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Analysis Retrieval performance
Abstract
The retrieval analysis has been performed using the KLIMA code. In To assess the performance on the WV and temperature profiles obtained
The Far-infrared-Outgoing-Radiation Understanding and Tab.2 are reported the main retrieval configurations. from the analysis of FORUM observations, we report in Fig. 6 and 7 the
Monitoring (FORUM) mission concept, selected by ESA for the Table 2: FORUM retrieval configuration. averaged errors and averaged residuals (retrieved value — true value) when

feasibility study of the Earth Explorer 9 (EE9) shall evaluate the
precision and accuracy of water vapor and temperature profile
from FORUM observations in the wavelength range of 7 - 100
micrometers. These observations are important because Earth’s
infrared emission to space is affected by water vapor and cirrus

clouds, which, in turn, play key roles in Earth’s temperature.

The characterization of the radiative effects of the main
atmospheric components in this spectral range is a new measure
from space, as it fills the observational gap in the far-infrared

(FIR) region from space.

In the framework of the FORUM preparatory studies, the Kyoto
protocoL Informed Management of the Adaptation (KLIMA)
algorithm [R1] has been used to simulate the FORUM wide-band
spectral radiance measurements, with the aim to assess the
water vapor and temperature profile precision and accuracy
obtained using the Fourier Transform Spectrometer (FTS)
observations and to evaluate the quality of the retrieval. The
algorithm consists of two distinct modules, the Forward Model
(FM) and the Retrieval Model (RM). The FM is a line-by-line
radiative transfer model, with capability to simulate wide-band
spectral radiances from 100 to 1600 cm™? (i.e. the FORUM
spectral range requirement); the RM uses a constrained
Nonlinear Least Square Fit (NLSF) approach and the cost function
to be minimized takes into account the a priori information
(optimal estimation method) and the Marquardt parameter [R2].

We performed several tests to retrieve temperature and water
vapor profile, using different quantifiers to assess the quality of
the retrieval. In this work, we describe the strategy adopted for
the analysis and we show first results of these evaluation

activities.

Test

FORUM observations have been simulated for 80 scenarios in clear sky.
Different season, latitude and surface types are considered (Fig. 1 and
2). Optical depths have been calculated with the GBB-Nadir [R3]
available at ISAC-CNR. The high resolution radiances have been
calculated with the LIDORT. The low resolution radiances have been

calculated using the configuration reported in Tab.1.
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Figure 1: Geolocation of the simulated scenarios for each season.
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Figure 2: Variability of the ic WV and temp in the selected scenarios.

Table 1:FORUM reference configuration.
FORUM configuration
Spectral Band 100 - 1600 cm*
Spectral Sampling 0.3 cm?
Spectral Resolution 0.3 cm
NESR 0.4 mW/(m2 sr cm™) in 200 - 800 cm™®

1.0 mW/(m? sr cm'?) outside 200 - 800 cm™*

Retrieval configuration thg retrieval grid step is 1 Km. Th.e avgrage has b‘een applied w‘rtA dn‘fere.nt
" . . latitude bands. The averaged error is a first estimation of the precision, while
Retrieval Targets H,0 vertical profile .
Atmospheric temperature (T) vertical profile the averaged residuals of the accuracy.
0, vertical profile
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Result 1 — Reduced Chi-square (72)
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Figure 6: Performance on the retrieval of the WV profiles.
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Result 2 — Statistical residuals analysis
From the statistical analysis of the radiance residuals we can quantify
the effect of the different FMs used to simulate FORUM observations i i
and used in the retrieval procedure. In Fig. 4, we compare the 0 ” 4 s 3 10

standard deviation of the residuals vs the FORUM NESR, and the
averaged residuals vs the FM differences and vs the approximation
introduced in the FM of the retrieval to reduce the time consumption
in the analysis (reduced number of spectral lines and lower HR
frequency step, from 0.0005 to 0.0025 cm?).
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Figure 7: Performance of the retrieval of the WV profiles.

The improvement of the performance wrt the a priori error for WV and
temperature is reported in Fig. 8 where, for each latitude band, we plot the
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Figure 8: Imp, of the WV and I P

The surface temperature retrieval results are reported in Fig. 9. For each
analysed scenario we provide the bias IG value, the bias retrieved value and
Frequency [em™] the retrieval error. For different seasons we used a different symbol of
retrieved error.
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Figure 4: Comparison between the Standard Deviation of the residuals (dark -green),
NERS (light-green), Average of the residuals (yellow), FM differences (red) and
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The scatter plot reported in Fig. 5 show that correlations are <
significative only between approximations introduced in the retrieval £
FM and the averaged residuals. However, this correlations affect the £
C0, band at the higher altitude that are outside the objectives of this g
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§ Figure 9: Surface temperature retrieval performance.
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