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Abstract. The Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) is a Fourier Transform Spectrometer that

measured mid-infrared atmospheric limb emission spectra from July 2002 to April 2012 on board the polar-orbiting satellite

ENVISAT. We have used MIPAS data to study the latitudinal variations of phosgene (COCl2 or carbonyl chloride) and,

for the first time, its seasonal variation in the upper troposphere lower stratosphere region (UTLS). Retrievals of phosgene

were made using the 830-860 cm−1 region, corresponding to the ν5 bands of COCl2. Unfortunately in that region the ν45

band of CFC-11, much stronger than COCl2 ν5, hides the phosgene emission. In order to evaluate seasonality and latitudinal

distribution of phosgene we have analysed all the measurements made by MIPAS in the days 18 and 20 of each month of

2008 with the Optimized Retrieval Model (ORM) recently upgraded with the Multi-Target Retrieval technique and with the

Optimal Estimation functionality to apply external constraints to the state vector. Average seasonal profiles of phosgene show

an evident latitudinal variability with the largest values observed in the tropical regions (maximum ≈ 35 parts per trillion by10

volume (pptv) at about 300 hPa). In the mid-latitude and polar regions, the volume mixing ratios (VMR) values do not exceed

30 pptv and the vertical distributions are less peaked. Our analysis highlights that COCl2 seasonal variability is fairly low,

apart from the polar regions.

1 Introduction

Carbonyl chloride (COCl2) , better known as phosgene, is a toxic gas. In the 20th century phosgene was mainly used by15

chemical industry in the preparation of insecticides, pharmaceuticals and herbicides. Its usage has been reduced over the years

due to its high toxicity. Atmospheric phosgene is also formed in the troposphere (Fu et al., 2007; Kindler et al., 1995) by

OH-initiated oxidation of chlorinated hydrocarbons such as CHCl3 (chloroform), CH3CCl3 (methylchloroform), C2Cl4

(tetrachloroethylene) and C2HCl3 (trichloroethylene). In the stratosphere it is formed by oxidation of its tropospheric source

molecules and also by the photochemical decay of CCl4 carbon tetrachloride. Stratospheric phosgene is a weak absorber in20

the UV region and has a long lifetime (several years); however it is slowly oxidized to form ClOX . By contrast, the lifetime
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of phosgene in the troposphere is shorter (about 70 days), because it is rapidly removed by water droplets or by deposition in

the oceans (Singh, 1976; Kindler et al., 1995).

The first study about atmospheric phosgene was made by Singh (1976). This author studied the surface distribution of phos-

gene using data from six stations in California. In 1988, Wilson et al. (1988) measured phosgene at various altitudes during

an aircraft flight over Germany. Toon et al. (2001) used the Jet Propulsion Laboratory (JPL) MkIV Interferometer, onboard5

stratospheric balloons, to retrieve different VMR profiles of phosgene from 1992 to 2000. The first satellite measurements of

stratospheric phosgene have been performed using the Atmospheric Chemistry Experiment - Fourier Transform Spectrometer

(ACE-FTS) on board the SCISAT-1 satellite. Fu et al. (2007) used ACE-FTS measurements in the period between February

2004 and May 2006 to make the first analysis of the global distribution of phosgene. Using data acquired by the same experi-

ment in the years from 2004 to 2010, Brown et al. (2011) focused on the study of the trends of the halogen-species, including10

the phosgene. In the thermal infrared phosgene can be measured in the 830-860 cm−1 spectral region, corresponding to the ν5

bands of COCl2. However, in the same spectral region the ν4 band of CCl3F (CFC-11) is present. The emission of the CFC-

11 ν4 band is much stronger than the one of COCl2 ν5 band, therefore phosgene spectral features are hidden by the CFC-11

absorbing band. In the validation phase of MIPAS version 6 products, obtained with the ESA level 2 processor, positive biases

were found in the CFC-11 VMR profiles. In particular CFC-11 profiles were found to be affected by a significant bias at all15

altitudes and latitudes with respect to MIPAS balloon measurements (ML2PP, 2012; Wetzel et al., 2014) and Bonbon (Schmidt

et al., 1987) measurements (Engel et al., 2015). While below 19 km this bias was still within the combined systematic and total

errors, above this altitude it clearly exceeded this error margin. From the study of the residuals of the CFC-11 retrievals no

particular features emerged but, while checking the atmospheric molecules absorbing in the same spectral range, it was found

that COCl2 had not been included in the computation of the simulated spectra. A preliminary test was performed taking into20

account COCl2 interference in the simulated spectra, using the vertical distribution retrieved by ACE-FTS (Fu et al., 2007),

and COCl2 cross-sections recorded at 25◦C by Sharpe et al. (2004). The results of this test indicated that the differences in the

average retrieved CFC-11 with and without COCl2 included in the simulation were of the order of the bias found in CFC-11

profiles. Therefore, in subsequent retrievals of MIPAS CFC-11, phosgene has been added to the absorber list. The accuracy of

the absorption cross-section used in MIPAS retrievals is quite good but unfortunately the temperature range of the cross-section25

measurements is far from being adequate for atmospheric retrievals. This fact triggered the development of new spectroscopic

data for phosgene in order to enable a better reproduction of its contribution to MIPAS spectra (Kwabia-Tchana et al., 2015).

Furthermore, the clear interference of phosgene into CFC-11 signal suggested that MIPAS measurements could be exploited

to retrieve phosgene global distributions. Being based on the limb emission technique, MIPAS provides measurements with

global coverage day and night for a long time period. In this paper,we present the vertical distribution of phosgene, measured30

for the first time from MIPAS observations, using newly developed spectroscopic information. Due to the large spatial and

temporal coverage of MIPAS, we have investigated the seasonal and latitudinal variation of phosgene. The paper is organized

as follows. Sect. 2 gives a brief overview of the MIPAS measurements. Sect. 3 describes the analysis scheme used for the

retrieval of phosgene. Sect. 4 describes the MIPAS observations used in this analysis, the associated diagnostic data and the

results obtained. Finally, Sect. 5 contains the conclusions.35
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2 MIPAS measurements

MIPAS (Fischer et al., 2008) is a Fourier Transform Spectrometer that measured atmospheric limb emission spectra from a

polar sun-synchronous orbit on board the European ENVISAT satellite from July 2002 to April 2012. The measured spec-

tra cover the middle-infrared region, from 680 to 2410 cm−1. The 0.025 cm−1 spectral resolution adopted for the nominal

measurements of the initial part of the mission (Full Resolution, FR mission) was interrupted in March 2004 to cope with a5

mechanical problem of the interferometric movement. MIPAS nominal measurements were then resumed in January 2005 with

a reduced spectral resolution of 0.0625 cm−1. This resolution implied also a reduced time necessary for the measurement of

the individual interferograms, allowing for a finer horizontal and vertical sampling of the atmosphere. Due to this last feature,

the measurements acquired starting from January 2005 onward (Raspollini et al., 2013) are referred to as the Optimized Res-

olution (OR) mission. The MIPAS measurements considered in this paper refer only to the nominal operation mode of the10

OR mission. In this mode the horizontal separation between adjacent limb scans is approximately 410 km. Each limb scan

samples the altitude range from 6 to 71 km with 27 sweeps. The vertical sampling step is as fine as 1.5 km in the 6-21 km

range (UTLS), then it smoothly degrades at higher altitudes. The whole vertical scan pattern is shifted along the orbit in order

to roughly follow the tropopause altitude that changes with latitude. MIPAS interferograms are transformed into geolocated

and radiometrically calibrated spectra by the so called Level 1b processor (Kleinert et al., 2007).15

3 Analysis

The retrieval scheme used in this work is based on ORM (Ridolfi et al., 2000; Raspollini et al., 2006, 2013) that is the scientific

prototype of the Level 2 MIPAS retrieval algorithm used by ESA to routinely process MIPAS spectra. In order to make feasible

the retrieval of phosgene from its extremely weak spectral features, we have used a version of the ORM upgraded with the

Multi-Target Retrieval (MTR) functionality (Dinelli et al., 2004) and with the possibility to use the optimal estimation (OE,20

or maximum a-posteriori likelihood) approach (Rodgers, 2000) to apply external constraints to the state vector. This upgraded

retrieval code has been validated within an ESA-supported project and will be the basis for the final release by ESA of the Level

2 MIPAS retrieval algorithm, for MIPAS data analysis. The MTR approach gives the opportunity to retrieve multiple target

gases simultaneously from the same set of observations. This feature is particularly useful when the gas to be retrieved shows

spectral signatures interfering with those of another gas whose distribution in the atmosphere is unknown. With this approach25

the mutual spectral interference of the retrieved gases is properly taken into account, thus avoiding the systematic error that

would show up in a sequential retrieval. Given the strong spectral interference between COCl2 and CFC-11 already mentioned

in Sect. 1, the MTR functionality can be regarded as fundamental to our work. The OE approach permits the application of

external constraints to the inversion and is particularly helpful in the retrieval of very weak species. Moreover OE enables

the quality of the retrieved profiles to be monitored using the individual information gain quantifier described in Dinelli et al.30

(2009). This quantifier allows data to be filtered-out for which the information extracted from the measurements is below a

pre-defined threshold.

3

Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-62, 2016
Manuscript under review for journal Atmos. Meas. Tech.
Published: 2 May 2016
c© Author(s) 2016. CC-BY 3.0 License.



3.1 Spectroscopic data of COCl2

Phosgene is a heavy molecule with small rotational constants and with a number of low lying vibrational states. As a con-

sequence at room temperature its infrared spectrum is extremely dense and almost intractable. Kwabia-Tchana et al. (2015)

carried out the first detailed and extensive analysis of the 11.75 µm absorption region of phosgene, using high-resolution

Fourier transform spectra recorded at the low temperature of 169K. More precisely the ν5 bands of the two isotopologues5

CO35Cl2 and CO35Cl37Cl were assigned up to very high quantum numbers. The upper state ro-vibrational levels were fitted

using Hamiltonian matrices accounting for resonance effects when necessary. In this way very satisfactory fits (to within the

experimental accuracies) were obtained, leading to very accurate Hamiltonian constants and line positions. Unfortunately it

was not possible to assign firmly the corresponding hot bands which were modeled using extrapolated Hamiltonian constants.

The new Hamiltonian constants were used to build the phosgene spectroscopic database used in this work. The line intensities10

used in our analysis were calculated using single transition moments (no rotational corrections) and calibrated using the cross

section measurements from Sharpe et al. (2004). Since no measurements of the pressure broadening coefficients have been

performed, a constant value of 0.8 cm−1/atm for air-broadening and of 0.3 cm−1/atm for self broadening have been used.

The error of the new phosgene spectroscopic database is dominated by the accuracy with which the cross sections have been

measured (Sharpe et al., 2004) and is estimated to be 3-5%.15

Previous satellite analysis of phosgene (Toon et al., 2001; Fu et al., 2007) were carried out using the 1995 Atmospheric Trace

Molecule Spectroscopy (ATMOS) linelist (Brown et al., 1996). To evaluate the difference of the new spectroscopic data with

respect to the older database, we have simulated a MIPAS spectrum at 21.2 km tangent altitude for mid-latitude atmospheric

conditions in the 800-900 cm−1 spectral region using the mipas_pf4.45 database (Perrin et al., 2015) where the new phosgene

lines have been included and repeated the simulation using the same spectroscopic database where the phosgene lines were20

replaced by those from the ATMOS line list. Fig. 1 shows, in the upper panel, the simulated spectrum, while in the middle

panel we report the contribution to the spectrum due to phosgene for our database (in red) and for the ATMOS database (in

blue). The lowest panel of fig. 1 shows the difference between the two phosgene spectra. The comparison between the two

phosgene contributions shows that in the Q-branch region the two databases are in agreement, while higher radiances (about 3

nW/(cm2 sr cm−1)) are found for the new phosgene lines in the P and R branches.25

3.2 Retrieval method

Our retrievals are based on the fit of a set of narrow (3 cm−1) spectral intervals called MicroWindows (MWs) containing

relevant information on the target parameters. The MWs for MIPAS retrievals have been selected with the MWMAKE algo-

rithm (Dudhia et al., 2002). MWMAKE identifies the spectral intervals to be analysed for a particular target with the aim of

minimizing the total retrieval errors (both systematic and random). This is done through the use of precomputed jacobians and30

error spectra. For the selection of phosgene MWs we computed the phosgene jacobians using the spectroscopic data described

in Sect. 3.1 and the VMR climatological profiles included in the IG2 database (Remedios et al., 2007). This is a database con-
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taining climatological vertical distributions of atmospheric species relevant to MIPAS data inversion. The profiles are tabulated

for different latitude bands and seasons. Latitude-dependent phosgene profiles have recently been added to the IG2 database.

The use of OE in the retrievals requires an a-priori estimate of both the target profile and of its error covariance matrix. In

order to minimise the influence of the a-priori information on the observed latitudinal and seasonal variations of the retrieved

COCl2 VMR, we used the same a-priori profile and covariance matrix for all the retrievals presented in this work. We built the5

a-priori profile of COCl2 by averaging all the IG2 profiles for the different latitudinal bands (no variation of phosgene with

season is included into the IG2 database). Since the retrieved phosgene profiles presented in this paper have been averaged

using a common pressure grid, we tabulated the a-priori COCl2 profile on to the same pressure grid. This makes the a-priori

profile of COCl2 different for each retrieval when represented as a function of the altitude coordinate, but makes its shape

invariant as a function of pressure. To build the a-priori covariance matrix we assumed a COCl2 variability equal to 80% of10

the a priori profile, plus a constant absolute error of 10 pptv. Moreover, in order to introduce a weak vertical constraint in the

retrieved COCl2 profiles, for the calculation of the a-priori covariance matrix we assumed a vertical correlation length of 5 km

(Steck and von Clarmann, 2001).

MWMAKE was used to select a set of MWs optimized for the retrieval of the COCl2 VMR profile as a single target.

With these MWs, COCl2 was individually retrieved after the sequential retrieval of the following targets: tangent pressure15

(p), Temperature (T) and the VMR of: H2O, O3, HNO3, NO2, CFC-11, CFC-12, CFC-22. This approach however did not

provide satisfactory results since it produced a double-peaked artifact at low altitudes in the zonally averaged COCl2 VMR

profiles. Tests showed that this artifact was due to the mutual spectral interference between COCl2 and CFC-11 (Kellmann

et al., 2012). As already said in section 1 such a strong interference had already been highlighted in the validation phase of

MIPAS CFC-11 version 6 profiles. Even if CFC-11 was retrieved from the same scan in a previous step of the retrieval chain,20

the error affecting the retrieved profile was large enough to produce the unrealistic artifact. Therefore we decided to account for

the spectral interference between COCl2 and CFC-11 by exploiting the MTR capability of our code to retrieve simultaneously

both gases. We used MWMAKE to identify optimized MWs for the joint COCl2 and CFC-11 retrieval. The selected MWs are

listed in Table 1.

The main components of the resulting COCl2 error budget estimated by MWMAKE are shown in Fig. 2. The total random25

component of the systematic error was calculated as the quadratic summation of all the errors that vary randomly from profile

to profile. In our case this error includes uncertainties in temperature, pressure and interfering species that are not retrieved.

The total systematic error was calculated as the quadratic summation of the errors that provide almost constant contribution

to the total budget and therefore produce a bias in the results. These errors are the uncertainties in the spectroscopic database,

in the radiometric calibration of the measured spectra and in the parameterization of the width of the instrumental line shape.30

The contribution of the new phosgene linelist to the spectroscopic error was calculated considering the uncertainties in the

line intensities (3-5%, we have conservatively assumed an error of 5%) and in the air-broadening coefficients (20%). We have

considered that an error of 5% in the line intensity leads to an error of the same percentage in the retrieved VMRs since the

phosgene absorption is in the linear region. An uncertainty of 20% in the air-broadening coefficients produces an error of

about 1% in the phosgene cross-sections computed at an average stratospheric temperature and pressure. We have assume that35
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on average the retrieved VMRs will be affected by a similar error. In Fig. 2 we report in orange the final spectroscopic error

resulting from the quadratic summation of the uncertainties due to the spectroscopic data of the other molecules (estimated by

MWMAKE) and the phosgene spectroscopic errors reported above. In Fig. 2 we also report in blue the total error obtained as

the quadratic summation of the total systematic and random error components.

The joint COCl2 and CFC-11 retrieval assumes the profiles obtained from the sequential retrieval of the following targets:5

p, T and VMR of H2O, O3, HNO3, NO2, CFC-11, CFC-12, CFC-22. With this retrieval setup, artifacts and non-physical

features disappeared from the retrieved COCl2 profiles. Moreover the retrieval error now takes properly into account the

correlation between COCl2 and CFC-11 VMR profiles, which is quantified by the off-diagonal elements of the covariance

matrix of the retrieval (Dinelli et al., 2004). For the CFC-11 MTR analysis we used the same vertical retrieval grid adopted in

the single target retrieval with the IG2 profile used as initial guess and a-priori profiles with a covariance matrix set to 80%10

of the profile value. The correlation length for CFC-11 was the same used for phosgene. Differences between the CFC-11

retrieved in the previous step of the retrieval chain (assuming phosgene in climatological abundance) and simultaneously to

phosgene were small, well within the noise error.

4 Results

An objective of this work is to demonstrate the feasibility of the phosgene retrieval from MIPAS spectra. Therefore, due to the15

computing resources required by a full mission retrieval, we considered adequate the use of a reduced dataset. For this reason

we selected one year (2008) and to highlight possible seasonal and latitudinal variations of COCl2 we processed all MIPAS

measurements acquired in the days 18 and 20 of each month when MIPAS was measuring in the nominal observation mode (in

2008 this mode was used for only 80% of the time). In total we retrieved more than 28000 profiles.

In the left panel of Fig. 3 we report the typical phosgene averaging kernels (AK) relative to a profile retrieved from a limb20

scan acquired on 18 March 2008 geolocated at 31◦ N/75◦ W. The plot shows the sensitivity of the retrieved profile to various

pressure levels in the UTLS region. From the analysis of all the averaging kernels of the retrievals we can deduce that our

analysis has a high sensitivity between 10 and 400 hPa. Above 10 hPa the AKs are less peaked, indicating lower sensitivity.

In the right panel of Fig. 3 we plot, for the same AKs, the vertical resolution computed as the full width at half maximum

(FWHM) of the rows of the AK. We note that in the altitude region with high sensitivity (10–400 hPa) the vertical resolution25

ranges from 3 to 10 km while above 10 hPa it becomes larger.

The final dataset was filtered by selecting only the profile data points for which a significant amount of information was

extracted from the measurements. This was done using an information gain threshold of 0.3. This means that the a-priori error

is reduced in the analysis by a factor of about 1.2. After filtering, the final set of data was divided into four groups according

to their measurements date: June, July and August (JJA); September, October and November (SON); December, January and30

February (DJF); March, April and May (MAM). Each of these groups represents a season. For each season, we calculated

the average phosgene profile in the following latitude bands: North Pole (90◦ N-65◦ N), Mid-Latitude North (65◦ N-20◦ N),

Equatorial North (20◦ N-0◦), Equatorial South (0◦-20◦ S), Mid-Latitude South (20◦ S-65◦ S) and South Pole (65◦ S-90◦ S).
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Since the MIPAS vertical sampling grid (that is also the retrieval grid) is not constant along the orbit, we first interpolated each

individual retrieved profile on a fixed pressure grid and then we computed the averages.

In Fig. 4 we report, for 10◦ latitude bins and each season, the average number of DOFs (solid lines) and the corresponding

average number of altitudes at which the phosgene profile is retrieved (dashed lines). The two curves show a reduction of

the number of DOFs and of the number of retrieval altitudes in the tropical region for all seasons. This is caused by the5

presence of high altitude clouds typical of this region. Clouds are in fact detected by the Level 2 pre-processor with a cloud

filtering algorithm (Raspollini et al., 2006, 2013) and the spectra flagged as “cloudy“ are excluded from the analysis. The only

noticeable seasonal dependence of the number of DOFs is in the polar regions. In the figure we also see that in JJA at the South

Pole there is a significant reduction in both number of retrieved profile altitudes and DOFs. This is due to the presence of polar

stratospheric clouds (PSC) detected and filtered out by the cloud detection algorithm.10

Fig. 5 shows the average VMR profiles of phosgene for the latitudinal bands and seasons described above. The plots in

this figure do not show evident seasonal variability in the vertical distribution of phosgene in the middle and tropical latitude

bands, in agreement with the discussion of Kindler et al. (1995). We only observe a weak seasonality in the polar regions.

The reduction of phosgene observed at both Poles during winter and spring is probably related to both the subsidence of

stratospheric air due to the presence of the polar vortex and the reduction of phosgene formation rate due to photolysis. The15

average profiles show a clear latitude dependence. Actually, in the polar and mid-latitude regions the average profiles do not

exceed 30 pptv and they do not show evident peaks. In contrast, in the tropical latitude bands, the vertical VMR distributions

show peak values close to 40 pptv located at lower pressure levels with respect to the other regions. Fig. 6 shows the zonal

averages (for 10◦ latitude bins) of phosgene VMR, for each season of the year 2008. These maps highlight the latitudinal

dependence of the phosgene distribution in the UTLS region. The symmetric pattern where VMR values decrease moving20

from the equator to the poles is caused by the Brewer-Dobson circulation that transports the tropical phosgene poleward. The

equatorial bulk in the distribution of the COCl2 is caused by the greater insolation in the tropics with respect to the higher

latitudes (Fu et al., 2007).

4.1 Comparison with ACE-FTS measurements

To validate our results we used the phosgene data contained in the version 3.5 of the measurements of the ACE-FTS instrument.25

ACE-FTS uses the solar occultation technique to make measurements in the spectral interval between 750 and 4400 cm−1,

with a spectral resolution of 0.02 cm−1. Out of the whole ACE-FTS dataset we selected the phosgene VMR profile co-located

with the MIPAS measurements used in our analysis. The co-location criteria were 5◦ maximum difference in latitude and

longitude and a maximum difference of 6 hours in the acquisition time. In total we found about 150 coincidences. The ACE

profiles were interpolated on to the same pressure grid used to calculate our averages. To remove unrealistic values we have30

filtered out the points of the ACE-FTS profiles whose values exceeded the average value for more than 3 times the standard

deviation. MIPAS data were filtered with the same criterion described in Sect. 4. We computed the differences between MIPAS

and ACE-FTS co-located profiles and in Fig. 7 we report their average (red line). On the same figure we report, in blue, the

combined systematic error of the difference, obtained as the square root of the sum of the squared systematic errors of each
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instrument. The percentage systematic error of the individual instruments was assumed constant for all the pressure levels and

equal to 13% of the phosgene VMR value for MIPAS (an average value of the estimated systematic errors reported in fig.2)

and, as reported in Fu et al. (2007), 30% of the VMR value for ACE-FTS. The average difference shown in Fig. 7 is consistent

with zero, considering its combined systematic error (blue line) and the standard deviation of the mean (represented by the

red line error bar in the figure) (von Clarmann, 2006). This suggests that MIPAS and ACE-FTS phosgene retrievals are in5

good agreement. The random error of the difference (green line in fig.7) is calculated as the square root of the sum of the

squared random errors of MIPAS and ACE-FTS. This error should mimic the standard deviation of the differences represented

by the yellow line in the figure. We see that the two error estimates are in good agreement below 50 hPa. Given the relatively

small number of MIPAS and ACE-FTS co-located measurements it was not possible to perform the comparison of the two

instruments on separate latitude bands and season.10

5 Conclusions

Thanks to a new spectroscopic database of phosgene, the global distribution in the UTLS of COCl2 has been determined

for the first time from MIPAS measurements. Due to the weak spectral signatures of phosgene and their interference with

CFC-11 emission, it was possible to retrieve phosgene distribution only using the new functionality MTR of the ORM. This

permits the joint retrieval of COCl2 and CFC-11 VMRs. We determined seasonal and latitudinal averages of phosgene VMR15

using more than 28000 profiles retrieved by our processor from a set of MIPAS measurements acquired in the year 2008.

MIPAS limb measurements provide a global coverage of the UTLS region that enables the study of the seasonal variability of

phosgene. Average seasonal profiles of phosgene show an evident latitudinal variability. Largest values of the COCl2 VMR

are found in the tropical regions where we observe values larger than 35 pptv at pressures around 300 hPa. By contrast in the

mid-latitude and polar regions, the VMR maximum values do not exceed 30 pptv and the vertical distributions are less peaked.20

The consistency of our results was tested using ACE-FTS profiles of the phosgene co-located with the profiles we retrieved

from MIPAS observations. We have observed a good agreement between the two instruments. It is worth noting that the high

spatial and temporal sampling rates of MIPAS measurements highlight the latitudinal distribution of phosgene and, for the

first time, its seasonal variations. In particular we found that in the UTLS the phosgene distribution has no seasonal variability

in the tropics and at the mid latitudes, but weak seasonality is observed in the polar regions. The long time series of MIPAS25

measurements could in principle allow the study of trends for the phosgene distribution in the UTLS. However MIPAS Level 2

data are affected by systematic errors induced by the non-linear behavior of the detectors (Kleinert et al., 2007), and the current

radiometric calibration does not reach an adequate level of accuracy to perform an exhaustive trends analysis (Eckert et al.,

2014; Kiefer et al., 2013). For this reason and given the huge amount of computational resources required, we did not perform

the phosgene retrieval from the full MIPAS mission, as it would be necessary to study possible trends in the VMR of this gas.30
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Figure 1. Top panel: Simulated spectra at 21.2 km tangent altitudes for mid-latitude atmospheric conditions in the 800-900 cm−1 spectral

region using the mipas_pf4.45 database containing the new phosgene lines. Middle panel: Contribution of the new phosgene linelist (red

line) and of the ATMOS 1995 phosgene lines (blue line). Bottom panel: Difference between the new phosgene linelist and the ATMOS 1995

database.

Table 1. MWs selected for MTR retrievals of COCl2 and CFC-11.

Initial Frequency Final Frequency

cm−1 cm−1

815.6875 818.6875

818.7500 821.7500

836.6875 839.6875

839.7500 842.7500

842.8125 845.8125

846.9375 849.9375

850.2500 853.2500

857.1875 860.1875
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Figure 2. Error analysis of the joint COCl2 and CFC-11 retrieval: the total error (blue), the total systematic error (green) and the total

random error (red). We also report the uncertainties due to temperature (violet), pressure (cyan), spectroscopic database (orangered), intensity

calibration (black) and to the width of the instrument line shape (brown) for the phosgene VMR.
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Figure 3. Typical phosgene averaging kernels (left) and vertical resolution (right). In the left panel each colour represents a row of the

averaging kernel matrix. In the right panel we have also reported the pressure levels used for the retrieval. The plots refer to the retrieval from

a MIPAS limb scan acquired on 18 March 2008, 31◦ N/75◦ W.
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Figure 4. Average phosgene degrees of freedom (DOF, solid lines) and average of retrieved altitudes (dashed lines) for DJF (red), MAM

(blue), JJA (green) and SON (orange). Averages are calculated for 10◦ latitude bins.
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Figure 5. Average phosgene VMR profiles for DJF (green), MAM (orange), JJA (blue) and SON (light blue). Averages are calculated for

North Pole (90◦ N-65◦ N, top left), Mid-latitude North (65◦ N-20◦ N, top center), Equatorial North (20◦ N-0◦, top right), Equatorial South

(0◦-20◦ S, bottom left), Mid-latitude South (20◦ S-65◦ S, bottom center) and South Pole (65◦ S-90◦ S, bottom right). We also report the

a-priori profile (solid grey).
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Figure 6. Zonal average phosgene VMR for JJA (top left), MAM (top right), DJF (bottom left) and SON (bottom right). Averages are

calculated for 10◦ latitude bins.
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Figure 7. Average difference profile between the co-located MIPAS and ACE-FTS measurements (red) with standard deviation of the mean

(red error bars). The standard deviation of the difference (orangered), the total random error (green), the total systematic error of the difference

(blue) are also reported. The number of co-located pairs for each pressure level is reported on the right side of the plot.
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