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Retrieval of ultraviolet skylight radiances and O3 slant

column densities from balloon-borne limb spectrometer
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With a novel light-weight and absolutely calibrated ultraviolet (UV) spectrometer, UV skylight radiances
and O3 slant column densities are measured by balloon-borne limb measurements in Xinjiang area, China.
UV skylight radiances measured at the height of 31 km are compared with the results from Modtran in
the wavelength range from 290 to 420 nm. O3 slant column densities are derived from radiance spectra
in the Huggins bands (320 − 335 nm) using differential optical absorption spectroscopy method. And the
parameter exhibits a good correlation with the same value simulated by radiative transfer model (Tracy).
The O3 profile simultaneously measured by an O3 sonde is used as input in Tracy calculations. The O3

sonde is launched on the same balloon.
OCIS codes: 280.1120, 300.1030, 300.6540.
doi: 10.3788/COL20080607.0541.

In recent years several space-borne limb scattering in-
struments were launched to remotely sense the Earth’s
atmosphere. The instruments included the shuttle ozone
limb sounding experiment/limb ozone retrieval exper-
iment (SOLSE/LORE)[1] flown on the space shuttle
mission STS-87 in 1997, optical spectrograph and in-
frared imaging system (OSIRIS)[2] on the Swedish-led
Odin satellite launched in February 2001, scanning imag-
ing absorption spectrometer for atmospheric chartogra-
phy (SCIAMACHY)[3] on ESA’s ENVISAT launched in
March 2002, as well as NASA’s SAGE III on the Russian
Meteor-3M satellite.

SCIAMACHY onboard European space agencies en-
vironmental research satellite ENVISAT is a grating
spectrometer consisting of 8 channels measuring in the
ultraviolet (UV), visible, and near infrared wavelength
region of 240 − 2380 nm[4]. The satellite operates in a
near polar, sun-synchronous orbit at an altitude of 800
km and a local equator crossing time at approximately
10:00 am. The typical ground pixel size of SCIAMACHY
is 30 (along track) ×60 (km) (across track), thus being
a substantial improvement to the large footprint of the
predecessor instrument GOME onboard ERS-2. SCIA-
MACHY is designed to measure sunlight that is either
transmitted, reflected or scattered by the earth atmo-
sphere or surface. For this purpose it has 3 viewing
geometries, Nadir, Limb and Occultation.

In this letter, we report the development of UV mea-
surement with an absolutely calibrated UV spectrometer
for limb viewing. Combining with these measurements,
the monitoring of absolute UV skylight radiance becomes
available. And by applying differential optical absorp-
tion spectroscopy (DOAS)[5−8], it is allowed to infer slant
column densities for all gases absorbing in UV, such as
O3, and possibe NO2, BrO, OCIO in future.

Figure 1 shows the schematic of instrument. A tele-
scope with an aperture diameter of 40 mm and 1◦ field

of view (FOV) captures scattering light. By the optical
fiber, the scattering light goes into the entrance slit (50
µm wide) of a charge-coupled device (CCD) spectrome-
ter (Ocean Optics, HR2000). The spectrometer with the
dimension of 148.6 × 104.8 × 45.1 (mm) has a mechan-
ically stable, crossed Czerny-Turner design with fixed
grating. The CCD array consists of 2048 elements and
has high sensitivity for the wavelength range of 290−420
nm. The resulting spectral resolution is 0.4 nm.

During the experiment, the CCD gate duration is
changed automatically depending on the last signal value.
Between successive gate periods there is a time lag of 7
ms during which each spectral data is sent to a computer
through the universal serial bus. At every measured cy-
cle the computer also obtains the orientation information
from the electronic compass via RS232. For measuring
the absolute radiance, the system was calibrated with a
1000-W tungsten halogen lamp in the laboratory. The
spectrometer’s temperature is stabilized by heating film
surrounding the spectrometer during the whole cam-
paign.

To retrieve column densities from the observed spectra,
the well known DOAS is applied. The method is based
on Lambert-Beer law

Fig. 1. Instrument for measuring UV radiance and trace
gases.
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I(λ) = I0e
−

R
σ(λ)c(x)ds, (1)

where I, I0 are the detected intensity and the reference
intensity, respectively. The absorption cross section σ(λ)
is one characteristic of the individual trace gases. The
integrated concentration along the light path

∫
c(x)ds is

called slant column density (SCD) and is the result of
the DOAS analysis.

The field campaign took place in Xinjiang area, China,
during July 2006. The balloon was hooked on at 10:00 lo-
cal time. Two hours later, it reached maximum height of
31 km. After two hours floating, the load was separated
from the balloon at 14:00. Figure 2 shows UV radiances
calculated from Modtran and balloon-borne limb mea-
surements from 290 to 420 nm. The Fraunhofer line is
evident, and we use it for wavelength calibration. Good
correlation can be found between balloon-borne system
and Modtran. Since American standard atmospheric pa-
rameters were used for calculating UV radiances rather
than those for measurement conditions, the radiances of
balloon-borne system and Modtran do not have the same
value.

In this campaign, the spectral retrieval of O3 is per-
formed in the wavelength interval of 320− 335 nm. The
cross section at T = 223 K from Voigt[9] was used for
ozone calculation. The high resolution cross section was
convolved with recorded line spectra of a mercury lamp.
A spectrum correcting for the Ring effect[10] is included
in the considered fitting routine[11]. A limb spectrum
measured at balloon float altitude is used as Fraunhofer
reference spectrum, for which the residual trace gas ab-
sorptions are expected to be minimal. Figure 3 shows an
example of DOAS fit for a spectrum taken on July 11,
2006 at 10:04. The O3 SCD for this example retrieval is
1.14 × 1019 mol/cm2.

The O3 SCDs retrieved from the measured spectra
were compared with those simulated by radiative transfer
model (Tracy). The O3 profile simultaneously measured
on an O3 sonde was used as input in Tracy calculation.
The O3 sonde was launched on the same balloon. In this
study, the Monte Carlo radiative transfer model (Tracy)
was used for the O3 SCD simulation. Tracy model was
developed by Heidelberg University in 2003[12,13]. It
solves the radiative transfer equation by backward Monte
Carlo simulations in a fully spherical, three-dimensional
(3D) and refractive atmosphere. In particular, it may

Fig. 2. UV radiance from 290 to 420 nm. (a) Calculated from
Modtran; (b) balloon-borne limb measurements.

Fig. 3. An example of the DOAS evaluation of ozone in the
wavelength interval of 320 − 335 nm for a spectrum taken on
July 11, 2006 at 10:04. Shown in the figure are the retrieved
optical densities of O3, Ring (thick lines) and the residual
structure. The measured (thick line) and the Fraunhofer
spectra (thin line) are shown in the top graph.

Fig. 4. Comparison of measured and modeled O3 SCDs.

simulate the measured SCD of trace gases under consid-
eration, such as temperature (T ) and pressure (p), ozone
and aerosol profiles. In this simulation, the profiles of T ,
p and ozone come from real test and aerosol profile from
American standard atmosphere. Figure 4 shows the com-
parison between limb measured and forward modeled O3

SCDs by using the ozone profile measured from the ozone
sonde which works on the same load. The measured and
simulated O3 SCDs are in agreement with each other
well.

In summary, we present a novel balloon-borne UV spec-
trometer for limb UV radiance and trace gas measure-
ments. For our data we find reasonably good agreement
between radiances simulated by Modtran and obtained
from limb UV balloon measured at float altitude of 31
km. Retrieved O3 SCDs form radiance spectra in the
Huggins bands (320−335 nm) using DOAS method, and
exhibit good agreement with simulated radiance transfer
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model. In the future, more trace gases, such as NO2,
BrO, and OCIO will be addressed, and profiles of these
trace gases can be also calculated with optimal estima-
tion method[14].
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