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Abstract

Infrared emission spectra for atmospheric profiles
consisting of 17 gases, including chlorine monox-
ide (ClO) corresponding to maximum observed lev-
els (Antarctic winter), were simulated using the Ref-
erence Forward Model (RFM) developed at the Uni-
versity of Oxford for the forthcoming European Space
Agency (ESA) Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) mission. Jacobians
(Weighting Functions) were calculated using small per-
turbations to the ClO profile to determine how accu-
rately information about the ClO Volume Mixing Ra-
tio (VMR) may be retrieved from MIPAS, corrections
having been made for Field-Of-View (FOV) effects as
well as noise apodisation. It was found that ClO pro-
file information for Antarctic winter conditions may be
retrieved within typical 1 � error bars of � 50% (corre-
sponding to � 1.0 ppbv) at best, at altitudes of 17 km
and 20 km. At 23km, the 1 � bars were � 80%, although
it may be possible to achieve improved accuracy by av-
eraging a number of single spectra. Outside the � 17–23
km range, simulated error bars became too large for any
useful measurements to be made. Furthermore, ClO is
not sufficiently abundant at midlatitudes for useful pro-
file information to be obtained.

1 Introduction

In the late 1980s it became clear that ozone was be-
ing depleted over the polar regions due to chemical pro-
cesses following the decomposition of man-made chlo-
rofluorocarbons (CFCs). Stratospheric ozone normally
provides very effective shielding against ultraviolet ra-
diation, which has damaging effects on humans and an-
imals. It is therefore important to be able to monitor
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levels of both stratospheric ozone and other gases which
are involved in its destruction. One of these gases is the
free radical chlorine monoxide (ClO).

ClO is difficult to detect because of its low abun-
dance and weak emission spectrum which tends to be
swamped by infra-red radiation from other emitters.
ClO has been observed before from ground stations
[1], aircraft [2], stratospheric balloons [3] and satellites
[4]—as described in Section 4. However, it is not yet
clear whether the MIPAS instrument due to be launched
on Envisat-1 will be able to detect it. Some previous
analysis [5] has been carried out, but was completed be-
fore MIPAS had been constructed and hence before de-
tails of MIPAS’s actual Noise Equivalent Spectral Radi-
ance (NESR) and spectral resolution were known from
instrument testing. This previous work also lacked the
full statistical retrieval analysis adopted here. The pur-
pose of this study is therefore to determine whether re-
mote sounding of ClO will be possible in view of all
that is now known about MIPAS.

2 The MIPAS Instrument

MIPAS is due to be launched by the European Space
Agency (ESA) on Envisat-1 in late 2001 [6]. Envisat-1
will be a sun-synchronous, polar-orbiting Earth obser-
vation satellite, intended to provide data over a five-year
period.

MIPAS is a high-resolution Fourier transform spec-
trometer, designed to make measurements of gaseous
emission spectra at the Earth’s limb. Versions of
MIPAS have already been operated from the ground,
aircraft and stratospheric balloons. However, MIPAS
on Envisat-1 will be the first spaceborne high spectral
resolution limb emission spectrometer which covers the
whole mid infrared.

One of the objectives of MIPAS is to make simul-
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taneous and global measurements of geophysical pa-
rameters in the middle atmosphere, including temper-
ature. In particular, the instrument is designed to ob-
serve emission lines due to the six major species

���
,��� �

,
��� ���

, � ��	 , ��� � and
� � �

with the aim of
generating climatology data and improving our under-
standing of stratospheric chemistry. The retrieval of
these parameters is to be performed in Near Real Time
(NRT). Further products will be able to be retrieved
non-operationally, particularly by scientific institutions
such as the Department of Atmospheric, Oceanic and
Planetary Physics (AOPP) at the University of Oxford.

MIPAS’s spectral coverage is in the range 14.6 
 m to
4.15 
 m or 685 cm �� to 2410 cm ��� in five wavelength
bands. Its design sensitivity is better than 50nW/cm

�
sr cm �� , decreasing to 4.2nW/cm

�
sr cm ��� at the short

wavelength side. Ground tests have indicated a noise
performance a factor of two better than this.

3 Chlorine Chemistry in the
Stratosphere

3.1 The Chlorine Cycle

Free chlorine (Cl) atoms are produced by the destruc-
tion of CFCs and other chlorine source gases via ultra-
violet photolysis in the stratosphere.

The stratospheric chlorine cycle and its coupling to
the nitrogen cycle and the less important bromine cycle
is extremely complicated, comprising dozens of reac-
tions, but there are four rapid reactions involving Cl,
which are the most significant on short time-scales [7].

Chlorine monoxide (ClO) is created and destroyed in
a catalytic cycle involving monatomic oxygen:

����� ����� ��� � � � � (1)

��� � � � � ����� � ��� (2)

Coupling to the nitrogen cycle is provided by the re-
action:

��� � � � � � ����� � � ��� (3)

ClO is also destroyed by photolysis:

��� � ����� � ����� � � (4)

Reactions (1)–(4) largely determine the concentra-
tion ratio [ClO]:[Cl]. Interconversion of Cl and ClO
typically occurs on a time scale of one minute at 30km.

Note that (2) and (3) require the reagents O and NO
respectively, which are generated by photolysis. Also,
(4) is dependent upon solar illumination.

There are also reactions which convert Cl and ClO
to reservoir species. These play an important role in
determining the magnitude of the [ClO+Cl] sum over
time scales longer than a day.

Further reactions yield hydrochloric acid (HCl):

������� � 	 � � � � � � ��� (5)

����� � � � � � ����� � � (6)

����� ��� � � ����� � (7)

����� ��� � � � � ����� � � ��� (8)

HCl is the longest-lived and consequently most abun-
dant Cl reservoir species, having a lifetime of about a
month.

HCl is broken down largely by reaction with OH:
� � � � ��� � � � � � ��� (9)

which returns Cl to its active form.
Another reservoir species, ��� � � � � , is generated in

the reaction:

��� � � � � � ��! � ��� � � � � ��! � (10)

where ! is any molecule, required for momentum con-
servation.
��� � � � � can undergo photolysis or react with O

atoms:

��� � � � � ����� � ����� � ��� (11)� ��� � � � � � (12)� � ��� � � � � � "$#&%('()+*-,&.
(13)

which return Cl to active forms.
The lifetime of ��� � � � � is dependent on the inten-

sity of UV light present, varying from about six hours
in the midlatitude lower stratosphere to about an hour at
40 km.

HOCl is produced too:
� � � ����� � � � � ����� � �/� (14)

However, HOCl undergoes fairly rapid photolysis, on
the time scale of less than one hour throughout the
stratosphere:

� � ����������02143 576$8:9$;=< � ��� � � � (15)� � ����������02143?>�6�5�9$;=< � ����� � � (16)

returning Cl to active forms.
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3.2 Heterogeneous Chemistry

It should also be noted that reactions can occur on or
in aerosol particles, such as Polar Stratospheric Clouds
(PSCs) and liquid water/suphuric acid droplets. This is
known as Heterogeneous Chemistry. These reactions
can be of great importance in converting inactive Cl
compounds to active forms of Cl in the polar strato-
sphere.

Two types of PSCs are distinguishable [8]. Type I
PSCs form at temperatures below about 197 K and con-
sist of condensed

��� ���
and
��� �

. Type II PSCs form
below the frost point (187 K) and are mainly made up
of
��� �

ice. Both these types are apparently confined to
polar regions within the polar vortices, occurring dur-
ing winter and early spring. The presence of PSCs can
decisively affect stratospheric conditions.

For example, the reaction

� � � � 0���< � � � � 0 � < � � ��� � � 0���<�� (17)

which occurs on sulphate aerosols, leads to the conver-
sion of

��� � � to
��� ���

. This denitrification causes a
reduction in the abundance of

� � �
because

��� � � is a
nighttime reservoir for

� � �
. In turn, this leads to an

increase in the ratio of ClO to ��� � � � � (as can be seen
from reaction (10)), enhancing the ability of Cl to de-
stroy ozone.

Also, at low temperatures, the hydrolysis of ��� � � � �
can occur as the water content of the sulphate aerosol is
increased:

��� � � � � 0���<� � � � 0 � < � � � ��� 0���<� ��� � � 0���< � (18)

The HOCl is then rapidly photolysed, generating Cl.
The process therefore has the net effect of converting
the reservoir species ��� � � � � to active Cl.

4 ClO profiles: models and obser-
vations

Many attempts have been made to model ClO mixing
ratios. However, modelled [ClO:HCl] concentration ra-
tios consistently exceed those measured for altitudes
above about 30 km. Furthermore, in situ measurements
of the [ClO:HCl] concentration ratio in the lower strato-
sphere are at least twice as large as predicted values [7].

Another common characteristic of the models is that
they have underestimated the abundance of ozone com-
pared to observations, a phenomenon known as the

Figure 1: A typical midlatitude day-time ClO profile [10] (dotted
line) together with the profile chosen to give a reasonable maximum
for the observed mixing ratio of ClO [13] (solid line). This maximum
profile corresponds to extremely high ClO levels observed in ‘ozone
hole’ conditions during the Antarctic winter. Note that the midlati-
tude profile peak is similar to the ‘subsidiary peak’ displayed by the
Antarctic winter profile (see Section 7.2).

‘ozone deficit problem’. The discrepancy may be as
large as 45% in the upper stratosphere. Also, even re-
cent three-dimensional modelling [9] has overestimated
by several times the abundance of ClO.

One of the causes of this discrepancy between mod-
els and observations may be the uncertainty in the rate
coefficients of the reactions involved.

Since there are still significant gaps in our under-
standing of the chlorine cycle, we can conclude that it is
better to use observed ClO mixing ratios for the purpose
of this simulation.

Many such observations have been carried out in the
last few years. Moreover, measurements have been
made from a variety of platforms, including remote
sounding via spectroscopy from ground stations and
satellites, as well as whole air sampling form aircraft,
balloons and rockets. Recent observations [7] indi-
cate typical midlatitude daytime ClO profiles peaking
at about 0.6 ppbv at an altitude of around 35 to 40 km.
Such a profile [10] is displayed as the dotted line in Fig-
ure 1.

However, since ClO lines are difficult to detect in the
infrared spectrum, it is desirable to use an observed pro-
file which corresponds to the maximum occurring mix-
ing ratio of ClO.

Observations [11] show a polar winter ClO profile
peaking at a mixing ratio of over 2 ppbv at an altitude
of approximately 20 km, with a subsidiary peak at ap-
proximately 35 or 40 km. This profile was recorded
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over Antarctica in mid August during ‘ozone hole’ con-
ditions in the southern winter. It is to be expected that
maximum ClO levels will be found in polar regions dur-
ing the winter because PSCs play an important role in
controlling levels of ClO (see Section 3.2).

It is interesting to note that although ClO is enhanced
over the Arctic too, levels for the northern winter are
not nearly as high. This is because the Antarctic winter
stratosphere enjoys unique meteorological conditions,
being very cold and highly stable. In contrast, the Arctic
stratosphere is warmer and much less stable: air masses
tend to move in and out of the region every week or
two [12]. Moreover, the Arctic vortex breaks down
in early spring due enhanced planetary wave activity,
whereas the Antarctic vortex does not break down until
late spring [8].

Consequently, to simulate a reasonable maximum,
a profile has been chosen which corresponds to an
Antarctic winter. Such a profile [13] is displayed as the
solid line in Figure 1.

Nevertheless, it is also of interest to determine
whether it may be possible to observe ClO at midlati-
tudes from MIPAS. At midlatitudes, ClO has been ob-
served [14] to vary from a nighttime Volume Mixing
Ratio (VMR) of almost zero to typical daytime levels of
around 0.3–0.6 ppbv. The ClO VMR is almost constant
through the middle part of the day, between about 9am
and 4pm. This diurnal pattern shows only moderate sea-
sonal variation, peak levels being somewhat higher in
the summer and autumn than in the winter and spring.

The sun-synchronous orbit chosen for Envisat-1 (see
Section 2) will mean that all its observations are made
at approximately 10am and 10pm local time for each
region being observed. Therefore, we can expect that
MIPAS will encounter daytime midlatitude ClO profiles
peaking at levels in the region of 0.6 ppbv.

5 The Reference Forward Model
(RFM)

5.1 General Information

The RFM is a line-by-line radiative transfer model, de-
signed to perform reference calculations to be used in
the development of MIPAS. It was developed [15] under
an ESA contract at AOPP at the University of Oxford,
UK.

Figure 2: Emission spectrum due to ClO only, based on the VMR
profile shown as the solid line in Figure 1. The spectrum is for an
altitude of 20 km. There are few other ClO emission features outside
this wavenumber region.

5.2 Use of the RFM for modelling the ClO
spectrum

In the simulation used here, the RFM models an atmo-
sphere based on the 17 gases which generate the largest
contribution to the required emission spectrum. The
abundances of the gases correspond to levels typical for
the Antarctic winter. 8 gases are simulated ‘line-by-
line’ using the HITRAN line lists, while the remaining
7 are tabulated Cross-Section (XSC) only. The Field-
Of-View (FOV) convolution is included to all for the
finite size of the interferometer optics.

The simulation calculates spectra and correspond-
ing VMR Jacobians (Weighting Functions) at altitudes
from 8 km to 53 km with 3 km resolution: 16 altitudes
in all, covering the entire MIPAS scan range.

Preliminary analysis using the RFM showed that the
ClO spectrum has significant features only in the re-
gion 800 cm �� to 900 cm ��� , so only this region of the
MIPAS spectrum is considered. A plot of an emission
spectrum due only to ClO is shown in Figure 2.

However, even the strongest features of the ClO spec-
trum tend to be swamped by emissions from other at-
mospheric gases. The RFM can be run to simulate the
contributions due to other gases in the region of interest
chosen here. The results of such a simulation are shown
in Figure 3.

It may nevertheless be possible to disentangle the
ClO spectral contribution from that of other gases. Fig-
ure 4 shows the spectral difference between otherwise
identical model atmospheres for the case where ClO is
present and the case where no ClO is present. Compare
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Figure 3: Emission spectrum (again at 20 km) due to the most sig-
nificant atmospheric gases, including ClO. Pressure and temperature
conditions and the gaseous abundances correspond to the Antarctic
Winter. By comparison with Figure 2, it is clear that the ClO spec-
trum is swamped by other spectral contributions.

this with Figure 2, which shows the simulated infrared
spectrum from an atmosphere containing only ClO.

A sample RFM ‘driver table’ is shown in Table 1
[15]. The *FLG section shows that we want to write
the Radiance Spectra to .rad files (RAD flag), that we
want to perform a spectral convolution with the Instru-
ment Line Shape (ILS flag), that Jacobians are to be
calculated (JAC flag) and that a Field-Of-View convo-
lution is being applied (FOV flag). The *SPC section
identifies the wavenumber region which is of interest
for the ClO emission spectrum. The *GAS section iden-
tifies the 17 gases to be used in the simulation, while
the *ATM section gives the filing locations where data
about the atmospheres used in the simulation is held.
Tangent heights are listed under *TAN, and *JAC spec-
ifies the heights for which Jacobians are to be calcu-
lated, both corresponding to the entire MIPAS altitude
range. *HIT gives the filing location of the HITRAN
line data file, and *ILS gives the location of Instru-
ment Line Shape data. Finally, the *XSC section holds
molecular cross-sectional data on 9 of the gases and the
*FOV gives the FOV convolution data file.

6 Theory

6.1 Mathematics of the Retrieval

MIPAS is designed to retrieve the altitude distribution
of various gases from limb-scanning observations of
the atmosphere; in this case, ClO is being considered.
This retrieval requires the fitting of a theoretical model,

*HDR ! output file header
28-MAR-00 All gases present
*FLG ! RFM flags

RAD ILS JAC FOV
*SPC ! spectral range and resolution

800 900 0.025
! region of interest for clo

*GAS ! list of absorbers
H2O CO2 O3 HNO3 F11 C2H6 OCS
F22 F12 CCl4 NO2 F113 NH3 F114
ClONO2 HNO4 ClO

*ATM ! atmospheric profile
! information

˜dudhia/rfm_files/hgt3km.atm
˜dudhia/rfm_files/minor.atm
! a file of minor gases
maxclowinprofile
! cloprofile from jjr maximum
! all other features from Polar
! Winter profile

*TAN ! list of tangent heights
8 11 14 17 20 23 26 29 32 35
38 41 44 47 50 53

*JAC ! list of heights
! for Jacobians

clo 8 11 14 17 20 23 26 29 32
35 38 41 44 47 50 53

*HIT ! HITRAN line list
˜dudhia/rfm_files/hitran_1996.bin

*ILS ! instrument line shape
! convolution

˜dudhia/rfm_files/ofm.ils
*XSC ! cross-section files

˜dudhia/rfm_files/f11.xsc
˜dudhia/rfm_files/f22.xsc
˜dudhia/rfm_files/f12.xsc
˜dudhia/rfm_files/f113.xsc
˜dudhia/rfm_files/f114.xsc
˜dudhia/rfm_files/f21.xsc
˜dudhia/rfm_files/f13.xsc
˜dudhia/rfm_files/ccl4.xsc
˜dudhia/rfm_files/clono2.xsc

*FOV ! field-of-view
˜dudhia/rfm_files/rfm_1km5.fov

*END

Table 1: A sample RFM driver table [15]. Comments are preceded
by exclamation marks (!).
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Figure 4: A plot showing the difference between the simulated in-
frared spectrum for two atmospheres, the first of which contains ClO
and the second of which does not. The atmospheres are identical in
every other respect and correspond to Antarctic Winter conditions.
The plot is for an altitude of 20 km. The gases used in the simula-
tions are those given in the *GAS section of the RFM driver table in
Table 1. The scale is the same as that of Figure 2 so that they can be
readily compared. Note the reduction by a factor of approximately 2.

describing the radiance of the atmosphere under cer-
tain parameters, to the observations. The theoretical
model simulates the observations using parameters of
two types: those that are not retrieved by MIPAS but
that still affect the atmospheric radiance, and those that
are retrieved, namely information about the distribution
of ClO. The retrieval process consists of searching for
the set of values for the ClO distribution that generates
the best simulation for the observations [16].

Therefore, if we choose a particular Volume Mixing
Ratio (VMR) profile for ClO, then we can run the RFM
to calculate a simulation for the radiance measurement
which will be produced at a particular tangent height
and wavenumber. We can express the value or values
calculated in this way several forms:

1. Single measurement (y), single level (x).

� � ��� ��� (19)

where y, k, x and � are all scalars. y is a single
observed measurement, k is the Jacobian dy/dx, x
is a single value of the VMR and � is some un-
known random error representing the noise on the
measurement. � has a mean of zero and a standard
deviation equal to ��� . In this case, we can find an
exact solution trivially: x=y/k where �

�	 � �

���
 � � .
2. Spectrum (y), single level (x).

� � �� ��� (20)

where y,k and � are column vectors and x is a sca-
lar. This notation allows us to express several re-
sults in a more compact form.

This time, in order to find the best fit between the
spectrum and the kx values, we calculate a least
squares fit: i.e. there is no exact solution. This
is equivalent to minimising 0 ��� �� <�� 0 ��� �� < as
we vary x:�� � 0 0 ��� �� < � 0 ��� �� < < � 6 (21)

� �  � 0 ��� �� < � 6 (22)�  � � �  � �� � 6 (23)��� 0  �  < ���  � � � (24)

We can now consider the row matrix d where� � 0  �  < ���  � � . If we assume that the noise is
uncorrelated, then we can write the noise covari-
ance in the form � � � �

���� where I is the identity
matrix. Since ��� � � , this leads to the relation

�

�	 � �
�

���� � � (25)� �

�� 0 � � � < � (26)

3. Apodisation and correlated noise.

The apodisation can be expressed in the form � �! �#" where y is the apodised spectrum and �$" is
unapodised. The covariance matrix � � is now no
longer diagonal:

� � � !
�

�� � ! � � (27)

This time, the least squares fit is obtained by
minimising % � � 0 ��� �� <&� � ���� 0 �'� �� < which
leads to the results

��� � � � 0  � � ����  < ��  � � ��� � (28)

and

�

�	 � 0 � � ���� � � < �� (29)� 0  � � ����  < �� � (30)

4. Whole profile retrieval.

� �)(+* ��� (31)

where y, x and � are column vectors and K is a ma-
trix. This allows us to express the results from sev-
eral profile levels compactly. Instead of the scalar
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variance �

�	 we now have � 	 , the error covariance
matrix of x. From the previous section, we have at
once that

� 	 � 0 ( � � ��� ( < �� � (32)

The initial MIPAS spectrum is unapodised, so noise
is uncorrelated. We ‘apodise’ the spectrum to reduce
interferogram edge effects, but that process also intro-
duces correlations in the noise.

6.2 Accuracy available on individual
VMR measurements

Consider the direct retrieval of a single value of the
VMR from a single value of observed radiance. We
would then have

��� � "�� (33)

where y is the radiance, v is the VMR and K " is equal
to � (radiance)/ � (unit increase in VMR). In order to find� " � � � 
 � � , we would increase v by some constant
amount (for example, � � = 0.01 ppmv) and calculate
the difference in radiance, � � . In this case,

� " would
then be multiplied by 100 to convert to a unit (ppmv)
increase in v.

However, this method may encounter difficulties if
the VMR varies over a large range: a small perturbation
at one point may be a very large perturbation at another.
For this reason, we instead increase v by some fraction,
for example � v = 0.01v. If we multiply the radiance
difference by 100 then we have K = � (radiance)/ � (unit
fractional increase in VMR).

Now � (fractional increase in VMR) = � � 
 � �
�(0 � 9 � < , so the units of retrieval are ��� � 9 � since the
units of K determine the units of the retrieved quantity.
This means that we retrieve � � � 	 , and to find the VMR
uncertainty, we have

� � � � " 0 � < (34)
� � ��� � � � " 0 � � � 	 < � (35)

Dividing Equation 35 by Equation 34 gives

8�� ���
� � � � " 0 � 	 < (36)

which leads to the result

��� � � 0 � � " 0 � 	 < � 8 < � (37)

Figure 5: Error bars on VMR measurements approximated using
a diagonalised �
	 matrix. The profile used is that corresponding to
maximum ClO levels, occurring in the Antarctic winter. The bars are
of reasonable size in the region around 20 km, but elsewhere far too
large for any useful measurements to be made.

7 Analysis

7.1 Simplified analysis

It is useful to start with a simplified analysis to find an
approximation to the final results. To do this, we ig-
nore apodisation (and therefore noise correlation). This
is equivalent Case 2 in Section 6.1, where �

�� is the un-
correlated noise. We also consider one tangent height at
a time.

We begin by finding the value of � � : in the region
of interest for ClO features, wavenumbers 800 to 900
cm ��� , the NESR (or � � ) is approximately equal to 25
nW/cm �

�
sr cm ��� [17]. It should of course be noted

that the errors we go on to obtain using this NESR
should be regarded as minimum values because other er-
rors have been neglected. These other possible sources
of error include inaccurate spectroscopic data, errors in
the temperature profile and other species concentrations
as well as imprecise knowledge of the instrument per-
formance in such areas as calibration, instrument line
shape or pointing information.

It is straightforward to calculate a series of error bars
for the profile. We use Equation 37 to calculate the frac-
tional profile error 0 � � < at each MIPAS scan altitude.

The results from such a procedure have been plotted
as error bars on the logarithmic plot in Figure 5. Notice
that the error bars are of equal length on each side of
the profile curve in logarithmic space (as expected from
Section 6.2).
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Figure 6: A surface representing the error covariance matrix � � .
The vertical axis represents the variance and the other two axes give
respectively the height at which the perturbation is applied and the
height at which the VMR measurement is made. In this case, the
indices 0,1,. . . ,12 correspond to altitudes 8,11,. . . 47 km. Note that the
matrix is symmetric about the leading diagonal and that the smallest
errors occur in the region around 20 km, as shown in the error bars in
Figures 7 and 8.

7.2 Full analysis

To carry out the full analysis, we must include apodis-
ation and therefore also allow for noise correlation ef-
fects. This is equivalent to Case 4 in Section 6.1. We
can expect the results to be similar to those already
found using the simplified analysis in Section 7.1.

Including the apodisation and noise correlation cor-
rections and performing the full multiple-layer retrieval
analysis, we obtain the covariance matrix � 	 . A surface
corresponding to � 	 is shown in Figure 6. By consid-
ering the diagonal elements, we find larger VMR error
bars than before, as is displayed in Figure 7. A close-up
of the region in which the error bars are of a reasonable
size is shown in Figure 8. The figure displays error bars
before and after the corrections have been applied.

We are now in a position to use the error bar plots to
determine whether or not MIPAS will be able to make
useful measurements of ClO. It would appear from Fig-
ure 8 that during ‘ozone hole’ Antarctic winter condi-
tions ClO may be sufficiently abundant for information
to be retrieved. Useful retrieval is however restricted to
a narrow altitude range in which the ClO VMR peaks.
Typical errors bars at an altitude of 20 km are found to
be � 50%. Error bars at 17km are similar and those at
23km increase to � 80%. Outside this region, error bars
are very large and no retrieval can practicably be made.

We can also consider the possibility of ClO profile
retrieval for typical midlatitude conditions. However,

Figure 7: VMR error bars for full retrieval analysis: non-
diagonalised �
	 , with apodisation and noise correlation corrections.

Figure 8: A close-up of the error bars shown in Figure 7 (trian-
gles) together with the error bars for the single-layer retrieval analysis
shown in Figure 5 (lozenges). Notice that the error bars are some-
what larger after the apodisation and noise correlation corrections
have been applied. The close-up is shown for the region in which
the error bars are of a reasonable size.
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as Figure 1 shows, the midlatitude ClO VMR peaks at
an altitude of approximately 40 km, and is very similar
to the subsidiary peak displayed by the Antarctic win-
ter ClO profile. Since we have already seen from the
Antarctic winter profile that the error bars in the vicin-
ity of this subsidiary peak are very large (see Figure 7),
we can deduce that there is no prospect of useful mid-
latitude ClO measurements being made.

8 Conclusion

During normal midlatitude stratospheric conditions,
ClO is not sufficiently abundant for profile information
to be usefully retrieved by MIPAS.

However, according to observed ClO profiles, ClO
is much more abundant during Antarctic winter con-
ditions. It should therefore be possible to use MIPAS
to obtain information about ClO profiles in these con-
ditions, but only in a restricted altitude range, proba-
bly � 17–23 km. Even in this region, typical error bars
are � 50–80%. It may be possible to achieve improved
accuracy by averaging a number of single spectra, al-
though this would be at the expense of reduced spatial
and temporal resolutions. At other tangent altitudes, the
simulations show that the error bars are large, much too
large for any useful ClO profile information to be re-
trieved.
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