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The detailed quantification of atmospheric constituents such as trace gases and aerosols including their spatial
and vertical distributions in the atmosphere plays an important role in understanding climate change, radiation
budgets, and air pollution. The newly deployed sun/sky photometer 4STAR (Spectrometer for Sky-Scanning,
Sun-Tracking Atmospheric Research) instrument combines both airborne sun tracking capabilities of the Ames
Airborne Tracking Sun Photometer (AATS-14) and an AERONET-like sky scanning capability with state-of-the-
art monolithic spectrometry. The instrument’s relatively wide spectral range, covering much of the UV-VIS-NIR
(i.e. 0.4-1.7 um), combined with its hyper-spectral nature and its ability to measure both the direct solar irradiance
and the diffuse radiance allows for the parallel retrieval of trace gases (e.g., H2O, O3, and NO2), AOD (aerosol
optical depth), and additional aerosol parameters (such as size distribution and SSA) and cloud properties (via the
combination of the radiation measurements and RT modeling). Here, we will present the first set of trace gas and
AOD data products derived from the sun-tracking component of the instrument during an intensive ground based
measurement period at the development site (Mountain View, CA) and from two test-flights (U.S. West coast).
Trace gases (i.e. O3, NO2) were retrieved using the DOAS method [1], comparing the standard approach of using
a clear sky solar noon as the reference spectrum versus the use of a TOA calibrated Langley spectrum, which
was derived during one of the test-flights at an altitude of 6 kilometers. The use of the latter was shown to be
advantageous in terms of lower slant column uncertainties of the retrieval procedure, especially when measuring
at small solar zenith angles (i.e. low airmass factor). Moreover, the use of an airborne Langley spectrum as a
reference eliminates the need to derive the amount of trace gases in the reference spectrum, an important quantity
in the Direct-Sun DOAS retrieval method [2], and reduces the inherent uncertainty resulting from this procedure.
This is especially important for airborne applications, where the spatial location is rapidly changing so that one
geo-located reference spectrum might not be appropriate for the whole areal range covered by the aircraft or is
actually not representative of the sampled scene (e.g. measurements above ocean). Columnar water vapor amounts
were retrieved using the modified Langley approach, as implemented in [3], with adjustments that incorporated
the hyper-spectral nature of the instrument. Good agreement was observed between the 4STAR and AATS-14 on
co-located measurements. AOD values were derived by subtracting the proper amount of gas contributions for
each temporal point. The importance of airborne measurements was demonstrated when an episode of relatively
high AOD values was observed above 6 kilometers, confirming recently published ground-based and space-borne
Lidar observations of high stratospheric AOD values due to the June 2011 Nabro Volcano eruption[4].
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