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This paper discusses the variation and validation of the precision (defined as the dispersion of an ensemble of retrievals obtained from measurements of the same atmospheric state) of the ESA L2 products from the

Michelson Interferometer for Passive Atmospheric Sounding (MIPAS).

The MIPAS L2 products contain estimates of random error derived from the propagation of the radiometric noise through the retrieval. The noise itself varies with time, steadily rising between decontamination events, but
its contribution to the L2 random error also depends on the atmospheric temperature, which controls the total radiance received. Hence, for all species, the random error varies latitudinally/seasonally with atmospheric

temperature, with a superimposed time dependence on decontamination events.

The precision validation involves comparing two MIPAS retrievals at the intersections of ascending/descending orbits. For every 5 days per month of high resolution MIPAS operation, the standard deviation of the statistic
of the matching profile pairs is computed and compared with the predicted random error given in the MIPAS Offline L2 data. Even taking into account the propagation of the pressure-temperature retrieval errors into the
VMR retrieval, the observed scatter is usually a factor 1-2 larger than the predicted error. This is thought to be due to effects such as horizontal inhomogeneity of the atmosphere.

MIPAS

MIPAS (Michelson Interferometer for Passive Atmospheric Sounding) is a high resolution Fourier transform
spectrometer flying on board ESA Envisat satellite. MIPAS measures infrared (685-2410 cm™') atmospheric
limb emission spectra with a spectral resolution of 0.025 cm'!. MIPAS observes sequences of spectra at different
limb heights (6-68 km) to allow for the retrieval of species concentration profiles. The instrument has been
operating at a reduced spectral resolution of 0.0625 cm'! since January 2005, following problems with the
interferometer slide mechanism. For the high-resolution mission ESA have processed pT (pressure-temperature)
and 6 “key species” (H20, O3, HNO3, CH4, N20 and NO2).

The main source of the random error of the ESA L2 Offline MIPAS profiles is the noise error due to the
mapping the radiometric noise in the retrieved profiles. This predicted random errot is proportional to the NESR
(Noise Equivalent Spectral Radiance) and inversely proportional to the Planck function (therefore atmospheric
temperature). Another contribution to the predicted random error for the:species retrieval is given by the
propagation of the pressure-temperature retrieval errors into the VMR retrieval.

The precision of the retrievals is defined as the dispersion of an ensemble of
retrievals obtained from measurements of the same atmospheric state.

In practice MIPAS does not make repeated measurements of the same limb path,
an approximation is available from the pairs of measurements located at the
intersections of the MIPAS viewing tracks. Therefore the precision of the retrievals
can be estimated by examining these pairs of collocated measurements.

Profile locations were matched to within 300 km in distance for every 5 days per
month. Limiting the comparisons of profile locations to 6 hours time difference and
300 km horizontal difference produces regular matches at two latitudes, near the
poles, in the 80S-90S and 80N-90N regions.

Extending the comparisons to 12 hours time difference produces matches at three
additional latitudes in the regions 20S-60S, 60S-80S and 60N-80N.

In order to check the actual scatter of the measurements, where orbital tangent
tracks intersect, the standard deviation of the ensemble of profile pairs is compared
to the p d random error given in the L2 data. The predicted random error
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takes into account also the pT error contribution for the species VMR.

MIPAS 03: 20030730 80904 (4932

MIPAS TEM: 20000730 8001 4032

MPAS 2020000730, 0N ON (4052) Example of polar summer
comparisons at 80N - 90N latitudes
for 30 July 2003.

It shows comparisons for

é temperature (top left), H20 (top
re
3

centre), O3 (top right), HNO3
(bottom left), CH4 (bottom centre)
2 and N20 (bottom right), but NO2
since for NO2 there is a large
diurnal difference at the
intersections of any two orbits.
The black line is the bias between
the matched pairs profiles, the red
bars are the predicted scatter (pT
error contribution included for
VMR plots) and the green line is
@ om the observed scatter.
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Predictod Random: Errex: time sexies:

The predicted random error: given in: the MIPAS :Offline L2 data has been averaged: for every 5:days:per:
month-of high resolution:MIPAS operation:

The:figures show an-example for H20 (top):[ppmyv]-and: HNO3: (bottom): [ppbv] from July: 2002 to March
2004,:split in eight latitude bands. The gaps in the:southern hemisphere in July-August 2002 and October
2002 are caused:by missing Antarctic L2 profiles: ‘All other-target species: present a:similar behavior with
time: The predicted:random error shows a distinct peak in the:polar winter cases for the three:height ranges:
in both hemispheres: The North polar winter shows a sharp dip in the'middle of the'peak probably
corresponding to:astratospheric warming in: December 2003:

NESR for 80S-90S: 33 km NESR for 8ON-9ON: 33 km
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NESR and Temperature time series

The NESR varies with time, steadily rising between decontamination events (shown by arrows in top
panels). The effect of this ice decontamination is a reduction of the gain increase and of the noise level.
This time dependence contribution to the predicted random error also depends on the atmospheric
temperature, which controls the total radiance received.

The temperature time series explains reasonably well the time series of the predicted random error for
both hemispheres. The increase of random error at polar winters corresponds to decrease of temperature.
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