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Abstract

The combination of data obtained with different sensors (data fusion) is a powerful
technique that can provide target products of the best quality in terms of precision and
accuracy, as well as spatial and temporal coverage and resolution. In this paper the
results are presented of the data fusion of measurements of ozone vertical profile per-
formed by two space-borne interferometers (IASI on METOP and MIPAS on ENVISAT)
using the new measurement-space-solution method. With this method both the loss
of information due to interpolation and the propagation of possible biases (caused by
a priori information) are avoided. The data fusion products are characterized by means
of retrieval errors, information gain, averaging kernels and number of degrees of free-
dom. The analysis is performed both on simulated and real measurements and the
results demonstrate and quantify the improvement of data fusion products with respect
to measurements of a single instrument.

1 Introduction

Many concurrent observation systems are presently operating aboard space-borne and
airborne platforms, as well as from ground-based stations, providing complementary
and redundant measurements of a variety of atmospheric parameters. The use of
potential synergies among these observing systems is a key element for the full ex-
ploitation of current and future missions, particularly in the case of coordinated mea-
surements such as those carried out relying on a multi-sensor approach (e.g. the future
ESA GMES Sentinel 4 and 5 missions; Bazalgette et al., 2008) and those performed
by satellites flying in formation (e.g. the so-called “A-train” constellation of NASA Earth
Observing System; Schoeberl, 2002). Data fusion techniques represent one of the
basic tools to be developed and optimized in the frame of most synergetic observation
strategies. A definition of data fusion is given in Wald (1999, 2000): data fusion is a for-
mal framework in which are expressed the means and tools for the bringing together
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of data originating from different sources. It aims at obtaining information of greater
quality; the exact definition of “greater quality” will depend upon the application. In the
case of atmospheric remote sensing measurements the problem of how to bring to-
gether data obtained from different measurements has been addressed by a variety of
techniques which combine information from multiple sources in order to attain products
of the best quality in terms of precision and accuracy, spatial and temporal coverage
and resolution and overall consistency. A comprehensive review of the mathematical
methods developed for merging atmospheric measurements from different sensors can
be found in the papers by Nirala about data fusion of aerosol optical thickness (Nirala,
2008a) and of total column ozone (Nirala, 2008b).

Data fusion of atmospheric measurements is a complex problem, indeed the quanti-
ties retrieved from the different measurements are in general represented on different
spatial grids (chosen for the best exploitation of the different observations) and their
combination implies some interpolation that produces a loss of information (Carli et al.,
2001). On the other hand, the quantities retrieved from the different measurements
may contain a priori information that introduces a bias in the fused data. Interpola-
tions and biases are the two main problems encountered in data fusion of atmospheric
measurements and the action taken to reduce one of the two problems (i.e. use of
a fine grid to reduce interpolation and use of a coarse grid to avoid the need for a priori
information) makes the other one worse.

Recently a new method, called the measurement-space-solution (MSS) method, has
been proposed for the optimal use of the information provided by indirect measure-
ments of atmospheric vertical profiles (Ceccherini et al., 2009). This method provides
the retrieved profile as the sum of a component belonging to the measurement space
(the space generated by the rows of the Jacobian matrix of the forward model), re-
ferred to as the MSS, and a component belonging to the null space (the orthogonal
complement space to the measurement space). The observations only provide infor-
mation on the MSS and leave completely undetermined the component belonging to
the null space. The MSS method has the advantage that the retrieved profile can be
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represented on a vertical grid as fine as desirable without relying on any a priori infor-
mation and thus removing the need for any interpolation for subsequent steps of data
processing. The peculiarities and the selectiveness of the observations are reflected
in the functions of the measurement space and do not need to be taken in to account
when selecting the vertical grid of the retrieved profile. Furthermore, the unmeasured
component that requires the use of some a priori information is kept separate and
does not need to be used in subsequent operations. When two or more independent
atmospheric measurements are available, we can calculate the corresponding MSSs
on a common vertical grid. In this way each measurement has its own measurement
space, but they all belong to a common complete space. The fusion of these MSSs
is given by the MSS that can be calculated in the union space of the measurement
spaces. This new MSS includes all the information contained in the observations with-
out any bias due to a priori information.

The MSS method can also be applied to the case of the column retrieval of an at-
mospheric constituent (Ceccherini et al., 2010) and the data fusion of partial ozone
columns has been obtained in the case of simulated measurements of IASI (Infrared At-
mospheric Sounding Interferometer) (Clerbaux et al., 2009) and MIPAS (Michelson In-
terferometer for Passive Atmospheric Sounding) (Fischer et al., 2008) instruments that
fly aboard Metop-A (Metereological Operational) and Envisat (ENVIronmental SATel-
lite) satellites, respectively.

Here we apply the MSS method to the data fusion of ozone vertical profiles obtained
with the same two instruments. MIPAS performs limb observations and mainly provides
information on the stratospheric ozone, while IASI performs nadir observations and
consequently its measurements contain information also on the tropospheric ozone
(Eremenko et al., 2008; Keim et al., 2009). IASI and MIPAS measurements have,
therefore, complementary altitude coverage and provide a conspicuous example of the
data fusion advantages. We evaluate the products of this data fusion in the case of
both simulated and real measurements. For simulated measurements the true state
of the atmosphere is available and, therefore, it is possible to estimate the ability of
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the procedure to retrieve it comparing the true profile with the retrieved profile. The
relative quality of the individual profiles and of their fusion is assessed by the variance-
covariance matrices (VCMs), information gain, averaging kernels (AKs) and number
of degrees of freedom. Finally the procedure is applied to two real collocated IASI
and MIPAS measurements, demonstrating the practicality of the procedure on real
measurements.

In Sect. 2 the basic principles of the data fusion with the MSS method are recalled,
in Sects. 3 and 4 the results of the data fusion, applied to simulated and real measure-
ments, respectively, are reported and in Sect. 5 the conclusions are drawn.

2 Data fusion with the MSS method

According to the MSS method proposed in Ceccherini et al. (2009) the unknown vol-
ume mixing ratio (VMR) profile is represented as a vector of n elements corresponding
to a predefined vertical grid, that is not constrained by the characteristics of the instru-
ment and of the measurement conditions and, therefore, can be optimized according to
the specific requirements of the applications. This vector is decomposed as the sum of
a component belonging to the measurement space (the space generated by the rows
of the Jacobian matrix of the forward model) and a component belonging to the null
space (the orthogonal complement space to the measurement space). The MSS is
the component of the profile in the measurement space and is represented using an
orthonormal basis of the measurement space, so that the components of the profile
in this basis are uncorrelated with each other. The MSS includes all the information
coming from the observations without any a priori information. On the other hand, the
observations do not contain any information on the component of the profile belonging
to the null space, which can be estimated only by the use of some a priori information
or other external constraints.

The possibility to split the profile in a component retrieved from the observations
and a component obtained from a priori information is particularly suitable to perform
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data fusion among independent measurements. Indeed the usual approach to data fu-
sion implies the merging of products retrieved from the individual measurements, thus
leading to a direct transfer into the fused data of any a priori information contained in
a product. However, when a component of the profile is determined by a measurement
there is no need for constraining this component in the other measurement by means
of a priori information. This consideration suggests that the MSS is the optimal quantity
to be used as input of data fusion.

Following the approach to data fusion proposed in Ceccherini et al. (2009, 2010),
when different independent measurements of the same profile are available we can
calculate the MSSs of these measurements on the same vertical grid so that all the
measurement spaces are sub-spaces of the same complete space. The fusion of
these measurements is obtained calculating the MSS in the union space of the indi-
vidual measurement spaces (that is the space obtained by merging the measurement
spaces). This new MSS (the MSS of the data fusion) includes all the information con-
tained in the observations of the measurements to be fused without any bias due to
a priori information.

In the framework of the MSS method the MSS of the data fusion represents the final
product of the data fusion and can be used for further post-processing such as data
assimilation, data comparison and further data fusion with other available measure-
ments. On the other hand, when the product of the data fusion has to be visualized it
is necessary to represent the vertical profile in a complete space (not in a subspace
as the one in which the MSS is represented) and an estimation of the components
lying in the null space is needed. These components can be either set equal to zero or
estimated using some external information in various ways, for instance in Ceccherini
et al. (2009) a regularization is used, in Ceccherini et al. (2010) a climatological profile
is used. These two approaches have the advantage to keep separate the measured
components from the assumed components, but require the choice of the number of
components to represent the MSS and, in so doing, introduce some arbitrariness in the
representation.

188

ACPD
10, 183-211, 2010

IASI and MIPAS data
fusion

S. Ceccherini et al.

: “““ I““


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/183/2010/acpd-10-183-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/183/2010/acpd-10-183-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

In the following sections the data fusion with the MSS method is applied to derive the
ozone VMR vertical profile from simulated and real measurements of IASI and MIPAS.
The MSSs of the individual measurements of IASI and MIPAS are calculated using
a number of components in the measurement space that is large enough to ensure
that all the information contained in the individual measurements is retained. Subse-
quently the MSS of the data fusion is obtained in the union space. In order to estimate
the improvement of the quality of the product of the data fusion with respect to that ob-
tained when only one of the two measurements is used we use for the representation
of the profiles a method that does not require an arbitrary choice of the number of com-
ponents. For the representation we are no longer interested in maintaining separate
the measured and the assumed component of the profile, therefore the plotted profiles
are the weighted mean between the profiles obtained from the MSSs and a climatolog-
ical profile, the weights being the inverses of the VCMs. In this way in the represented
profile the components well measured are practically equal to those of the MSS while
the components not measured or poorly measured are practically equal to those of the
climatological profile. This choice removes the need to choose the number of compo-
nents to represent the MSS (the weighted mean can be done using all the components
and associating infinity error to the components that are not measured) eliminating an
arbitrariness that could weaken the results of the comparisons. The represented profile
is characterized by its VCM and AK matrix which, respectively, allow to estimate the
quality of the product in terms of information gain with respect to the a priori knowledge
given by the climatological profile and of number of degrees of freedom.

3 Data fusion between IASI and MIPAS simulated measurements

3.1 General information

In this section we apply the MSS method to perform the data fusion of simulated mea-
surements of the ozone vertical profile acquired by IASI and MIPAS instruments. The
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simulation is made in the case of a mid-latitude climatological atmosphere of July
(Remedios et al., 2007) with an ozone VMR profile modified below 38km. The cal-
culation of the MSSs of the two individual measurements as described in Ceccherini et
al. (2009) requires the definition of a vertical grid (common for the two measurements)
on which to represent the ozone VMR profile and of the linearization points (the ozone
profiles relative to which the Jacobian matrices that give the measurement spaces are
calculated) close enough to the true profile in such a way that the linear approximation
of the forward models is appropriate. The predefined grid can be chosen as fine as
wished and, thanks to this freedom, it can be determined on the basis of the applica-
tion rather than according to the vertical resolution of the measurements. In this work
we have chosen a vertical grid of 1 km step between 0 and 80 km. The linearization
points (in general different for the two measurements) have been obtained interpolat-
ing at the predefined grid the ozone VMR profiles obtained by the retrieval codes of the
two instruments. With these choices we have calculated the MSSs of both the IASI and
MIPAS measurements following the procedure described in Ceccherini et al. (2009).

3.2 Simulation of the IASI measurement

The IASI instrument (Clerbaux et al., 2009), launched on-board the sun-synchronous
polar orbiting satellite METOP-A on 19 October 2006, is a nadir-viewing Fourier trans-
form spectrometer for passive atmospheric sounding in the thermal infrared region
(from 645 to 2760 cm™" with unapodized spectral resolution of 0.25 cm'1). IASI obser-
vations are mainly devoted to the retrieval of accurate information on meteorological
parameters of interest for numerical weather prediction applications. Operational prod-
ucts include, along with vertical profiles of temperature and water vapor and surface
temperature and emissivity, total and partial columns of ozone and columnar values
of CH,, CO, CO, and N,O. Calculations of IASI radiances and retrieval of ozone
VMR profiles used in this work are based on a version of the MARC (Millimetre-wave
Atmospheric-Retrieval Code) retrieval code (Carli et al., 2007) recently upgraded for
the analysis of the REFIR (Radiation Explorer in the Far InfraRed) measurements
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(Palchetti et al., 2008; Bianchini et al., 2008) and subsequently optimized, in the frame
of a project of the European Spatial Agency (ESA), for IASI measurements. IASI ob-
servations, corresponding to a single IFOV measured at nadir (12x 12 km ground pixel
from an altitude of approximately 817 km), are simulated using the forward model and
adding a Gaussian random noise based on the nominal values of IASI noise equivalent
spectral radiance. The full spectral coverage of IASI measurements (8461 channels)
is used for the simulation.

3.3 Simulation of the MIPAS measurement

MIPAS (Fischer et al., 2008) is a Fourier-transform spectrometer operating in the mid-
dle infrared that observes the atmospheric emission at the limb for the retrieval of the
vertical profiles of several minor atmospheric constituents. The code adopted by ESA
for the operational retrieval (Ridolfi et al., 2000; Raspollini et al., 2006; Ceccherini,
2005; Ceccherini et al., 2007) and used in this work for the calculation of the lin-
earization point uses a non-linear least-squares fit of the observed spectra with forward
model simulations to retrieve the vertical profiles of pressure, temperature, water vapor,
ozone, nitric acid, methane, nitrous oxide and nitrogen dioxide between 7 and 72 km of
altitude. The simulated spectra correspond to the MIPAS measurement mode adopted
after January 2005, for which the unapodized spectral resolution is 0.0625 cm™' and
the tangent altitudes are with a 1.5 km step between 7 and 22 km, a 2 km step between
22 and 32km, a 3km step between 32 and 47 km, a 4 km step between 47 and 63 km
and a 4.5 km step between 63 and 72 km (for a total of 27 tangent altitudes). The sim-
ulated observations are obtained adding a Gaussian random noise to the radiances
calculated with the forward model. The standard deviation of the noise is taken equal
to the noise equivalent spectral radiance of the real MIPAS measured spectra. The
microwindow approach, described in Dudhia et al. (2002), is adopted and of the 27
spectra only a subset of 4557 spectral points containing the maximum information on
ozone profile is used.
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3.4 Results of the simulation

In order to evaluate the quality improvement obtained performing the data fusion of
IASI and MIPAS measurements with respect to when only one of the two measure-
ments is used we have derived the ozone vertical profile with its VCM and AK matrix
in the following three cases: using only the IASI measurement, using only the MIPAS
measurement and performing the data fusion of IASI and MIPAS measurements.

The MSSs for the ozone VMR profile have been calculated as described in (Cec-
cherini et al., 2009) for the IASI measurement, for the MIPAS measurement and for the
union space of the two measurement spaces by considering the 20 largest singular
values for the MSS of IASI and the 50 largest singular values for the MSS of MIPAS.
In each case the ozone VMR profile has been estimated from the weighted mean be-
tween the profile obtained from the MSS (assuming infinite error for the null space
components) and a common climatological profile, the weights being the inverses of
the VCMs. The climatological profile has been taken from the ozone climatology re-
ported in McPeters et al. (2007). Since these climatological ozone profiles are given
in the altitude range between 0 and 60 km, they have been extended between 60 and
80 km using the climatology reported in Remedios et al. (2007). The ozone clima-
tology provided in McPeters et al. (2007) is given for latitudinal bands of 10° and for
each month, while that provided in Remedios et al. (2007) is given for wider latitudi-
nal bands (the mid latitude band extends between 20 and 65°) and for each season.
As a consequence the ozone climatological profiles provided in McPeters et al. (2007)
have standard deviations smaller than those of the profiles reported in Remedios et
al. (2007) and, therefore, their use determines a smaller error on the retrieved profile.
The VCM of the climatological profile has been calculated using the climatological vari-
ances for the diagonal elements and a correlation that decreases exponentially with
a correlation length of 5 km for the off-diagonal elements.

In Fig. 1 the ozone VMR profiles determined using only the IASI measurement, only
the MIPAS measurement and the IASI-MIPAS data fusion are reported along with the
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true profile. In the scale of the figure the three latter profiles overlap across the entire
altitude range. Therefore, in order to appreciate the ability of the retrieved profiles to
recover the values of the true profile, in Fig. 2 the differences between the retrieved
profiles and the true profile are compared with the retrieval errors and with the differ-
ence between the climatological profile and true profile. The climatological profile and
the true profile coincide above 38 km and differ below this altitude. As expected, we
can see that the IASI measurement alone below 20 km allows to reduce the difference
between the retrieved profile and the true profile with respect to the difference between
the climatological profile and the true profile, while the MIPAS measurement reduces
this difference between 7 and 38 km. The profile retrieved with the IASI-MIPAS data
fusion improves the difference with the true profile in the altitude range between 0 and
38km. Above 38 km, because of the coincidence between the climatological profile
and the true profile, the improvement of the retrieved profiles with respect to the a pri-
ori knowledge cannot be estimated comparing the profiles. In Fig. 3 the percentage
retrieval errors for the three retrieved profiles and the percentage climatological stan-
dard deviation are compared. From this comparison we see that the 1ASI retrieval error
is smaller than the MIPAS retrieval error below 5km while it is larger above 5km. The
error of the IASI-MIPAS data fusion is equal to the MIPAS retrieval error above 7 km
and is smaller than both the IASI and MIPAS retrieval errors below 7 km. It is interesting
to notice that the IASI-MIPAS data fusion obtains an error significantly smaller than the
one obtained with IASI alone also if MIPAS does not bring information at low altitudes.
This is due to the fact that the error at low altitude obtained when only the IASI mea-
surement is used is mainly due to the uncertainty that the IASI measurements have in
stratosphere. The use of MIPAS reduces the error in stratosphere and consequently
determines a reduction of the IASI error at low altitude. This is a good example of the
improvements that a correct data fusion can bring to the knowledge of the atmospheric
state.

In Figs. 4 and 5 the AKs for the profiles retrieved using only the IASI measurement,
only the MIPAS measurement and the IASI-MIPAS data fusion are reported. The AKs
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above 5km for the profile obtained from the data fusion are quite similar to those ob-
tained from the MIPAS measurement alone. On the other hand, while the AKs for the
profile obtained from the MIPAS measurement alone are zero below 5km the AKs for
the profile obtained from the data fusion show that the fusion with the IASI measure-
ment determines a significant sensitivity of the retrieved profile to the true profile also
below 5 km.

In order to estimate quantitatively the quality improvement of the product of the data
fusion with respect to that obtained when only one of the two measurements is used,
we have calculated the information gain with respect to the information given by the cli-
matological profile and the number of degrees of freedom of the three retrieved profiles.
The information gain, as demonstrated by Rodgers (2000), is equal to:

AMlbit] = 3 (10p[S:| - l0g,IS). (1)

where |S| and |S.| are the determinants of the VCMs of the retrieved profile and of
the climatological profile, respectively. The number of degrees of freedom is given
by the trace of the AK matrix (Rodgers, 2000). In Table 1 the information gain and the
number of degrees of freedom are reported for the profiles retrieved using only the IASI
measurement, only the MIPAS measurement and the IASI-MIPAS data fusion. We can
see that the data fusion determines a significant quality improvement in terms of both
information content and number of degrees of freedom with respect to when only one
of the two measurements is used.

In Figs. 6 and 7 the information gain and the number of degrees of freedom are
reported as a function of the number of components used to represent the MSS, having
sorted the components in the order of increasing error. These plots show how the
information gain and the number of degrees of freedom increase when we substitute
one by one the climatological components with the measured components. We can
see that it is not necessary to consider more than about 10, 30 and 35 measured
components for, respectively, the IASI measurement alone, the MIPAS measurement
alone and the IASI-MIPAS data fusion. These values confirm that the initial choice
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to consider 20, 50 and 70 measured components was conservative and more than
adequate to include all the information coming from the observations.

4 Data fusion between IASI and MIPAS real measurements
4.1 General information

In order to test on real measurements the practicality of the data fusion procedure
described in the previous sections, we have applied it to two real collocated measure-
ments of IASI and MIPAS. The two measurements were performed on 4 July 2008 at
the geolocations reported in Table 2. The time difference of the two measurements is
43 min and 55 s and the spatial distance between the two measurement ground points
is 36.9 km. The altitude of the Earth surface over the sea level at the measurement sites
is about 300 m. Therefore, in this case we took a vertical grid of 1 km step between
1 and 80 km and extrapolated the atmosphere above and below this altitude range for
the radiative transfer calculation. For the analysis of the IASI measurement the spec-
tral band from 645 to 1995cm™' was used. The analysis described in Sect. 3 for the
simulation has been applied to the two collocated IASI and MIPAS measurements and
the results are reported in the following subsection.

4.2 Results of the analysis of the real measurements

In Fig. 8 the ozone VMR profile derived from the IASI-MIPAS data fusion is reported
with the percentage retrieval errors and the AKs. In Fig. 9 the percentage retrieval
errors of the profiles retrieved using, respectively, only the IASI measurement, only the
MIPAS measurement and the IASI-MIPAS data fusion are compared with the percent-
age climatological standard deviation. For these three cases the information gain and
the number of degrees of freedom are reported in Table 3. The results obtained with
real measurements are similar to those obtained with simulated measurements, show-
ing also in the case of real measurements the significant quality improvement obtained
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using the data fusion with respect to one measurement. The small differences between
the figures reported in the Tables 1 and 3 are due to contingent differences of the sim-
ulated and real measurements such as the different climatological atmospheres due to
different latitudes, the different tangent altitudes of the MIPAS measurement and the
different brightness temperature gradient at the Earth surface. The results obtained
in the application of the data fusion procedure to real measurements confirm that the
procedure can be used for the systematic analysis of collocated atmospheric measure-
ments with a significant quality improvement of the products with respect to when the
single measurements are used.

5 Conclusions

We have performed the data fusion of IASI and MIPAS ozone VMR profiles using the
MSS method. This method provides an optimal data fusion in the sense that it exploits
all the information provided by the two measurements by using all available measured
components and avoiding any loss of information due to interpolations. Furthermore,
it avoids the propagation of possible biases present in the quantities retrieved into the
product of the data fusion. We have characterized the quality of the data fusion prod-
ucts by means of retrieval errors, information gain, AKs and number of degrees of free-
dom. All these quantifiers show that the data fusion significantly improves the quality
of the products with respect to when only one of the two measurements is considered
demonstrating the ability of the adopted procedure to exploit the complementary infor-
mation provided by the two instruments. The analysis has been performed in the case
of simulated and real measurements. Similar and consistent results have been ob-
tained in the two cases. The simulated measurements have demonstrated the ability
of the procedure to retrieve the true state and the real measurements have demon-
strated the practicality of the procedure on real data.

A good coincidence of MIPAS and IASI measurements was found on 4 July 2008
with a time difference of 43 min and 55 s and a spatial distance of 36.9 km. The fusion
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of these two measurements provides an increase of 39.9 and 6.2 bit of information and
of 16.8 and 1.5 numbers of degrees of freedom relative to individual IASI and MIPAS
measurements, respectively.

Acknowledgements. The forward and inverse models, used for the retrieval from MIPAS spec-
tra, have been optimized and tested in the frame of the project “Support to MIPAS Level 2 prod-
uct validation” under ESA-ESRIN contract N. 21719/08/I-OL. The forward and inverse models,
used for the retrieval from 1ASI spectra, have been optimized and tested in the frame of the
project “Sensitivity analysis and application of KLIMA algorithm to OCO and GOSAT validation”
under ESA-ESRIN contract N. 21612/08/I-OL.
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Table 1. Information gain and number of degrees of freedom for the profiles retrieved from
simulated measurements using only the IASI measurement, only the MIPAS measurement and
the IASI-MIPAS data fusion.

Information n. of degrees

gain [bit] of freedom
IASI 11.0 3.7
MIPAS 59.2 21.7
Fusion 62.1 22.6
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Table 2. Geolocations of the IASI and MIPAS measurements that have been fused.

IASI MIPAS
Date 4 Jul 2008
Time 9:57:00 10:40:55
Latitude 21.83°N 21.93°N
Longitude 5.88°W 6.22°W
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Table 3. Information gain and number of degrees of freedom for the profiles retrieved from
real measurements using only the IASI measurement, only the MIPAS measurement and the
IASI-MIPAS data fusion.

Information n. of degrees

gain [bit] of freedom
IASI 12.6 3.7
MIPAS 46.3 19.0
Fusion 52.5 20.5
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Fig. 1. True ozone VMR profile (magenta line) and profiles retrieved using only the IASI mea-
surement (green line), only the MIPAS measurement (blue line) and the IASI-MIPAS data fusion
(black line). The magenta, blue and black lines overlap across the entire altitude range.
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Fig. 2. Percentage differences between the profiles retrieved using only the IASI measurement
(green line in panel (a)), only the MIPAS measurement (blue line in panel (b)), the IASI-MIPAS
data fusion (black line in panel (¢)) and the true profile. The gray areas represent the percent-
age retrieval errors of the three retrieved profiles. For comparison in all panels the percentage
difference between the climatological profile and the true profile is shown (red lines).
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Fig. 3. Percentage retrieval errors for the profiles retrieved using only the IASI measurement
(green line), only the MIPAS measurement (blue line) and the IASI-MIPAS data fusion (black
line). The standard deviation of the climatological profile (red line) is also reported. Panel (b)
shows a blow up of the panel (a) relative to the low atmosphere region.
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Fig. 4. AKs relative to 5 km step altitudes, in the altitude range 0—-80 km, for the profiles retrieved
using only the IASI measurement (panel (a)), only the MIPAS measurement (panel (b)) and the

IASI-MIPAS data fusion (panel (c)).
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Fig. 5. AKsrelative to 1, 3, 5, 7, 9, 11 km altitudes, in the altitude range 0—15 km, for the profiles
retrieved using only the IASI measurement (panel (a)), only the MIPAS measurement (panel
(b)) and the IASI-MIPAS data fusion (panel (c)).
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the MIPAS measurement (blue line) and the IASI-MIPAS data fusion (black line). The dashed
red line corresponds to the ideal case that each measured component contributes with one
degree of freedom.
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Fig. 9. Percentage retrieval errors for the profiles retrieved from real measurements using
only the IASI measurement (green line), only the MIPAS measurement (blue line) and the
IASI-MIPAS data fusion. The standard deviation of the climatological profile (red line) is also
reported. Panel (b) shows a blow up of the panel (a) relative to the low atmosphere region.

211

ACPD
10, 183-211, 2010

IASI and MIPAS data
fusion

S. Ceccherini et al.

00


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/183/2010/acpd-10-183-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/183/2010/acpd-10-183-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/

