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INTRODUCTION

In the last two decades, there has been a strong focus on the development of innovative techniques to exploit all the available information from remote sensing measurements of the same portion of the
atmosphere and/or Earth surface ground pixel. In this study, we compare two alternative approaches to determine atmospheric and surface state parameters by exploiting simultaneously both FORUM (Far-
Infrared Outgoing Radiation Understanding and Monitoring) and IASI-NG (Infrared Atmospheric Sounding Interferometer — New Generation) simulated measurements. \We examine the synergistic retrieval of
state parameters from the simultaneous inversion of both measurements, and the Complete Data Fusion of state parameters obtained from the inversion of the individual measurements. We perform test
retrievals based on synthetic clear-sky measurements in which both FORUM and IASI-NG measure, either with perfect matching or with a mismatch in time and space, over the Antarctic Plateau surface
covered by coarse snow. For both cases we characterized the quality of synergistic and fused products by means of their error evaluated both from the covariance matrix of the retrieval and the statistics of the
differences between retrieved and true state parameters. We finally evaluated the differences between fused and synergistic products. The retrieval products considered in this study are obtained with the optimal
estimation method and include the profiles of temperature, surface temperature, water vapour, ozone and spectral emissivity from 100 to 2300 cm-2.

THE SYNERGISTIC RETRIEVAL (SR) THE COMPLETE DATA FUSION (CDF) METHOD
The synergistic retrieval (SR) is a commonly used method to rigorously combine complementary information from | The Complete Data Fusion (CDF), is an a-posteriori algorithm to combine the individual retrievals obtained with the
data provided by sensors measuring in different spectral ranges. optimal estimation from independent measurements of the same airmass and/ or ground pixel into a single estimate. The
The SR product 1s obtamned from the simultaneous fit ot the radiances measured by two mstruments (FORUM and = CDF solution is obtained analytically (no iterations), minimizing the cost function:
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modified with the Levenberg-Marquardt method. The SR solution 1s characterized by a covariance matrix (CM) and (Z i i ¥ ) (Z (Sui e+ 8, 7x )
an averaging kernel matrix (AKM) given by: which is characterized by the following CM and AKM.:
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In the equations above: x; are the state vectors describing the atmospheres sounded by the instruments i1=1,2 (FORUM or
|ASI-NG); Sn,i the CMs; Sa, the apriori CM of the apriori state vector x, to constrain the CDF; Ai the AKM of the

Individual retrievals.
In the case of a temporal/spatial mismatch between the two measurements we introduce a coincidence error (Ceccherini et

al. 2018). In our case, we simply substitute in the equations above Sn,2 with:

In the equations above: y, are vectors including the spectral radiances of the instrument i=1,2 (FORUM or IASI-NG);
x; are the state vectors describing the atmospheres sounded by the mstruments; S, the CMs; Sa the aprior1t CM of the
apriori state vector x, to constrain the SR; K. the Jacobian of the FM.

In case of a temporal/spatial mismatch between the two measurements we assume that both mstruments are sounding
the same atmospheric state and we add to IASI-NG a mismatch CM describing the variability of the measured
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atmospheric states. In the equations above S, 1s replaced by: o =Sn2+ASyASL .
/ 1 - . . .
v2 = Sy2 + KoSuKs . adding the coincidence error to IASI-NG measurement as in SR.
INSTRUMENTS: TEST SETTINGS INDIVIDUAL RETRIEVAL SYNERGYSTIC METHODS
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the generation of synthetic observations. The average differences quantify the
product’s bias. The standard error of the average, i.e. the standard deviation of Average differences between CDF (black), SR (magenta) and true state parameters (top) and Average differences between CDF (black), SR (magenta) and true state parameters (top) and

the differences divided by the square root of the number of trials (\/900 =30, in between CDF and SR products (bottom) for T, H20, O3 and emissivity profiles in the no-  between CDF and SR products (bottom) true state parameters for T, H20, O3 and emissivity
this case) is useful to evaluate whether the determined bias is statistically mismatch test case. The dashed lines represent the CDF and SR average total errors, the  profiles in the mismatch test case. The dashed lines represent the CDF and SR average total
significant. We finally evaluate the average differences between fused and error bars (top) represent the standard error of the average differences while the shaded errors, the error bars (top) represent the standard error of the average differences while the
L. : L areas (bottom) represent the standard deviation of the average differences . shaded areas (bottom) represent the standard deviation of the average differences .
synergistic products and their standard deviation.
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