Fifteenth ARM Science Team Meeting Proceedings, Daytona Beach, Florida, March 14-18, 2005

Remote Sensing and In-Situ Observations of
Arctic Mixed-Phase and Cirrus Clouds Acquired
During Mixed-Phase Arctic Cloud Experiment:
Atmospheric Radiation Measurement Uninhabited
Aerospace Vehicle Participation

G.M. McFarquhar, M. Freer, and J. Um
University of Illinois
Urbana, IL

R. McCoy and W. Bolton
Sandia National Laboratories
Livermore, CA

Introduction

The Atmospheric Radiation Monitor (ARM) uninhabited aerospace vehicle (UAV) program aims to
develop measurement techniques and instruments suitable for a new class of high altitude, long
endurance UAVs while supporting the climate community with valuable data sets. Using the Scaled
Composites Proteus aircraft, ARM UAYV participated in Mixed-Phase Arctic Cloud Experiment
(M-PACE), obtaining unique data to help understand the interaction of clouds with solar and infrared
radiation.

Many measurements obtained using the Proteus were coincident with in-situ observations made by the
UND Citation. Data from M-PACE are needed to understand interactions between clouds, the
atmosphere and ocean in the Arctic, critical interactions given large-scale models suggest enhanced
warming compared to lower latitudes is occurring.

Flights

During M-PACE, the Proteus made 3 flights over mixed-phase clouds probing cloud structure with its
lidar and measuring radiative fluxes with its suite of radiometers, and 2 flights over and through cirrus
where both remote and in-situ observations were collected. The instruments are described in other
posters presented by ARM UAV.
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Table 1. Needs Caption
FLIGHT CLOUD
DATE TARGET LOCATION DURATION | ALTITUDES | ALTITUDE
Oct. 8,2004 | Multi-layer stratus Barrow/Oliktok Point 5.5 hours ~13 km Low
Oct. 9,2004 | Boundary layer Barrow/Oliktok Point 5.7 hours ~12.5 km Low
stratus
Oct. 12,2004 | Boundary layer Barrow/Oliktok Point 5.25 hours ~12.5km ~1km
Stratus
Oct. 17,2004 | Cirrus Barrow 6.0 hours 7.5t012.5km | 5t010.5 km
Oct. 18, 2004 | Cirrus Oliktok Point 4.4 hours 7.5t0 13 km 4.5 to 8 km

Cirrus Observations — Remote Sensing

On October 18, 2004 the Proteus executed a series of racetrack profiles over Oliktok Point sampling
cirrus between 8 and 4.5 km. Figure 1 shows the flight track together with cloud boundaries detected
from the Cloud Detection Lidar. The cirrus was optically thin as the lidar penetrated cloud seeing the
surface with few low-level clouds noted. After sampling the cirrus remotely, the Proteus descended into

cloud measuring properties in-situ.
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Figure 1. Uncalibrated lidar return as function of time for Oct. 18, 2004 flight above and through
cirrus. Blue line designates the flight level of the Proteus.

Wang and Sassen’s (2001) cloud detection algorithm was used to objectively determine the tops and
bottoms of up to 10 cloud layers. For each layer, this algorithm provides top and bottom altitude, ratio
of peak to base power, and tells whether the bottom is a true cloud base or virga layer base.
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To provide users control over thresholds used to determine cloud boundaries, a graphical user interface
(GUI) was developed in Matlab. This GUI (Figure 2) also allows users to control the time period over
which data are plotted, whether tops and bottoms are overlaid on the lidar signal, and whether ASCII
output files are generated. Output shown in Figures 3 and 4.
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Figure 2. Example of GUI that runs in Matlab for identifying cloud boundaries.
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Figure 3. Cloud boundaries determined by applying Wang and Sassen detection
algorithm to lidar signal displayed in Figure 1.
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Figure 4. Histograms of normalized frequency of occurrence of cloud heights for October 18.
Points with pitch angles > 5° excluded from analysis.

Cirrus Observations - In-situ Measurements

The Proteus has a cloud integrating nephelometer (CIN) that allows calculation of asymmetry parameter
(g) and extinction coefficient (3¢) at I=0.635 mm light scattering observations obtained by 4 photo-
multiplier modules. Using a running mean of 8 s to improve signal to noise, Figure 5 shows be as when
the Proteus descended into cirrus.
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Figure 5. B, from CIN as function of time for cirrus penetration; analysis suggested 8 s
running mean optimum for data quality.
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A GUI (Figure 6), developed to aid processing of CIN data, allows the user to control the plotting
domain and averaging times for B, and g.
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Figure 6. Example of GUI interface used in plotting CIN data.

Bulk cloud properties are also measured by the Nevzorov probe, a constant temperature hotwire probe
with separate sensors for total water content (TWC) and liquid water content (LWC). Using a clear sky
point just before descent into cloud and using a correction for altitude-dependent baseline drift allows
estimates of TWC (Figure 7). Comparison with particle distributions from the CAPS should allow us to

test consistency between CIN, Nevzorov and CAPS.
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Figure 7. Nevzorov data from Oct. 18, 2004. LWC should be zero since measurements made
in ice. Drift of baseline must be subtracted to estimate TWC.
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Stratus Observations

On October 8, 9 and 12, 2004, the Proteus flew racetracks over Barrow and Oliktok Point, sampling
boundary layer stratus with maximum heights of ~ 1 km. Figure 8 shows the profiles of uncorrected
lidar return, showing the presence of low level stratus near the ground and few high clouds. Figure 9
shows the normalized frequency of occurrence of different cloud layers as determined by Wang and
Sassen’s (2001) detection algorithm.
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Figure 8. Uncalibrated lidar return as function of time for October 12, 2004 flight.
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Figure 9. Histograms of normalized frequency of occurrence of cloud heights for
October 12. Only leg between Barrow and Oliktok Point where pitch angle <5° included.
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In addition to the lidar, an infrared thermometer was available for retrieving cloud top temperature.
Figure 10 shows the cloud top temperature measured by the infrared thermometer (IRT) on the
October 8 flight over low-level stratus, and Figure 11 shows the spectrum of the IRT signal constructed
in an attempt to determine if there are any characteristic frequencies in the IRT signal.

£

i

K
=

IRT Temperalwre (Kelvins)
4

¥

-
""l".tl"ﬂ 000 3030 08 S50 D0ARS0 JOCEIN) RS0 JOCEND J000FN) 0SS SO0

Time

Figure 10. Cloud top temperature measured by IRT on October 8 above multi-layer stratus.
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Figure 11. Spectrum of IRT signal in Figure 10 obtained using fast Fourier
transform (FFT). Some preferred frequencies seen in signal.
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Diffuse Field Camera Data

Remote measurements of scattering phase function by satellite (Baran et al. 2001) or aircraft flying in
banked orbits (Francis et al. 1999) allows estimates of the dominant phase or particle habit. Using data
from the 2002 ARM UAV flight series at the Southern Great Plains (SGP), we are exploring an alternate
method for deriving scattering phase functions with the DFC.

The Diffuse Field Camera (DFC) consists of a pair of nadir-mounted digital camera with a HFOV lenses
at 0.62-0.67 and 1.58-1.64 mm. They are most suitable for retrieving phase function when there is a
horizontally uniform cloud layer with uniform surface characteristics below. Figure 12 shows examples
of data obtained using the DFC for a flight over cirrus on November 23, 2002. These data can be used
to retrieve information about the scattering phase function following the geometry outlined in Figure 13.
Figure 14 shows the estimated phase function for this particular case. This is not an ideal case for
calculating the phase function because the cirrus shown in Figure 12 is not horizontally uniform.
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Figure 12. Example of DFC data from November 23, 2002. The figure on left shows image,
whereas right-hand side gives radiance as function of azimuth relative to sun and angle from
nadir.
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Figure 13. Schematic for calculating scattering angle from sun angle and viewing angle.

Figure 14. Example of phase function from Figure 11 image. Situation not ideal for

retrieving phase function since surface reflectance seen through thin cirrus layer, which is not
uniform.




Fifteenth ARM Science Team Meeting Proceedings, Daytona Beach, Florida, March 14-18, 2005

Acknowledgments

This research was supported by the DOE ARM UAYV program, Rick Petty program manager, and by
DOE ARM under contract DE-FG03-00ER62913, Wanda Ferrell program manager. Data were obtained
from the ARM archive sponsored by the U.S. Department of Energy, Office of Science, Office of
Biological and Environmental Research, Environmental Sciences Division.

References

Baran, AJ, PN Francis, LC-Labonnote, M Doutriaux-Boucher. 2001. “A scattering phase function for
ice cloud: Tests of applicability using aircraft and satellite multi-angle multi-wavelength radiance
measurements of cirrus.” Quarterly Journal of the Royal Meteorological Society 127:2395-2416.

Francis, PN, JS Foot, and AJ Baran. 1999. “Aircraft measurements of the solar and infrared radiative
properties of cirrus and their dependence on ice crystal shape.” Journal of Geophysical Research
104:31685-31695.

Wang, Z, and K Sassen. 2001. “Cloud type and macrophysical property retrieval using multiple remote
sensors.” Journal of Applied Meteorology 41:218-229.

10




	Remote Sensing and In-Situ Observations of Arctic Mixed�Phas
	Introduction
	Flights
	Cirrus Observations – Remote Sensing
	Cirrus Observations – In-situ Measurements
	Stratus Observations
	Diffuse Field Camera Data
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


