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Cloud detection in the upper troposphere-lower
stratosphere region via ACE imagers: A qualitative
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[1] Satellite-based limb occultation measurements are well suited for the detection and
mapping of polar stratospheric clouds (PSCs) and cirrus clouds. Usually, cloud signatures
are detected on aerosol extinction profiles. In this paper, ACE two-dimensional (2-D)
imager data are used to show PSCs and cirrus clouds. Clouds can be clearly seen, with a
good vertical and horizontal resolution (1 km), during sunset and sunrise. In addition, we
discovered significant differences between stratospheric (PSCs) and tropospheric (cirrus)
clouds. PSCs appear as “symmetric’ layers, no horizontal or vertical “structure™ is
detected within the PSC, suggesting that PSCs are uniform clouds with a very large
horizontal extent. On the other hand, cirrus cloud image geometry is not well-defined. In
contrast to PSCs, cirrus clouds appear as irregular shaped clouds. These tropospheric
clouds seem to have horizontal dimensions similar to the Sun on the image (25 km at the
tangent point). The qualitative display of these different kinds of clouds, seen on the raw
2-D imager data, proves the ability of the imagers to be an efficient cloud detector in
the upper troposphere-lower stratosphere (UTLS) region. Moreover, the structure of these

clouds can be derived.
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1. Introduction

[2] Polar stratospheric clouds are of fundamental impor-
tance for the formation of the Antarctic ozone hole [Farman
et al., 1985] that occurs every year since the early 1980s in
Southern Hemisphere spring. PSCs act as hosts for hetero-
geneous reactions that transfer chlorine from the reservoir
compounds HCI and CIONO, to Cl, [Molina et al., 1987].
This process occurs throughout the polar night. When solar
radiation reaches the polar lower stratosphere again, Cl, is
photolyzed to active CI that participates in a series of
catalytic ozone destruction cycles [Solomon, 1999]. The
formation of PSCs requires temperatures below 195 K
(Tnat) for PSC types Ia (NAT, nitric acid trihydrate;
crystalline) and Ib (ternary solution of HNO3, H,SO,4 and
H,0; liquid), and less than about 188 K for PSC type II
(HO ice).

[3] In addition, it has recently become clear that cirrus
clouds significantly affect the global energy balance and
climate, due to their influence on atmospheric thermal
structure. Several studies [e.g., Randall et al., 1989;
Ramaswamy and Ramanathan, 1989; Liu et al., 2003a;
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Liu et al., 2003b] point out that cirrus clouds are likely to
have great impact on the radiation and hence the intensity of
the general large-scale circulation in the tropics. Cirrus are
thin, wispy clouds that appear at high tropospheric altitudes
and consist of ice crystals. Cirrus clouds are globally
distributed at all latitudes over land or sea at any season of
the year. They undergo continuous changes in area coverage,
thickness, texture, and position. Tropical cirrus clouds
extend as high as 13—18 km, with ice crystal sizes that
range from about 10 to 2000 pm [Eremenko et al., 2005].

[4] Distinguishing clouds from background aerosols in
aerosol extinction retrievals is far from straightforward. The
use of an averaged line of sight in retrieval methods for
solar occultation measurements, the inhomogeneous nature
of cloudiness, and the lack of coincident data available for
comparisons make the distinction between clouds and
aerosols very uncertain. Many approaches toward cloud
identification from solar occultation and limb emission
measurements have been attempted [e.g., Kent et al.,
1997; Fromm et al., 1997, Nedoluha et al., 2003; von
Savigny et al., 2005; Spang et al., 2005]. Recently, the
problem of PSC identification was also addressed using
stellar occultation measurements [Vanhellemont et al.,
2005].

[5] In the present work, we used imager data provided by
the Atmospheric Chemistry Experiment (ACE) to detect
and illustrate cloud signatures. The main idea of our
approach consists in first roughly detecting clouds using
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transmission and total extinction profiles. A qualitative
display of these different kinds of clouds, seen on the raw
two-dimensional (2-D) imager data, will prove the ability of
the imagers to be an efficient cloud detector in the upper
troposphere-lower stratosphere (UTLS) region. Finally, a
characteristic cloud image geometry for both PSCs and
cirrus clouds is derived.

2. ACE Instrument and Imager Data

[6] The Atmospheric Chemistry Experiment (ACE)
[Bernath et al., 2005] was launched in August 2003 aboard
the Canadian scientific satellite SCISAT-I. The main instru-
ment on board is a high-resolution (0.02 cm™') Fourier
Transform Spectrometer (FTS) operating from 750 to
4400 cm™'. During sunrise and sunset, the FTS measures
infrared absorption signals to provide (via an inversion)
vertical profiles of atmospheric constituents (gases and
particles). Aerosols and clouds are being monitored
using the extinction of solar radiation at 1.02 (NIR) and
0.525 (VIS) pm as measured by two filtered imagers. The
imagers consist of (after binning) 128 x 128 active pixel
sensors. The total field of view (FOV) of the imagers is
30 mrad, to be compared to the 9 mrad angular diameter
of the Sun. The signal-to-noise ratio (SNR) of each solar
image is greater than 1000. The satellite operates from a
circular orbit at an altitude of 650 km, and the orbital
plane inclination of 74 degrees allows a global coverage
with some predominance of the polar regions.

[7] While the Sun is setting below or rising from behind
the Earth’s horizon, at every time stamp, the imagers
capture a snapshot of the Sun as seen through the atmo-
sphere. On these pictures, the apparent Sun width is about
25 km at the tangent point and the apparent Sun height varies
from almost 0.7 km (geometrical dimension of 1 pixel at the
tangent point) in the optically thick, lower troposphere
where the Sun image is highly flattened by the refraction,
to its maximum (about 25 km at the tangent point) where
refractive effects are negligible.

[8] Transmittances are calculated only for the pixels
deemed to be in the center of the ACE-FTS FOV (i.e., the
center of the Sun), as determined from the prelaunch
registration measurements and postlaunch checks of the
registration. The results are averaged for three adjacent
pixels to improve the signal-to-noise ratio. The three pixels
are within the FTS FOV and are from the same row of the
image (and thus have the same tangent altitude). Tangent
heights are assigned to the transmittance data through the
time stamps of the ACE-FTS and imager measurements,
with an accuracy of about 1 km. The authors refer to Boone
et al. [2005] for a detailed description of ACE-FTS and
imager retrievals. The imagers are sampled at a rate of
4 images per second, while the FTS scans take about 2 s
each. The imagers and FTS are not synchronized to each
other. So, an offset in time stamp is required to relate the
two data sets. The value selected for the offset was chosen
such that cloud features in the extinction profiles derived
from the imagers matched observations from cloud spec-
tral features in the FTS. From the transmittance data, a
profile for total atmospheric extinction at both wavelengths
was retrieved by using a vertical inversion algorithm.
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[9] Aerosol extinction profiles were obtained by subtract-
ing the gas extinction contributions (air, O3, NO,), obtained
from the FTS measurements, from the total atmospheric
extinction profiles. Since the used imager pixels are within
the LOS of the FTS, our approach is reasonable. The
temperature profiles that are used in this paper are also
provided by the FTS.

3. Cloud Detection

[10] From the 3712 events measured between April 2004
and May 2005, we visually selected clouds from the
imagers transmission and total extinction profiles. Clouds
appear as sharp features, with a decrease in atmospheric
transmittance corresponding to an increase in total extinc-
tion (Figure 1).

[11] The selected events are divisible in three main
subgroups, determined by the three main ACE observation
priorities (Arctic/Antarctic spring and the tropics). The first
group of 38 clouds were visible during the (northern) winter
of 2005 in Northern Hemisphere (>50°N). Second, we have
a group of 59 clouds during the (northern) summer of 2004
in Southern Hemisphere (>50°S). Finally, there is a large
group of 103 equatorial clouds (30°S to 30°N) in any season
of the year 2004—2005. A longitude/latitude plot and a
time/latitude plot shows the geographical and temporal
distribution of the selected events (Figure 2).

[12] The median aerosol extinction profiles (Figure 3)
clearly show an increased extinction in the lower strato-
sphere for the selected Southern Hemisphere occultations,
revealing the presence of PSCs. At northern latitudes, no
such stratospheric PSC signature is observed. This obser-
vation is corroborated by an investigation of the ACE
temperature retrievals (Figure 4). In the majority of cases,
temperatures exceed the PSC formation temperature (Tnar)-
However, a few cases occur below Tyar and these are
associated with PSC formation. Other clouds are tropo-
spheric clouds (increased upper tropospheric median aerosol
extinction). At the equator, a significant median enhance-
ment of aerosol extinction is observed below 17 km,
suggesting the presence of tropospheric (cirrus) clouds.

4. Imager Results

[13] In this section we present a qualitative description of
PSCs and cirrus clouds as seen by the NIR imager. The
reason for not using the VIS imager is clear: optical
extinction (gas absorption and Rayleigh scattering) is much
stronger in the visible range. As a consequence, a signal cut-
off is often observed at tropospheric and lower stratospheric
altitudes. Moreover, transmittances that are measured by the
NIR imager are almost exclusively affected by aerosols and
clouds since the extinction cross sections of the gaseous
species are very small at the corresponding wavelength.

[14] Starting from the set of detected cloud events, we
have performed a classification. A cloud is labeled as a
“PSC” when (1) the associated occultation occurred at high
latitudes (possibly inside the polar vortex) and (2) when the
associated temperature is lower than Tyar. When at least
one of these two criteria is not satisfied, the cloud is labeled
as “cirrus.” As already mentioned, many Northern Hemi-
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Figure 1. Atmospheric transmission (left) and total extinction (right) profile of a selected event with

cloud contamination.
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Figure 2. Geolocation of the selected events with possible cloud contamination at Northern Hemisphere
(circles), equator (crosses) and Southern Hemisphere (stars). (top) Longitude/latitude plot; (bottom) time/

latitude plot.
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Figure 3. Median NIR aerosol extinction profiles for the selected events (full lines) in (top) Northern
Hemisphere, (middle) equator, and (bottom) Southern Hemisphere. Dashed lines represent median NIR

aerosol extinction profiles for events without cloud contamination.
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Figure 4. Temperature distributions for the selected occultations in (top) Northern Hemisphere and
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(bottom) Southern Hemisphere. Ty is indicated by the vertical line at 195 K.
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Figure 5. Reference Sun image outside the Earth’s atmosphere (120 km). Note that vertical and
horizontal scale is pixels (1 pixel has horizontal and vertical dimension of 0.7 km at the tangent point).

The color bar represents measured flux intensity.

sphere clouds are suspected to be of the cirrus type. As we
will see, the imager data confirm this beyond doubt.

[15] The images shown in this section are (raw) imager
data. A rotation is applied to measured images such that the
rows of the transformed image are parallel to the Earth’s
horizon. The transformation uses the assumed orientation of
the satellite for aligning the input slit to the horizon
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Figure 6.
layer, 2 August 2004 at lat = 65°S.

(accurate to 1 degree). The images are corrected for items
such as dark counts and secondary images. Presented
images are one snapshot of the Sun, initially consisting of
64 x 64 pixels but cut off for distinct presentation. On
Figure 5, an image of the Sun at high altitude, outside the
Earth’s atmosphere, is shown. Since there is no atmospheric
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Imager data at 1.020 pm. (top) PSC layer, 9 July 2004 at lat = 61°S; (bottom) PSC double
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Figure 7. (top) Edge of a cirrus cloud, 20 February 2005 at lat = 5°N; (middle) cirrus cloud with
complex structure, 26 August 2004, lat = 20°N; (bottom) cirrus cloud associated to cumulus structure,

27 August 2004, lat = 18°N

absorption, it is a reference image for other imager data in
this section.

4.1. PSCs

[16] Imager data associated with PSC events, are shown
on Figure 6. Remarkably, PSCs appear as “symmetric”
layers. No horizontal or vertical “structure” is detected
within the PSC, suggesting that PSCs are uniform clouds
with a large horizontal extent. Owing to the good vertical
resolution, even two PSCs above each other can be seen
(a double layer). Looking to the movie of a Sun rising from
behind the Earth’s atmosphere, suddenly, between 15 and
25 km, a PSC appears on top of the Sun image. While the
Sun is rising (setting), the cloud passes as a layer sliding
down (up) over the solar disk. We detected no events with a
PSC covering only a part of the Sun width. PSCs seem to be
spread over very large, low-temperature, horizontal regions.

[17] In principle, cloud thickness should be derivable
from imager data. However, it is important to notice that
the cloud picture is dependent on the position of the cloud
along the LOS. When the cloud is located near the tangent
point, the cloud image geometry is a good indicator of the
physical geometry. However, clouds located far from the
tangent point region should be no exception. This is
suggested by a significant amount of detected PSCs with
a large altitude extent (10 km), most possibly caused by an
altitude smearing.

4.2. Cirrus Clouds

[18] In contrast to PSCs, cirrus clouds are not character-
ized by a homogeneity in the imager data. Looking to the
rising/setting Sun, cirrus clouds appear as horizontally and
vertically moving, complex structures. This horizontal
motion is not related to a physical motion of the cloud,

but to [, i.e., the angle between the orbit track of the
satellite and the Earth-Sun vector. The greater the absolute
value of (3, the faster the apparent horizontal movement of
the cirrus cloud (the Sun is fixed in the CCD center).

[19] Obviously, there is a large variability in horizontal
extent. However, edges are almost always detected. In
contrast with PSCs, cirrus clouds seem to have horizontal
dimensions similar to the Sun on the image (25 km at the
tangent point). Single clouds are detected as well as groups
of cirrus clouds. Also, cirrus clouds growing from outflows
of tower cumuli in the tropics can be distinguished. Typi-
cally, these clouds absorb sunlight in the troposphere,
forming a large chain of connected cirrus clouds (Figure 7).
The conclusions for PSCs about the relation between
observed cloud geometry and cloud location are of course
also valid here.

4.3. Northern Hemisphere Observations

[20] When associated temperatures significantly exceed
Tnat, no PSC is observed. After further investigation of the
ACE FTS temperature profiles, these clouds seem to be
tropospheric (cirrus) clouds. These conclusions from
section 3 remain unaffected after exploring 2-D imager
data of the concerned events. Both horizontal extent as
well as complexity of cloud structure support the subdivi-
sion of the Northern Hemisphere data set in PSCs and
cirrus clouds. Using cloud image geometry, we obtain the
same classification as via temperature investigation.

5. Conclusions

[21] ACE imager data are used to illustrate different types
of clouds in the UTLS. A cloud is labeled as a “PSC” when
the associated occultation occurred at high latitudes (possibly

6 of 7



D03208

inside the polar vortex) and when the associated temperature
is lower than Tyt Otherwise, the cloud is labeled “cirrus
cloud.” We discovered significant differences between PSCs
and cirrus clouds exploring 2-D imager data. PSCs appear as
“symmetric” layers, no horizontal or vertical “structure” is
detected within the PSC, suggesting that PSCs are uniform
clouds with a very large horizontal extent. On the other hand,
cirrus cloud image geometry is not well-defined. Also, cirrus
clouds seem to have horizontal dimensions similar to the Sun
on the image (25 km at the tangent point).

[22] In conclusion, we have established the usefulness of
imager data to detect clouds and to observe their structure.
Our conclusions about cloud image geometry will help us to
implement a cloud detection algorithm in future. After
validation, a synergetic use of ACE FTS and imager data
will reveal observed cloud nature and geometry in the
UTLS region. A (quantitative) cloud analysis at the tropics
and at high latitudes during the polar vortices will be
presented soon.
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