Retrieval lesson learned from NAST-I hyperspectral data
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Abstract: The retrieval lesson learned is important to many current and future hyperspectral remote
sensors. Validated retrieval algorithms demonstrate the advancement of hyperspectral remote sensing
capabilities to be achieved with current and future satellite instruments.
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1. Introduction

The NPOESS (National Polar-orbiting Operational Environmental Satellite System) Airborne Sounder Testbed -
Interferometer (NAST-I) is designed to support the development of future satellite temperature and moisture sounders. The
NAST was developed in 1998 and it has been collecting data through out numerous field campaigns (Smith et al., 1999). The
methodology for thermodynamic parameters retrieved under cloud-free conditions was developed and validated; the
algorithm was used to demonstrate that an improved moisture profile is retrieved from hyperspectral radiances (Zhou et al.,
2002). Accurate retrieval of the surface properties (i.e., surface emissivity and temperature) is simultaneously achieved in
order to obtained accurate terrestrial boundary layer (TBL) moisture. In addition to thermodynamics parameters retrieved,
atmospheric trace gas (e.g., CO) retrieval is critical in air quality observation, modeling, and forecasting. NAST-I CO
retrieval algorithm was developed to demonstrate the retrieval sensitivity and accuracy of this type of hyperspectral sounders
under cloud-free conditions (Zhou et al., 2005; 2007a). The globe hosts many vast cloudy regions and a great deal of effort
has gone into cloud detection and cloud-clearing processes (Smith et al. 2004). Nevertheless, the schemes dealing with cloud
detection and cloud-clearing (Smith 1968) remain a major source of error in the final retrieval products. Recently, fast
molecular and cloud transmittance models (Yang et al., 2001) have been used to enable the infrared radiances to be used
under cloudy conditions with the accuracy required for sounding retrieval processing (Zhou et al., 2005; 2006). With this
recently developed algorithm, cloud parameters as well as atmospheric profiles are retrieved simultaneously from infrared
spectral radiance observations. A large amount of samples, retrieved and validated, are used to demonstrate a state-of-art
retrieval algorithm based on the NAST-I hyperspectral data and how well this algorithm applies to the AIRS data.
Experiences with the NAST-I and AIRS retrieval put us in a position of confidence that accurate retrievals will be obtained
from future satellite hyperspectral instruments such as the IASI, the CrlS, the GIFTS, and the HES.

2. Retrieval Demonstration

High-resolution infrared radiance spectra obtained from near nadir observations provide atmospheric, surface, and
cloud property information. A fast radiative transfer model, including cloud effects, is used for atmospheric profile and cloud
parameter retrieval. The retrieval algorithm is presented along with its application to field experiment data from the
NPOESS Airborne Sounder Testbed — Interferometer (NAST-I). The retrieval accuracy dependence on cloud properties is
discussed. The initial EOF regression has laid a first step in dealing with infrared sounding data under cloudy conditions
which is now significantly improved by the physical iteration inversion described in this study. Results achieved with
airborne NAST-I observations show that accuracies close to those achieved in totally cloud-free conditions can be achieved
down to cloud top levels. The accuracy of the profile retrieved below cloud top level is dependent upon the optical thickness
and fractional coverage of the clouds. Retrieval accuracy of temperature and moisture profiles is greatly improved by the
physical inversion. Details can be found elsewhere (Smith et al., 2005; Zhou et al., 2005; Zhou et al., 2006). The physical
retrieval results of cloud and thermodynamic parameters are shown in Figure 1 (after Zhou et al., 2006). Results achieved
with airborne NAST-I observations show that accuracies close to those achieved in totally cloud-free conditions can be
achieved down to cloud top levels. The accuracy of the profile retrieved below cloud top level is dependent upon the optical
thickness and fractional coverage of the clouds. Retrieval accuracy of temperature and moisture profiles is greatly improved
by the physical inversion as shown by dropsonde validation. Therefore, the radiances can be accurately simulated by using
physically inverted results which is important for direct assimilation into a forecast model.
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Fig. 1. Panel (a) plots NAST-I physically retrieved cloud top height compared with the CPL measured cloud top heights of the top 2 layers (L1
and L2). Panel (b) plots NAST-I retrieved visible cloud optical thickness (COT) compared with the CPL measurement. Panel (c) plots NAST-1
retrieved cloud particle size. Panels (d) and (e) plot NAST-I physically retrieved temperature and relative humidity vertical cross sections,
respectively. The areas wiped off are under the top layer of clouds where the cloud visible optical thickness is larger than one and under the
lower “opaque” cloud. The black vertical bars in panel (d) indicate dropsonde locations.

The NAST-I field campaign data are also used to provide radiometric measurements including tropospheric trace
species such as carbon monoxide (CO). The NAST-I CO inversion scheme is combined with a three-step procedure: (1) EOF
(i.e., empirical orthogonal function) regression retrieval, (2) simultaneous matrix inversion, and (3) CO profile enhancement
inversion. The NAST-I tropospheric CO retrieval algorithm has been developed to retrieve CO from NAST-I radiances and
to investigate tropospheric CO vertical profile retrieval accuracy from a satellite ultraspectral sounder. The CO evaluation
study having co-incident radiance and in-situ measurement data sets, enables an understanding of the accuracy of our current
CO retrieval algorithm and validates the results based on theoretical simulations (Zhou et al., 2005). An example of CO re-
trieval from the EAQUATE shown in figure 2 (after Zhou et al., 2007a) indicates that the CO first guess profile plays a major
role in the CO profile accuracy. The TBL CO accuracy, mainly determined by the first guess, affects the free tropospheric
CO retrieval. However, CO variations in the free troposphere can still be captured while CO amount variations in the TBL
are not retrieved very well. Thus, it is a challenge to obtain accurate CO profiles (especially in the TBL) from remote sound-
ers such as NAST-I.
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Fig. 2. Date-to-date CO profile inter-comparison: (A) NAST-I regression vs. in-situ, (B) NAST-I final physical retrieval vs. in-situ. Data from
14 September 2004 is plotted in gray while 18 September 2004 is plotted in black. In-situ data plotted in dots, NAST-I local mean in solid curves.

The Atmospheric InfraRed Sounder (AIRS) on the Earth Observing System (EOS) Aqua satellite was launched on 4
May 2002. Experience with NAST-I greatly helps the development of AIRS satellite data retrieval. The NAST retrieval al-
gorithm has been used for the AIRS team algorithm validation (Zhou et al., 2007b). As the satellite data covers a large vari-
ety of surface and atmospheric conditions, the retrieval scheme is tested with a large variety of conditions. Initial study with
AIRS data has been performed and more detailed validation over the land will be conducted. One granule of AIRS data (10



September 2004; ~01:00 UTC; local nighttime) shown in Figure 3 covers water and land including the vicinity of the Sahara
Desert. The AIRS single field of view (~13.5 km at nadir) data are used; few cloudy spots were seen as the effective skin
temperature contains cloud features (i.e., cooler “skin temperature”). However, this granule, for the most part, was collected
under cloud-free conditions. The distribution of the surface emissivity images near 11 pm and 8.15 um are plotted, capturing
the feature of the surface emissivity variation. The spectacular features over the land, especially in the vicinity of the Sahara
Desert, are clearly evident. Typical emissivity spectra retrieved from water, land, and desert are plotted in comparison with
laboratory measurements. These reasonable retrieved surface properties greatly support the accurate atmospheric retrievals
which are found elsewhere (Zhou et al., 2007b).
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Fig. 3. Surface skin temperature and emissivity retrieved from the AIRS data, indicating a large variety of surface types is captured by the
hyperspectral data and this inversion scheme.

3. Conclusion

The advantage of using NAST-I is that continuous spectrum of atmospheric radiation is obtained with a high spatial
resolution as needed to develop retrieval algorithms. Lessons learned from the NAST program are beneficial to current and
future satellite hyperspectral instruments such as AIRS, TASI, CrIS, GIFTS, and HES.
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