass through the same alr
masses in 1sqthezjmal atmospheres at different temperatures are obfained from Egs. (9)
and (14)

Ah = (H -~ BAT/T. (15)

These differences increase to about 0.4 km neér 50 km for a cne percent change

in the temperature of the entive atmosphere. In addition to mixing-ratio errors caused by
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the uvse of Incorrect vertical temperature profiles unmodelled horizontsl temperature

variations may also affect the aceunracy of the retrieved mixing-ratio profiles.

Satellite Heights

It is seen from Pig. 1 that a change Aa in the satellite height causes a change
Aa cosO =~ Aa in the tangent heights of all the rays. From Bq. (9) Ad/d + AWH = 0.
Thus, for an isothern;ial atmosphere, the rate of change of density with height, and hence
of the air mass iraversed with the tangent height of a ray, is about 14%/km. The errors in
the retrieved mixing- ratios caused by errors of +1 km in the satellite height, shown in
Fig. 7, are approximately 14% and the vertical dependence is very similar to that caused

by errors in P . To reduce the errors to less than 196 the satellite height must be known
Q

to better than 100 m.

Latitude Error
]

1

The effective radius of the earth and the acceleration due to gravity are hoth
latitude dependent and the air masses 'traversed by rays reaching an observer at fized
incoming angles vary with latitude. A series of calculations has shown that, for an.
observer at 50 km, the air masses traversed by the rays varied by less than +4% fmm the
value at 45°, as the latitude was varied from 0° to 90°, and the changes were essentia;Hy
the same for all raﬁs w*ithrtangent heights between 0 and 56 km. Thus, since the latitﬂde

is alwsays well determined, these changes shguld 16t be a significant source of erzor. .
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Incoming Angle Brrors

Atmosphere paths are calculated from the angle 2 shown in PRig. 1, between the
local zenith and the arriving rays. This angle can te measured directly or it can be
caleunlated from the known position of the instrlument and the time of observation,
provided atmospheric refraction is included.

An error Az in this angle causes an error Ab = LAz in the tangent height, where
L is the satellite-to-tangent height distance. For a satellite at 500 km, Ab/Az is
approximately 2.4 km/mr or 40 km/1°. This corresponds to a rate of change in the
atmopheric density at the tangent height of about 6009/1°. The changes in the retrieved
mixingqa;tio caused by systematic errors in z of 0.01° and corresponding errors in b of
0.4 km are shown in Pig. 8. As expected, they are nearly independent of height and

average about 6%.
When the angle z is calculated from the parameters of the satellite orbit, errozs
may arise from incorrect estimates of the satellite height, the position in its orbit, the

plane of the orbit, or the time of observation. For the two-dimensional geometry in Fig. 1

z = 9 + O, (16)
Az = AD.
cos® = (R + bR + a), ‘ (17)
Ab = LAz,

and -sinBAO = -(R + Db)Aa/(R + a)z + (a - DAR/AR + a)z + AbAR + a)

Por a satellite witha = 500 km, R = 6400 km, and b « a, errors of 0.5 km in

a, of 6 km in R, or of 0.01° in © or z cause 79% errors at all heights ir the derived
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mizing-ratio profile, The same error is caused if the position of the satellite in its orbit
is uncertain by 1.2 km or if there is 3 timing error of 0.16 sec. Since all of these errors
affect the derived mixing-ratio profiles in the same manner as errors in the reference

pressure, additional information must be supplied if the origins of suspected errors are to

be identified.

Satellite Motion

For the two-dimensional geometry in Fig. 1 and for a satellite in a circular orbit
at 500 km the tangent height of a ray changes at a rate of about 2.8 km/sec., in the
absence of refraction. The distortion of these paths due to changes in the atmospheric
density gradient and to refraction have been discussed by Garriottg and Russell.m

The corresponding rate of change of air mass, in an isothermal atmosphere,
obtained from Bq. 9 is about 409/sec. These rates of change of air mass as functions of
the change in apparent zenith angle werze also calculated for an atmosphere with &
temperature gradient of 1 K/km and for the U. S. Standard Atmosphere with refraction
effects included. The results are shown in Piz. 9. In both cases the mesn rate is about
40%/sec. However the rate varies significantly with the tangent heights of the rays
because it is affected both by refraciion and by the atmospheric tempersture gradient
near the tangent height. Since the mean air mass traversed by the sets of rays reaching
az instrument is obtained by weighting over the FOV these results show that the weighting
iz a Mction of the temperatuze profile and changes in the temperature gradient must be

considered when the mixing-ratio profile is obtained from actuzl data.
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The amount of an absorbing gas along the atmospheric paths traversed by'solar
rays can be obtained from the equivalent widt.‘r‘ls of weak absorption lines in solar spectra
provided the models used to describe the geometry of the experiment and the strueture of
the atmosphere are kriown. The effecis of systematic errors in these parameters on the
retrieved mixing-ratio profiles of the absorber have been estimated. With the exeeption
of the cifects of atmospherie r:efracticn and errors in the temperature profile these errors

produce nearly identical effects on the retrieved profiles. These effects are equivalent to

an error in the tangent heights of the rays producing the set of spectra which is

independent of the height of the ray. The magnitudes of these effects agree with those

estimated by making simplifying assumptions about the experiment design.

A .
Mt Sby e e e 1o, -

The existence of these errors can be detected by comparing the mixing--ratio of

Ty
’.‘?d..

a gas whose vertical distribution in the atmosphere is known with that obtained by

5T

CTER

.

analyses of the equivalent widths of its lines in the spectra. However, because of the

[
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similarities of these effects it is not possible to determine, from these profile differences,

either the number of parameters in Table 2 which are in error or the magnitudes of these

errors unless additional information is supplied or different types of measurements are

made. No discussion of the influence of several smearing effects present in the spectra.
on the derived mixirig-ratios has been given although it has been pointed out that these
can substantizlly Iedueé the vertical resolution. 11 Incorrectly modelled smearing _

effects may lead to systematic erfors substantially larger than those in Table 2. In the

remainder of this discussion the method of internal calibration is discussed. Although e

11
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itself subject to systematic errors these are expected to be sman. This method does avold

many of the errors due to the incorrect.modelling of smearing effects a3 well as many of

the systematic errors discussed above.

Internal Calibration ef Occultation Spectra

When the information about the atynospheric paths is obtained from external
sources several e=rors affect the retrleved profiles in nearly identical ways. This occurs,
in part, be ause the spectral information concei'ning thé atmosphere, carried by a ray
with a fixed tangent height and which originates outside the atmosphere, and is collected
outside the atmosphere, is not influenced by the positions of either the source or the |
detector along the ray and hence by the particvlar sets of parameters which deseribe
these positions. It has also been noted that the gnality of the spectirs is degraded by the
finite POV of the instrument, satecllite zzu:n:icn,11 atmospheric refraction, and temperature
- and density - profile variations along the #tmospheric pathl2 and thet it is unlikely that
all of these effects can be satisfactorily modelled in the anslysis.

Internal calibration removes many of these uncertainties I;ut also _introduqes new

ones. In this method, Information sbout the atmospheric path is obtained from sbsorption

lines in the spectra. Lines of (303 are often measured bacause its vertical and latitudinal
mixing-ratio is nearly constant and the parameters of many 002 lines are sccurately

known. We consider, initiglly, the information obtained by measuring the eguivalent width

of a single weak (.‘.03 line, with a temperature-independent line intensity, in & single

spectrum. This allows one aspect of the path, such as the total amount of COZ, to
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be obtained. The additional information obtained by measuring the equivalent widths of
several Hnes jn different regions of the curve of growth, by measuring lines whose

intensities are temperature dependent, or by measuring the chapes of lnes is considered

iater,

If Wo and Wl are the equivalent widths, in a single spectrum, of weak lines of
002 and a trace gas, respectively, and if the corresponding line intensities sﬂ and SI are
temperature independent, then, from Bq. (3), the amount of C:O2 slong the path
a = V'&Tﬂ/'s0 . (18)

1]
and the amount of the other absorber

e =W/ . (19)
1 11
If tke CO2 mixing-ratio po is constant with height and slong the path traversed

then the total air mass traversed
A=W/SSp , (20)

0 00
and the mean mixing-ratio of the absorber slong the ray path, relative to that of CO

p:l = allﬂ. . (21)

These simple resulis are obtained because the ineremental equivalent widths are additive.

In this approach both eguivalent widths have been gveraged in some (unknown) manner
over the FOV of the instrument and they are weighted by the other factors diseussed
above which é.fféct the gquality of the data. If the specira are obtained by a Fourier

Transform Spectrometer information concerning hoth of the lines Wo and Wl is collectes

simultaneously. Provided the lines are both weak and neither of the mixing-ratios change
rapldly over the FOV both of their equivalent widths are subjected to the same weighting

processes which are then automatically raticed aut of the final results. Thus the values
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for the total air mass traversed and the mean mixing-ratio of the unknown absorber given
by Eqs. (19) and (21) do not contain the implicit uncertainiies associated with the

uncorrectable smearing effects of the external calibration methods,

s e e e s e

Additional measurements or assumptiions are still required to obtain the
3
distribution of the unknown absorber with height. In the previcus paper this distribution

wasg obtained from the measured eguivalent widths WI and the known geometry and the
atmosypheric structure. Thus the mixing-ratios could be determined either as a function

of altitude or of pressure.

In the internal calibration method the geometiry is inferred by comparing the W

N .
....4.5.1.:-‘&.‘&.\ e et ol i iy o g A g )

measurements with another set obtained from Eq. (20) and by assuming the atmosgheric

temperature, density, and CO2 profiles are known. The nuknown mixing-ratio is then

3
obtained as described previously. These atmospheric paths will differ from the actual

a
B PP R

paths if these assumed profiles are incozrreet. Thus errors in the mixing-ratio profile of

the unknown absorber will oceur which will depend on the nature of the systematic error

and the method used to describe the profile. Ror example, an error of APo (e.g. of one

percent) in the reference pressure Po does not affect the estimates of the total air mass

traversed since air masses are derived from Bqg. {20). However, from Bq. (11) it can cause

a corresponding error Ah (~0.1 km) in the tangent heights of 21l rays and hence the entire
mixing-ratic is displaced vertically by Ah.

The. effects of other types of errozs can be estimated in a similar fashion und
they are listed in Table 3. With the exception of errors in the temperature prafue these

effects are independent of the tangent heights of the rays. If the values in Table 3 are

et - e T T T e A T o e T
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added in quadrature the total uncertainty is less than 1 km, This is less than the vertical
resolution due to the smearing effects already discussed. It is also smaller than the : \
vertical v2solution of the trace gas profiles expected to be obtained from mid-infrared,

occultation specira obtained with state of the art Fourier transform spectrometers at

balloon or satellite altitudes, If reasonable assumptions are made concerning the rate of =L

data collection and the SNR this resolution is typically seversl kilometers. Thus internal

calibration iz appropriste for these measurements. oo

The internal calibration method does require the 002 line intensities and its

mixing-ratio. Although the spectsuin of (','(?J2 has been extensively investigated the wide

4
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range of intensities required to obtain accurate equivalent widih information may require

additional quantitative laboratory measvrements of CO2 spectra. A careful evaluation of

4
the giobal and termporal variations in the atmospheric CO3 mixing-ratio is also needed,

i3
Mauersberger and Pinstead have summarized some of the information on atmospheric

SN
s }

T
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;‘1‘.’ &

002 and have deseribed some higher-than-expected 002 mixing-ratios obtained gbove

25 km at night.

Some additional types of information which may improve the accuracy of the

results is discussed below.

Relative Times of Data Collection

The rate of change dzlidt of the zenith angles of the incoming rays and the

corresponding rate of change db/dt of the tangent height of rays rezching & sateliite are

nearly constant in a given occultation. Thus the scatter in the equivalent tangent heights

15
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bi with time sllows the consistency of the data to be es;timated. Nearly constant
systematic shifts between all of the values obtained by internal calibration of the spectra
and those calculated from the orbitel parameters may be due, for example, to timing
errors. Differences at low tangent heights below 10 km may be caused by improperly

corrected refraction effect and uncertainties in the th}2 mixing-ratic or departures from

LTE may produce differences between the observed and calculated curves for tangent
heights above 76-80 km. However, good agreement can usually be expected for rays with
tangent heights between sbout 20 and 50 km and these data can be used to improve the

calibration of spectra which do nct contain 002 lines suitable for calibration.

Measurements of Several Lines

The bards ané Hnes of C02 have a wide range of intensities. Thus by measuring

the eguivalent widtks of a number of lines in each spectrum the consistency of the
measurements can be estimated and those lines which are too weak to be measured
accurately or which lie outside the lnear region, can be rejected. The effective SNR is
aiso improved by measuring a number of lines.

Because of the very large variation in the air masses traversed by rays with

tangent heights from 0 to above 50 km it is necessary to measure CO2 lines with a

corresponding range of temperature-independent intensities in order to maintain high

precision. In genersl, this will reguire measurements of C02 Yines, with small lower state

energies, in bands with different intensities.

16
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Lines Not in the Linear Region

It has so far been assumed that the equivalent widths of the (302 celibration
lines can be obtained from Eq. (1), which can be written as

W (z i) = );: Awii .

If the CO2 lines are not in the linear region of the curve of growth the
incremental widths Awij depend on the local atmospheric temperature and density and

they are no longer additive. The weighting of such lines over the FOV and other smearing

effects is different from that for weaker 003 Iines or weak lines of irace gases.

In these cases one of the principal advantages of the internal calibration method,
the ability to assume that the smearing effects are the same for all lines, is Jost. Jt is

therefore important to choose coz calibration lines which are in or close to the linear

region of the curve of growth.

Measurements of Temperaiure Dependent Lines

Because the atmosphere is not isothermal the weighting of the equivalent widths
of the lines over the FOV depends on the temperature dependence of the lines in aéditién
to other effects previously consilered. Since the strongest Umes of most trace gasegs are

not strongly temperature dependent CO2 lines with a similar temperature dependence

should be chosen for calibration. Discuséions of the atmospheric information contsined in

14,15
temperature dependent 002 iines are glven elsewhere. '

Curve PBitting

Spectral curve-fitting is s powserful method of extraciing information

17
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if the models describing the spectrom are accumte.l&'n Parku has shown that the
effects of satellite motion during data collection aﬁd also other effects distort the . l
occultation interferograms and consequently the spgetra derived from them and that i
these smearing effects on the line shapes are difficnli to model accurately. These _'\i{

c 3
methods are not explored in this paper. Shaffer and Shaw have shown that more

information or the vertical distribution of gases can be obtained by collecting as may | 4

spectra as possible during an oceultation than by inferring the distribution from the

Ay et v

profiles of the lines in a single spectrum. One of the principal effects of measuring

equivalent widths is to smooth the noise in the data snalyzed.

Conclusions

Internal calibration of satellite occultation spectra from measurements of the

o Bkl A dy i ik e e 2o o ke e Btk ok )
Bkt By ns

ik

i3

equivalent widths of wesk, temperatuore-independent 002 lines may be preferable to

\'{

8

e
LR |
T
A

calibration bagsed on error-yrone externsl information. It is expected that infernal

+

v
R

calibration should sllow the mean tangent heights of the rays to estimated to about 1 km

3!
Aetviel

e
g -

] H
;_,‘1,‘..“\~ A

snd the mixing ratiog of trace gases to about five percent.

e

These uncertainties increase if the intensities of the lines used for calibration ' . . 'JJ

are temperature dependent snd if the lines are not in the linear region of the curve of

}
growth because the welghting of the absorber over the FOV and other smearing effects

depend on the line parameters.

However, because of the large numbers and the wide range of intensities of 003 - .
lines appearing in the solar spectrum the aceuracy of the internal calibration method can =

be maintained over wide height intervals. ' e ]

18
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Table 1. Quantities Affecting the Equivalent

Widths of Weak Lines in Solar Spectra

Variable Parameter

Line Intensity Atmos. temperature

: height

Atmos. density sea level pressure

Atmos. temperature
profile

observer altitude
geometrical path atmos. refraction

latitude
angle of arrival of ray
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Table 2. Sources of Error aqﬁ Their Effects

oxiGINAL PAGE 1S

o b 8 et e e -

on Retrieved Mixing Ratio Profiles " OF POOR QUALI
‘ Mixing Ratio Error, Change Required for
Quantity in Error Dependence on Height . 1% Error in Mixzing Ratio
Refraction only important below 25 km
Reference Pressure independent of height APO = 10 mb
Temperéture Profile increases with height
i
Satellite Height | independent of height Ah = 80 m
Latitude " " "
Radius of Earth " " " 1 km (at 45°)
Angle of Incbming Rays " " " 0.002° .
Time of obs. " " " 0.03 secs
Position in orbit " " " 0.25 km
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Table 3. Dependence of the Frrors in the Tangent Heights of Rays .'.
. . '}
Made by Using Internal Calibration Methods on |
Systematic Errors in the Assumed Parameters Values ;{
| . i
; Systematic ' "-i

' Fractional Corresponding Change in '

Parameter Errors (%) Tangent Height of Rays

Sea level pressure 1 0.1 km ¢

' i

Temp Profile 1 (3K) <0.5 km 2

o

C0y mixing ratio 1 0.1 km #.‘41

Lire intensity 1 0.1 km *i
Equivalent width 1 0.1 km b

["2"".'

! § : e
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Pig. 1

Pig. 2

B

Pig. 8

Pig. 4

Fig. 5

Pig. 6

Fi% 7

Pig. 8
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b

Occultation Geometry, For a mean earth radius R = 6860 km and a satellite
height a = 500 km the distance L is about 2500 km, the angle © 15 al?out 21° and
the zenith angle 2z is about 111": J

The dependence of the air maés traversed by rays with tangent heights of

approximately 3, 12, and 48 km on the thickness of the atmospheric Iayer.s used

i

¢

in the caleulation. The fractional change in air mass with respect to that
cqlculated for 25 m thick layers is showm.

The dependence of the fractional air mass error elong the rays, due to the
neglect of atmospheric refraction, on the tangent helght of the rays for the
case of an observer at 500 km.

The height dependence of the fractional errors in the mixing-ratio profile
caused by the neg.ect of atmospheric refraction in the retrieval,

The height dependence of the fractional errors i the mixing ratio profile
caused by five percent errors in sea level pressure,

The height dependence of the fractional errors in the retrieved mixing-ratio
profile eaused by assuming +5 K changes at all heights in the U, S. Standazd
Atmosphere temperature profile.

The height dependence of the fractional errors in the retrieved mixing-ratio ;

profile caused by errors of x1 km in the satellite height.

R

The height dependence of the fractional errors in the retrieved mixing-ratio

profile caused by errors of £0.01° in the angles of the incoming rays.
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Pig. 9 Practional rate of change of air mass (see ) for an observer &t 500 km
a) 11.S. Standard Atmosphere b) atmosphere with a temperatore gradient of

1 K/km. The tangent heights of the rays decrease from 90 to 0 km. r
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