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Abstract

An imaging spectrometer (AisaEAGLE) is applied fmound-based measurements of
downward spectral radiance fields with high spatl&#l24 spatial pixels within 36.7°
field of view), spectral (488 spectral pixels, 4800 nm, 1.25 nm full width at half
maximum) and temporal (4-30 Hz) resolution. Thebecation, measurement, and data
evaluation procedures are introduced. A methodesgnted that retrieves the cirrus
optical thicknesg; using the spectral radiance data collected by4gaLE. On the
basis of four measurement cases during the secamgppaign of the Cloud Aerosol
Radiation and tuRbulence of trade wind cumuli dArbados (CARRIBA) project in
2011 the spatial inhomogeneity of the investigabtgdus is characterized by the
standard deviation of the retriever, as well as the width of the frequency
distribution of the retrieved.. By comparing measured and simulated downward
solar radiances as a function of scattering argfest estimation of the detected cirrus
ice crystal shape is given and used in the retrigive,;

Zusammenfassung

Ein abbildendes Spektrometer (AisaEAGLE) wurde Ingédunden zur Messung von
Feldern abwarts gerichteter spektraler Strahldichtmit hoher raumlicher
(1024 Raumpixel auf 36.7° FOV), spektraler (488 kgade Pixel, 400-970 nm,
1.25nm FWHM) und zeitlicher (4-30 Hz) Auflosung rmwendet. Die
Kalibrierungsprozedur, das Messverfahren sowie Ri¢enauswertung werden hier
vorgestellt. Weiter wird eine Methode zur Ableitudgr Zirrus optischen Dicke,;
unter Verwendung dieser bodengebundenen spekt&itahldichtedaten vorgestellt.
Auf der Grundlage von vier Messzeitraumen wahreed ziveiten Kampagne des
Cloud Aerosol Radiation and tuRbulence of trade dvbumuli over BArbados
(CARRIBA) Projektes in 2011 wird die raumliche Imhogenitat der untersuchten
Zirren durch die Standardabweichung der abgel@itete wie auch der Breite ihrer
Haufigkeitsverteilungen charakterisiert. Vergleiadher gemessenen Strahldichten mit
Simulationen abwarts gerichteter solarer Strahtdichals Funktion der Streuwinkel
ermdglichen eine erste Abschatzung der Eiskristatifim detektierten Zirrus und
gehen in die Ableitung deg; ein.
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1. Introduction

Satellite-derived cirrus cloud climatology includgeud cover, optical thickness, and
crystal effective radius. Changing either of thgsarameters may change the
magnitude of their radiative forcing. For examptecurrent global circulation models

a standard value of 25 um for ice crystal effectigdius is assumed. For slightly
smaller crystals, cirrus clouds would have a steongpoling effect (Garrett et al.,

2003). However, cirrus clouds often show a hightiagpand temporal variability and

in addition might be optically thin. This partly kes it hard to detect cirrus by
common remote sensing techniques. The microphysigaiposition adds a further

complication. Depending on crystal shape, the cloaglative properties may vary

substantially and cause biases in both satelliteevals (based on reflected radiance,
Eichler et al., 2009) and the energy budget (rdldateirradiance, Wendisch et al.,
2005, 2007).

Passive satellite imaging spectroradiometers usedlbud retrievals measure
the radiance field emerging from clouds. The apbility of those data for remote
sensing is limited by radiative smoothing and otBEreffects, but also by the limited
number of wavelength bands and spatial resolutfaime sensor. A second source of
uncertainty in cirrus retrievals arises from thewfard simulation applied within the
retrieval algorithm. In the special case of iceud®s, assumptions about the crystal
shape and the corresponding scattering propertiesmade. Eichler et al. (2009)
showed that these assumptions can add an uncgrodinp to 70% and 20% in optical
thickness and effective radius, respectively. A waycheck the retrieval algorithms
with respect to both horizontal cloud heterogenaity resolution and to crystal shape
is provided by flying airborne versions of speciidiometers above cirrus clouds, such
as the MAS (MODIS Airborne Simulator).

Along with extensive microphysical and solar raigiatinstruments as well as
radiative transfer simulations Schmidt et al. (20&hd Eichler et al. (2009)
investigated the differences between retrieved ar@hsured microphysical cloud
properties. Schmidt et al. (2007) revealed largesdeetween retrieved effective radius
from MAS and simultaneous in situ measurementss Thsagreement is probably
related to the often discussed enhanced absorptidnhas not been resolved yet,
partly because it has been extremely difficult tdloacate remote sensing above the
clouds and concurrent in-cloud microphysical measiemts. Such experiments are
extremely important to link satellite cloud obsdreas of coarse resolution to
spatially highly resolved measurements of cloudpprbes. Unfortunately, such
experiments are rare, partly because instrumekés MAS are very complex and
expensive and are not available for frequent ckxmkriments.

Furthermore, the modeling of cirrus inhomogeneitas to be improved. There
are only very few cloud-resolving model studies @rrus inhomogeneities, with
regard to the radiative impact on the structureciafus clouds (Dobbie and Jonas,
2001), turbulence effects (Liu et al.,, 2003), oeah instabilities (Marsham and
Dobbie, 2003). For a realistic simulation a highategd and temporal resolution is
required to represent the small scale featuresrafscinhomogeneities. In this regard,
ground-based imaging spectrometers are a helpbliltéoprovide information on the
cirrus heterogeneity in terms of field of radiam® cirrus optical thickness.
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Within this study a ground-based spectral imagesgBAGLE Hanus et al., 2008) is
applied to measure downward spectral radiancesfielith high spatial (1024 spatial
pixels within 36.7° field of view, FOV), spectrai§8 spectral pixels, 400-970 nm,
1.25 nm full width at half maximum, FWHM) and tennpb (4-30 Hz) resolution.
Commonly AisaEAGLE is used for airborne observaiarh the Earth’s surface and
upward spectral radiance. In this paper AisaEAGEkEapplied on the ground to
measure downward solar radiances. In Section 2AiISaEAGLE is technically
characterized and its calibration and data evaloapirocedures are described and
exemplified. Section 3 introduces a new methocetaave the cirrus optical thickness
(te) from spectral radiance data, which also uses langgampling of the phase
function to obtain information about the particldhape. Its application to
measurements is presented in Section 4.

2. Measurements of Spectral Radiance Fields
2.1 Campaign and Measurement Site

In April 2011, directional and spectral measurers@&fitdownward solar radiance were
performed with the spectral imager AisaEAGLE on l@alos during the second
campaign of the Cloud Aerosol Radiation and tuRhcegeof trade wind cumuli over
BArbados (CARRIBA) project (Siebert et al., 201Zhe aim of CARRIBA was to
investigate microphysical and radiative processéhinvand next to shallow trade
wind cumuli by helicopter-borne and ground-basedeokations (e.g., Werner et al.,
2012). However, also cirrus clouds have frequebign observed by the ground-
based instrumentation.

During the CARRIBA project in 2011, the imaging spemeter AisaEAGLE
was located in the Barbados Cloud Observatory (B&f@)e Max Planck Institute for
Meteorology (Hamburg, Germany) at Deebles Pointl83N, 59.42° W), a cape at
the east coast of Barbados.

Additionally, measurements with a Raman LIDAR andaud RADAR as well
as radiosonde launches are available. See Siebait £012) for a more detailed
description of the BCO. In parallel to the AisaEAEGLadiance measurements, all-sky
images were collected every 15 seconds to receif@nation about the cloud
situation (cloud coverage, cloud type, heading).

Downward spectral radiance was measured under iopeneous cloud cover
on 14 different days. Each day, two hours of dateevcollected coordinated with the
helicopter-borne measurements. In the followingy foases with measurements below
cirrus and without low cumuli clouds were evaluated

2.2 Imaging Spectrometer AisaEAGLE

The AisaEAGLE is a commercial imaging spectrometich is manufactured by

Specim Ltd. in Finland (Hanus et al., 2008). laisingle-line sensor with 1024 spatial
pixels. The instrument measures radiances in thkiieeensions: space, time, and
wavelength. The spatial and spectral dimensionsem@ved by a special set of optics
that displays the image onto a two-dimensional (2&)sor chip. The third dimension,
time, corresponds to the motion of the clouds passiver the sensor. An optical

55



Wiss. Mitteil. Inst. f. Meteorol. Univ. Leipzig Band 51 (2013)

schematic for the path of the electromagnetic tamiadetected by the center spatial
pixel is shown in Figure 1.
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Fig. 1. Optical scheme of an imaging spectrometer. The figure is adapted from
DellEndice et al. (2009).

The incoming solar radiation within the field ofew (FOV) of AisaEAGLE is
collected by a lens and an entrance slit. A collingaoptics direct the radiation to a
grating (dispersing element) where it is split iftospectral components. The spectral
components are focused on the detector which dsnefsa charge-coupled device
(CCD) element for the spatial and spectral dimerssio

In contrast to airborne measurements (Bierwirthalet 2012), the 2D image
evolves from the cloud movement and not from thessemovement. The sensor was
aligned perpendicularly to the direction of theutlomovement, thus 2D images of
clouds with high spatial resolution are obtainelde FOV of the AisaEAGLE depends
on the lens that is used for the measurementsn®tine CARRIBA project in 2011, a
lens with an opening angle of about 36.7° was nmenlint

While the swath increases with distance to the ccloy the tangent of the
opening angle, the pixel size depends on its posiin the sensor line. The FOV of a
pixel (pixel width) in the center (viewing zenitly) smaller than that of a pixel at the
edge. The "time" dimension of the spectral dataalset translates to a spatial quantity:
the lengthl e Of the FOV of a pixel is the product of the perienlar cloud velocity
Veoud @nd the selected integration timg, for the measurement. Considering
additionally for a non-perfect perpendicular oramn with the anglex between the
flow direction of the cirrus and the orientationtbé sensor lindy is then given by:

lpixel = |sinal "Veloud * tint (1)
Figure 2 illustrates the measurement geometry wisicieeded to derive the detected
scattering angles’ for each spatial pixel. The scattering anglas derived by the

scalar product between the vector of the incomwoigrgadiation (SC) and the vector
of the radiation scattered into the sensor direct@D):

cosVY = ——— = CO0S @, sin G, sin §; + cos 6, cos f; (2)
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Fig. 2. lllustration of the AisaEAGLE measurement geometry in a Cartesian
coordinate system (X, y, 2) with position of the Sun (S), a scattering cloud particle (C)
and the AisaEAGLE detector (D). & is the solar zenith angle, @, the solar azimuth
angle, 7 the scattering angle, and 4 the viewing angle of the corresponding pixel.

For the calculations the solar azimuth angles considered relatively to the azimuth
angle of the AisaEAGLE sensor line. Therefagpas cancelled out in the above given
equation for the scattering angie

For each spatial pixel the radiance is measuredctrsly between 400 nm and
970 nm with 488 wavelength pixels. The spectrablkgsn is 1.25 nm FWHM.
During the CARRIBA project in 2011 a frame ratedofiz was used. The integration
time was chosen between 10 ms and 30 ms, depeoditige illumination of the cloud
scene.

2.3 Calibration, Corrections, and Data Handling

The data collected by the AisaEAGLE are given imrte per integration time. A
calibration to obtain radiancdsin units of W nf nmi'sr* is performed with an
integrating sphere and the software AisaTools (pdexv by the manufacturer). The
dark current is determined separately with a shufibe calibration factors for each
pixel are calculated from the calibration measumeusing a certified radiance
standard (integrating sphere) traceable to the. Wafonal Institute of Standards and
Technology.

Since the AisaEAGLE detector is based on CCD tegl®iit is necessary to
correct for the smear effect in calibration and sueament data. The smear effect
occurs during the read-out process of the collepteato-electrons which are shifted
step by step from one spectral pixel to the neighigoone into the direction of the
read-out unit. The read-out process is not infipitast. Due to the fact that radiation
still can reach the sensor during the read-out, gixels are contaminated by an
additional signal. The read-out process for thgérrwavelengths ends earlier than the
read-out for the shorter wavelengths. Therefore atiditional signal (smear effect) is
larger for shorter wavelengths which are longemilinated during the read-out. The
whole procedure for correcting the measurementshidismear effect can be found in
Schafer et al. (2013).
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3. Retrieval of Cirrus Optical Thickness

For the retrieval of the cirrus optical thicknegs from the measured downward
spectral radianc¥ transmitted through the cirrus, radiative transi&culations were
performed. The radiative transfer solver DISORT Dds¢rete Ordinate Radiative
Transfer) was applied. Input parameters, such asdcbptical properties, aerosol
content and spectral surface albedo are providethdyibrary for radiative transfer
calculations (libRadtran, Mayer and Kylling, 200%he so called HEY (Hong, Emde,
Yang) parameterization was used to describe théesic properties of ice crystals. It
uses pre-calculated ice cloud optical propertiekiaing full phase matrices generated
with the models by Yang et al. (2000)

The simulations were performed for 530 nm wavelengvhich allows a
comparison with the available LIDAR data. Since B®O is located at the far end of
this cape, the measurement site is surrounded lbyviager and half rocks and grass.
For simplification the surface albedo in the ragi@transfer simulations was assumed
to be only water, as derived by Wendisch et al0og2(roviding a value of 0.068. A
maritime aerosol type, provided by libRadtran wasdi The cloud altitude and cloud
vertical extend was determined by LIDAR measuresientBCO. On the basis of the
MODIS data collection 5, a fixed effective radiugg( of 20 um was assumed as no
direct retrieval from AisaEAGLE is possible. Downaasolar radiancd'c, was
calculated as a function @f;. By fitting the measured downward solar radiahgg,s
to the simulation, the correspondingis interpolated.

The imaging measurements require an accurate p#saoriof the sensor
geometry in the simulations as shown in Figure he Tsensor was aligned
horizontally. The viewing zenith angle is giventhg sensor FOVA= +18°). Related
to this range, the downward solar radiatiggwas calculated in steps of 0.3°.

4. Measurements
4.1 Measurement Cases

Four datasets of different days were evaluated6918, and 23 April 2011. Figure 3a

to 3d show all-sky images from the beginning of ther cases. These days showed
persistent cirrus with no other clouds below. Arermwew of the main characteristics

of the evaluated measurement periods can be fouihdble 1.
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Fig. 3: All-sky image from the beginning of the evaluated AisaEAGLE radiance
measurements for (a) 9 April 2011 (b) 16 April 2011 (c) 18 April 2011 (d) 23 April
2011. In each image the arrow indicates the heading of the cirrus and the rhomb
indicates the FOV of the AisaEAGLE radiance measurement.
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Tab. 1. Characteristics of the evaluated measurement periods

9" April 16" April 18" April 23 April
start time (UTC) 13:26 13:43 13:43 16:45
average© (°) 36.7 28.6 28.5 14.5
heading SW-> NW NW > SW WSW-> ESE  SSW-> NNE
appearance inhomog. homog. homog. inhomog.
cloud height (km) 11-15 12-15 13-15 11-14
I' Wm?2nmtsrl)+o 0.08+0.02 0.11 +0.02 0.10 £0.03 0.16 £ 0.03
it O 0.41+£0.17 0.28 +0.09 0.20 £ 0.03 0.05 +£0.04
covered theta range 35.1-47.1 32.6-37.9 2422 12.2 -36.3

The heading was derived by comparing the positiodauds in the sequence of all-
sky images (15 s time resolution). The blue boxcaigs the area covered by the
AisaEAGLE radiance measurements, the area of cimhish is heading across the
sensor line during the measurement period. Dubdddct that the AisaEAGLE was
not orientated perfectly in perpendicular directmnthe cirrus heading, the covered
area is not a rectangle in most cases.
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Fig. 4: 2D images of the evaluated AisaEAGLE radiance measurements at 530 nm
with the measured I (W m? nm* sr™) given in colour scales.

The cirrus for 16 and 18 April 2011 were quit horapgous. On 9 and 23 April 2011,
rather inhomogeneous cirrus was observed. On th&@2B 2011, a 22° halo was
identified on the all-sky images but did not ramge the FOV of AisaEAGLE.

Fields of transmitted downward radiarices measured by AisaEAGLE for the
four cases are presented in Figure 4. The radiaagven for 530 nm in two-
dimensional colour scale images for all 1024 spptieels on the abscissa and the time
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of measurement on the ordinate. The cloud structeren in the all-sky images in
Figures 3a to 3d is clearly imprinted in the radmfield. The average valugsof the
measured radiandé are given in Table 1. The highest valud'ofvas observed for 23
April 2011 and the lowest for 9 April 2011.

Especially for 18 April 2011 it is evident that tmeage is getting brighter from
the left to the right side. During this day the s@nline of AisaEAGLE was orientated
from north-west (pixel 1) to south-east (pixel 1p#¢hile the solar azimuth position
was in the East at the same time. This brightersirmgused by enhanced scattering for
small scattering angles, corresponding to the sbéplee scattering phase function of
ice crystals. Therefore, while performing the réd&transfer calculations to retrieve
I.i it is necessary to know the exact alignment ofsiesor line and the exact position
of the Sun. If the sensor orientation is carefagliysidered, the retrieval will account
for this brightness effect caused by enhanced fahwaattering of ice crystals. Using
the calculated scattering angles derived for egudtiad pixel from Equation 2,
Figure 4 can be displayed as a function of scatjeaingle as shown in Figure 5.
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Fig. 5: Time series of the measured downward solar radiance I' during the four
measurement cases as a function of scattering angles. The range of the abscissa of
each image is fitted to the corresponding range of covered scattering angles.

The scattering angles are symmetrical for eachl pixthe pixel closest to the Sun. If
the Sun’s azimuthal position is almost perpendictdathe sensor line, a minimum
appears in the detected scattering angles peabspatel. In such cases, the plotlof
as a function of the scattering angle would hawerlapping sections. For clarity, one
of those sections is assigned a negative signgar€&i5. Furthermore, because of the
Sun’s movement during the measurement period, rttages are not rectangular any
more. The advantage of the illustration using sca) angles is that structures in the
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image related to scattering features of the icstaty occur now in a fixed position
throughout the time series as can be seen for IBZJ1. The radiance always
increases with decreasing scattering angle which typical characteristic of the
forward scatting of ice crystals.

4.2 Retrieved Ice Crystal Shape

With regard to the all-sky image in Figure 3c (18riA2011), the best estimation for
the ice crystal shape should be the assumptioouftr aggregates, since no halo can
be figured out in this image. Figure 6 shows theraged downward solar radiarice
as a function of scattering angles for 18 April.ditbnally included are simulations of

the downward solar radiance for different valueg.of
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Fig. 6: Measured and simulated I* as a function of scattering angles. Measurement
from 18 April 2011. The standard deviation of the measurement is given as a grey
shade. The simulations were performed for different 7; and assumed ice crystal shapes
of a) rough aggregates, b) solid columns, c) plates, and d) mixture.

As can be seen, by performing the simulationsdagh aggregates no halo appears in
the calculated radiance. However, for the caloofetiwith solid columns, plates, as
well as a mixture of ice crystals, the two haloioeg are well defined in the
simulation results. By comparing the measured doavdwsolar radiancé’ to the
simulated ones, the best agreement can be founddgh aggregates. For this reason,
in Section 4.3, tha; for 18 April 2011 were retrieved by assuming roagjgregates
for the ice crystal shape.
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As mentioned before, on 23 April 2011 a halo waseobked as it can be seen in the
all-sky image in Figure 3d. Therefore, in companigo 18 April 2011 another ice
crystal shape than rough aggregates can be expédtadugh it is not shown here,
between the measured radianceand the simulated one for rough aggregates, only
less agreement can be found. For solid columnggland mixed ice crystals it looks
more comparable. Since the cloud inhomogeneitiemgluhis day were rather high,
unfortunately it becomes difficult to figure ouktlexact ice crystal shape for this case.
Therefore, in the following retrieval of thg; for 23 April 2011, ice crystals in the
shape of solid columns (default setting in libRadjrwere assumed.

Using this method, for 9 April 2011 and 16 April120it is more difficult to
estimate the most likely cirrus crystal shape. Tikidue to the only narrow range of
detected scattering angles (halo region is not reajeand the rather high cirrus
inhomogeneity on 9 April 2011. Therefore, the r&de transfer calculations to
retriever;; were also performed for solid columns.

4.3 Retrievedr

The 7 retrieved by the presented method are displaydéigare 7. The unit of the
abscissa and ordinate are converted into distatcélse swath width and heading
distance of the cirrus, respectively. For this, altéude of the cloud base was used to
derive the values for the abscissa. The averagd waocity in the same altitude,
derived from the U. S. National Oceanic and AtmesighAdministration (NOAA),
was used to convert the ordinate into a distance.
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Fig. 7: Time series of theretrieved 7; during the four measurement case. Abscissa and
ordinate values are different due to different measurement conditions.
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For 18 April 2011 the retrieved, indicates that the cloud is very homogeneous. This
confirms that the observed increase in radianagu(Ei4 and 5) results from enhanced
forward scattering of ice crystals and has beersidened correctly by the model. For
23 April 2011 it can be found that quite inhomogmugecirrus was observed with large
areas of clear-sky regions in between.

Frequency distributions of the retrievegdfor each measurement day are shown
in Figure 8. The histograms are normalized by tial tof the retrievedy; with a bin
size of 0.01 inz;.

The average values and the standard deviation eofrétrievedr; for each
dataset are listed in Table 1. High standard deviatcompared to the average values
are a further measure for the inhomogeneities ef dietected cirrus. Thus, the
AisaEAGLE measurements confirm that the cirrus 6ratdd 18 April 2011 was more
homogeneous than on 9 and 23 April 2011.
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Fig. 8: Normalized histograms of 7 for each of the four considered measurement
days. Bin sizeis0.01 in cirrus optical thickness 7.

5. Summary and Conclusions

Downward solar radiance fields were measured withh hspatial, spectral, and
temporal resolution using the imaging spectrom@isaEAGLE. The procedure of
data evaluation (dark current correction, smearection) was described briefly.

The cirrus optical thicknesg; is retrieved from the radiance measurements. On
the basis of four measurement cases collectedglthenCARRIBA project in 2011 on
Barbados, the feasibility of retrieving cirrus agati thickness at high spatial resolution
and characterizing the cirrus heterogeneity wasotsinated. The cirrus on 16 and 18
April 2011 was quite homogeneous with megrof 0.28 and 0.20 and coefficients of
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variation of 0.09 and 0.03. Therefore, the 16 ad April 2011 showed quite
homogeneous cirrus, while on 9 and 23 April 20itheainhomogeneous cirrus with
meant of 0.41 and 0.05 and coefficients of variatiorDdE7 and 0.04 was observed.
It was found that the inhomogeneity of the investiggl cirrus is represented by the
standard deviation of the retrieveg

The determination of the ice crystal shape is carapd without in situ measurements
inside the cirrus. Due to the fact that AisaEAGIlsEable to measure radiance as a
function of a wide range of calculable scatterimgla, it gives the opportunity to
receive information about the scattering phase tfonc from the radiance
measurements. A first feasibility study on thisitopas given during this work by
comparing measured and simulated radiance as &daoraf scattering angles. By this,
it was already possible to distinguish between Ipatalucing and non-halo producing
ice crystal shapes. This topic will be further istigated in future studies by increasing
the detected scattering angle range, using a suqvarsion of the AisaEAGLE, as
well as by parameterizing the cirrus inhomogengiti€he results will then be
implemented in the retrieval algorithm to allowras retrieval independent on any
assumption of ice crystal shape.

To adjust the measurement set up for this purpibee best way to operate
AisaEAGLE in a ground-based application is to adjtiee sensor line into the
azimuthal direction of the Sun, with the clouds dirg perpendicularly across the
sensor line. Performing the measurements like tiesmaximum possible range of the
scattering phase function as well as the maximussipte range of the cloud field can
be detected without a spatial distortion of thaudighape.

6. Outlook

It has been shown that radiance measurements, cimallewith the imaging
spectrometer AisaEAGLE can be used to retrievadberystal shape of the detected
cirrus. This holds for measurements where the raridee detected scattering angles
is wide enough and reaches into the halo range.

On the basis of this study, the assessment ofctheriystal shape from angular
measurements of the solar spectral radiance widdpied to airborne measurements
of the AisaEAGLE system. Furthermore, the datayamaill be extended to separate
between water and ice clouds. Since the scattg@iiage functions of cloud droplets
and ice crystals are quite different to each ottles, will help to identify the cloud
particles phase (droplets, ice crystal).

Measurements to test this approach were alreadfprpeed in April 2012
during the Vertical Distribution of ice in Arcticl@ds (VERDI) project in Canada.
Figure 9 shows such airborne measurements. Thabkarshape of the detected
scattering angle range arises from the measuregeometry. Where the detected
scattering angle range is wide, the flight directwas perpendicular to the azimuthal
position of the Sun. In contrast to this, the ditécscattering angle range narrows,
when the flight direction was into the directiontb&é azimuthal position of the Sun or
away from it.

For the selected case the range of the scatterigtes reaches from 90° to
almost 140°. Unfortunately due to this range tak legion (22°, 46°) as well as the
cloud-bow region £138°) is not covered. The cloud-bow is a backscdtature,
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which is typically for scattering by liquid wateraplets. If this cloud-bow appears in
the data it would indicate the detected cloud kguad water cloud.

During the upcoming Radiative Closure Experimentr fArctic Clouds
(RACEPAC) campaign in April/ May 2014 the fly pattewill be adjusted to cover
also the missing scattering angle range. This belldone by a perpendicular flight
pattern relative to the Sun’s azimuthal positiohisTilight pattern and additional roll
manoeuvres will increase the attitude angles ofaih@ane, which enlarges the range
of detectable scattering angles.
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0.15 TT T T T T T T T T T T T T I T T T T T T T T T T T[T T T TTT
_ ) — AisaEAGLE )
: b — SMART-Albedometer |
E 4 - 014
£ |
< 1
Q o
S € 0.13 l l
S =
g = ¥ ! ,
= o 0.12 & ' ;i
g S ! | | T ]
E E a‘ '
' 8 0.1 |
, (a) (b)
16:27:10 L .. . . 1 010 IIIlIlIl]lllIIIIIlIlIlllIlIIIIIIlIlI
80 80 100 120 140 6.05x10° 6.06x10" 6.07x10" 6.08x10°

Scattering Angle / Deg Seconds of Day

Fig. 9: a) Example time series of radiance measured by AisaEAGLE as a function of
scattering angles. b) Example time series of the radiance measured by the center
gpatial pixel of AisaEAGLE and the SMART-Albedometer.

The results derived by this method will be validaggainst retrieval results of
measurements performed with the Spectral Moduldookne Radiation measurement
sysTem (SMART-) Albedometer (Wendisch et al., 2001With the
SMART-Albedometer cloud microphysical propertiesctsuas optical thickness,
effective radius, and cloud particle phase candbeered. A first comparison of the
radiance (at 530 nm wavelength), collected by tiaBAGLE (center spatial pixel)
and the SMART-Albedometer during the VERDI projectgiven in Figure 9b. The
collected radiance given in this time series cafobad as well matched.

This new method will extend the information aboutnmphysical properties of
the observed two dimensional cloud field while BIIART-Albedometer measures
only in Nadir direction. It will allow further inw&igations concerning the effects of
cloud inhomogeneities.
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