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1. Introduction

Version 4.20CIPS Level 2 datéles consist ofmeasurements of cloyshrameter®n anorbit-

by-orbit basis These files are provided for quantitative analyses of the CIPS retrievals at high
spatial resolution. For those users interested mainly in averaged quantities, the CIPS team also
provides | evel 1 these dresfilesrtitheontainbonefPMC season each of erbit
by-orbit quantities binned in -degree latitude bins (separate binning for ascending and
descending node data). More information can be found in the level 3c documentation.

For detailsof the retrievalreaders areeferred tahe CIPIS algorithmpaperfLumpeet al, 2013],

which can be found ahttp://dx.doi.org/10.1016/j.jastp.2013.06.00lh this document we
describe the CIPS level 2 data products and provide guidance for dataTieerscientific

validity of the CIPS data has been established through its use in a variety of scientific and
validation analyseslhe CIPS cloud frequencies and albedo have been found to agree very well
with coincident measurements from the Solar Back Scatter Ultraviolet (SBUNstuments

[Benze et al, 2009; 2011], and areonsideredvalid for scientific analysiswith the caveats
described below Baumgartenet al [2012] have analyzed CIPS data obtained in close
coincidence with grountlased lidar measurements and found good agrgemethe cloud
brightness observed by these two very different methods. The detailed spatial structures observed
by CIPS have been used to study mesospheric gravity waves [Chahdta2009; 2010, 2012]

and planetary waves [Merket al 2009], whilethe CIPS ice water content has been used by
Stevenset al [2010] to analyze the effect of tidal signatures on PMC. CIPS cloud frequencies
were used in Karlssoet al [2011] to connect SH PMC variability with the breakdown of the
wintertime SH stratospheric polar vortex. The SH hsieasonal PMC variability observed by

CIPS was also used to investigate iftemispheric coupling in Karlssat al [2009]. Stevens

et al. [2012] used the CIPS observations of PMC frequency and albedo in July 2011 to help
demonstrate a causal link between the occurrence of very bright clouds and the main engine
exhaust from the space shuttlebs final flight

At the current time, three ralf data filesand three png image filese available for each orbit.
These data files are:

(1) Geolocation including variables such datitude, longitude, time, etc. The file name
extension is _cat.nc.

(2) Cloud properties, including albedo, partigigdius, and ice water content. The file
name extension is _cld.nc.

(3) Cloud phase functigrcontainingcloud albedo vs. scattering anglghe file name
extension is _pdfc.

(4) Orbit-strip imageof cloud albedoThe file name extensias _alb.pry.
(5) Omit-strip image of particle radius. The file name extension is _rad.png.
(6) Orbitstrip image of ice water content. The file name extension is _iwc.png.



Variables in files (1) through (3 are describeth tablesat the end of this documerithere are

~15 orbits per day. Each orbit contains 27 images in each camera (30 for the PX camera) and
covers about 8000 km along the orbid about900 km in the crossrack direction Cloud
properties and associated geolocation variables are provided witm?&sdution along the

orbit track resolution elements are 5 km x 5 km in the naahdbecome elongated away from

nadir (but remain 25 kfiin total area coverdd

Data arrays in the level 2 filasrovide cloud properties in eadb-km? resolution element
(hereafter r ef er r,evihatay dineessiors cdrrespoading t8 thainpmberefl 0 )
elements in the alongack and crosfrack directions. Each array element thus corresponds to a
unique location (latitude and longitude) that is observedta ten times with different
observation geometries, and thus scattering angled.(sepeet al. [2A3] for a description of

the viewing geometry and measurement appro&ear)convenience in data handlinbe arrays

span the entire bounding box defifgda CIPS orbitconsising of ~800,000elementsHowever

roughly half of these elementscorrespond to locations where no measurements are made and
therefore havéll values.

The compressedjeolocation cloud propertyand phase functionetcdffiles are~5, 1, and 25
MB in size respectivelyUncompressed file sizes are much larger due tsitreficantfraction

of fill (NaN) values in these files (see below)ost users of level 2 data witlot need the cloud
phase function file; it is provided mainfgr users who wish to rderive such parameters as
cloud particle radius using independent algorithms.

Documentation antDL software toolgo read the level 2 netcdf files are available for download
from the AIM web site Netcdfreaders for other software packages are available elsewhere (see
for instancehttp://www.unidata.ucar.edu/software/netcdf/software html

The CIPS level 2 retrievals are performmcker a solar zenith angle (SZA) range from 40 to 95
degrees on each orbit [Lumpeal, 2013].The range ocattering and view angi®bserved for
each locationchange along the orbit trackput always includes 90° scattering angle. For
uniformity and omparison to other data setbe cloud albedoreportedin files 2) and (4 is
thereforenormalized to 90° scattering angle and nfafij view angle The view angle correction

i s accomplished by removing the secadl geom

dependencen path lengtt wher e d, t he vi ew thesgtelliée,andizenitht h e
directions, as measured frome scattering volume)The scattering angle correction is
accomplished bpbtaining the best fit ahe observed phaserifction (albedo vs. scattering angle)

to a set of assumedscattering phase functienthat areconstrained by lidar dat#for a
comprehensive discussion see Lumepal.[2013]; also see Hervigt al [2009] and Baumgarten

et al [2010). Here we make thassumptions that the ice particles haneaxial ratio o2 and a
distribution width hat varies approximately as3@xradiusfor radii up to 40 nm and then stays
fixed at ~ 15.8 nm for larger particleBhe albedo at 90° scattering angle from that beg the

value to which the view angle correction is applied.

2. Orbit Strip Images
Users interested in a quick, qualitative view of the data for a particular orbit should download the
albedo image png file@ype (4) in the list above)These imagesmit all data wth SZA < 42°,

a


http://www.unidata.ucar.edu/software/netcdf/software.html

since the Rayleigh background subtraction is prone to higher errors attigées In defining

the color scaldor each imagethe plotting routine imposes a limit on the albedo of 2410 as

a lower threshold for plottingthus any clouds dimmer than this will not appear. The upper
plotting threshold is set so that 0.1% of the pixels are saturateds tinleshreshold is less than

10° sr™. In that case, the threshold is set to e sr*. Since color scales for these png files

are determined uniquely for each orbit, these images should not be used to compare cloud
brightness from one orbit to the next. For that purpose, users should download the netcdf files.
The particle radius and ice wex content imagek types (5) and (6) abovieare made using the
identical data screening used for the albedo images.

Figure 1 showgxamples obrbit strip albedo imagefor both thenorthern hemispheré) and
southern hemisgre GH). (Note that the sample data shown in this document is from the V4.20
revision 04 data; however the latest revision 05 release looks identibeaBe measurements
were made on 3 July 2010 and 3 January 2010, respectively, anepegsentativenf CIPS
observations in the middle die PMC seasoratitude lines are drawn in tedegree increments

from 80° to the lowest latitude observed. Note that images in the NH curve downward, whereas
images in the SH curve upwardach orbit strip nominally consists of overlapping
measurements from 27 differenicdmera scene3he scendo-scene transitions are essentially
seamless in the VA0-processediata, a substantial improvement over past versions of the CIPS
dataresulting from the improved backgralisubtraction algorithm in v4.2@®s can be seen

from these two examples, the CIPS images contain a wealth of information on the cloud
structures, which can be analyzed quantitatively using the level 2 netcdf files.

AIM Orbit 17566
3-Jul-2010 11:41

AM Orbit 14671
3-Jon-2010 19:03

Figure 1. Image of CIPS albedo for orbit 17366 on 3 July 2010 in the NH (top) and for orbit 146
3 January 2010 in the SH (ban). These are representative of raghson images. The red rectang
highlight edge artifacts caused primarily by retrieval errors when there are fewer thaj
measurements in the scattering phase function. The shaoff cut the right edge of thdauds in the
top panel, highlighted by the white rectangle, is caused by the fact that the plots only i
measurements at SZA > 42 degrees.




The remainder of this section describgsmeanomaliesof which users should be awarethe
albedopng file imagesMany of these are simply results of thleservinggeometry, but others
are caused byetrieval artifacts If imagesare found toexhibit suspicious behaviahat is not
describedhere we would very much appreciate being inform@gdease send an email to
aimsds@lasp.colorado.edu

2.1.EdgeArtifacts

The retrieval algorithm relies on multiple observations of the same location, with different
scattering angles. Throughout most of the orb#ich location is observed at 6 or mdiierent
scattering angles, allowing for a robust measurement of the scattering phase function. At the
crosstrack edges of the orbit, however, fewer measurements ade rafa singlelocation. This

often leads to errors in the retrievals, resulting in the "railroad track" or "film sprocket" pattern
that is highlighted by the red rectangles in Figur®d.occasion, these edge artifacts take on a
different appearance, asown inFigure 2(indicated by the red ovaglsWe are still working to
diagnosecauses for thdifferent characteristics of these artifacts.

AM Orbit 14707 A ce
6-Jon-2010 04:59 NASA, LASP

Figure 2. CIPS cloud albedo for orbit 14707 in the SH on 6 January 2010. Blgits inside the reg

ovals indicate edge artifacts that have a somewhat different appearance than the artifacts in
and are not completely understood.

In the v4.20netcdf data filesthe level 2 quality flag indicates the number of scattering angles in

the phasdunction. A quality flag of 0 means six or more measurements; 1 means four or five
measurements, and 2 means three or fewer measurements. Because of artifacts such as shown
here, caution is particularly warranted when the quality flag &rite the partie radius and ice

water content (which is derived from the radius) mreparticular adversely affected by an
underdetermined phase functidghese quantities are not retrieved faxels with quality flag 2
anddefault values-999) are entereth thelevel 2 netcdf files

2.2.Solar Zenith Angle Screening

The level 2 png files apply a screening for SZA: Measurementsngrénacluded for 42° < SZA
Figure 1 shows the effect of not including any data in the images for SEX.Jhis results in
the hard cutoffon the righthand side othe NH image(descending node data)lthough this
feature is not obvious in the SH image in Figure 1, it does occur in the SH (but on-trenteft
side (ascending nodepf the images). Notéhat the netcdf files include all dataethare not
screened for SZAThe SZAvalues arencluded in the netcdf filedhhowever, andve recommend
cauton if the SZA is less than 42ZThe reasons for this are described in section Il.

2.3.Rolled Images


mailto:aimsds@lasp.colorado.edu

AIM-Orbit 14061 AIM PMC Presence
23-Nov-2009 21:25 NASA/HU/NT/CU. LASP

Figure 3. CIPS cloud albedo for orbit 14061, on 23 November 2009, in the SH. The req
highlights the deliberate change in orientation that occurs when the satellite rolls in order to pl
SOFIE line of sight into the CIPS field of view. The reported clagion abruptly stops, in a zizag
pattern, because all view angles at the edge of the rolled region are >60°.

Starting in theSH 20072008 seasoand continuing through the SH 20@910 seasorthe AIM
satellite rolled to one side during images takearrthe common volume90° SZA) in order to

place the SOFIE line of sight within the CIPS field of view. The amount of roll depends on the
satellite beta angle, which changes with time. This can leadusuahgeometries of the cameras,
an exampleof which is given in Figure 3The change in therientation of the orbit strips
indicated by theedoval in this figure showing that the roll causes the field of view to become
somewhat elongated at the camera edgks data corresponding to large roligles can have

very high satellite view angles. Because these measurements are known to have higher than
normal systematic errors in the background Rayleigh subtrathierCIPS retrievals require at
least one measurement in the scattering phase functibavie a view angle of less than 60°
This criterion is often not satisfied in parts of the rolled region, wéxgains the lack of clouds

at the edge of the rolled area. It algwes rise to the sharpig-zag edgesin the clouds
highlighted by the redval i this zigzag pattern denotes the boundary beyond which view
angles arall larger than 6°.

2.4.Striping Near Elge ofOrbit Strips
On occasion, clouds will exhibit a type of "striping" pattern (see Figure 4), which looks

AIM Orbit 6085 AIM PMC P
6-Jun=2008 23:57 NASA/HU/VT/C

Figure 4. CIPS cloud albedo for orbit 6085, on 6 June 2008, m
the NH. The area in the white square (top) 1s blown up to
highlight the anomalous striping that 1s seen at left. This 1s most
likely related to the SZA binning procedure that 1s used in the
retrievals, but is still being investigated.




somewhat like signalthat might be expected from the presence of gravity waves. However,
these patterns always occur near the edge of the orbit strip, are oriented in theackoss
direction, and have a much more regular appearance than expected from a real geophysical
phenanenon. We are still investigating the cause of these patterns. It is likely that the stripes are
artifacts that arise from some combination of sampling (e.g., fewer points in the phase function
near the edges of the orbit strips), and the fact that theveds use a 0.25° SZA grid.

2.5.Blank stripe near 90° SZA

Figure 5 shows an example of an artifact that on rare occasions appears near3®A\heglye

of the orbit strips. This artifact manifests itself as an area of apparently missing cloutiheéata.
problem is that the retrieved ozone column, which is neededl¢alate the Ragigh scattering
background, goes negativiausthe Rayleigh background becomes undefjnglich means no

clouds are detected. It appears as a stripe because it only occurs for one or a few SZA bins. The
root cause of this still under investigatioand will be fixed in version.5

§

A e
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Figure 5. CIPS cloud albedo for orbit 6834, on 27 July 2008, in the NH. The red oval highligh
artifact that seems to indicate missing cloud data. This is still under investigation.

AIM Orbit 6854

2.6.Missing Data

Figure 6 gives amxample of what an orbit strip looks like when data is missing from one or
more cameras. This happens only rarely, and the cause is still under invest@atmetasion,

data is missing from all cameras for part of an orbit. In this case, an orbis gitiited, but only

over the spatial region for which data is obtained. An example of this is orbit 25012, on 27 Nov
2011 (not shown)

AIM: Orbit 7099
14+Aug~-2008 00:10

Figure 6. CIPS cloud albedo for orbit 7099, on 14 August 2008, in the NH. The red square ing
that data is missing in one or more of the cameras.

2.7. High Geomagnetic Activity

Figure 7shows a possible artifact from the solar proton event that began on 23 January 2012.
Under conditions of high geomagnetic activity, transitions in theamdl NO molecules can be
excited by energetic particles (protons and/or electrorag these molecuefall back to their
ground state, they emit radiation in the CIPS wavelength band near 265 nm. Thus it is possible
for CIPS to mistakenly identify these emissions as cloud scattévioge analysis is required
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Figure 7. CIPS cloud albedo for orbi
25856 on 23 Jan 2012. The area circleq
a possible artifact from emission ling
excited by eneetic particle activity
during the 23 Jan solar proton event.

before we can definitively state that thiiscurring,
but we urge caution when interpreting images during
or shortly after times of high geomagnetic activity.

3. Guidance for NetCDF files

The NetCDF filedisted in section Enable users to
guantitatively analyze the data plotted in the orbit
strip images. Here we provide guidance for using file
types (1) and (2), emphasizing data limitations of
which users should be aware. Users interested in the
phase function files are encouraged to contact us

directly @msds@lasp.colorado.eder guidance with these files.

Many of the ptential artifact were mentioned in section Il, but will be described in this section

as well. In addition, in this section we point out other features in the data that we believe do not
yet warrant scientific analysiSome general guidelines are summettizn at the end of this
document. Because there will be exceptions to these guidelines, we encourage users to contact us
(aimsds@lasp.colorado.gdwith any questions or concerns.

3.1.Quality Flags

The v4.20 quality flag§QF) arevery rudimentary at this point. In the future, they will contain
information about estimated errors. At the current time, however, they are based only on the

number of measurements in the

scattering phase function &
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geometry caused by the spacecraft roll to align CIP& thie SOFIE measurement locations
(e.g., orbits 6304 and 11749); this wasntionedabove in thedescription of Figure .3Finally,
the shaded area on the ascending node in each of the orbits iesRiyand Torresponds to
measurements with 78SZA<85°, the significance of which is discusseelow.

3.2.Solar Zenith Angl&creening

As noted above, we recommend caution if the solar zenith aBg) (is less than 42(gray

points in Figures 8 and)9This restriction is related to our ability to adequately define the
scattering phase function. Ideally, the measurements of a single location would siglade
moreobservation§QF=0), covering a wide range of scattering anglée. geometry of the CIPS
observations dictatesowever,that the range of scattering angles sampled at any given SZA
decreases ih decreasing SZA (sekigure 10. At high SZA, CIPS samples more forward
scattering (scattering angles less than 90°). For typical PMC particle sizes, forward scattering is
stronger than backward scattering, so signals are largest at small scattering angles, all other
things being equal. This, combined with the fact that backgt Rayleigh scattering decreases

at high SZA,enhancs the discrimination between cloud and background contributions in the
measured scatterimphase functionand hence increasthe detection sensitivitat high SZAs.

Figure 11 shows the estimatedCIPS cloud

1001 : s
detection sensitivity vs. cloud albedo and SZA

£ 80 from Lumpeet al [2013] Note that this is only
g sol || an example for one particular orbit, but it serves
< to illustrate the issuaVe define astandard CIPS
S 40r - | albedo unit as 1 "G" 20° sr’. The figure carbe
3 20 interpreted to mean that, e.g., the dimmest (2G)
° 3 clouds are detected only ~30% of the tiat¢he
OL : 2 J | lowest SZA,whereasthe detection rate rises to
40 50 60 70 80 90 100

60% by 70 degrees SZA and is essentially 100%
at the terminator (90 degrees). The detection
sensitivity ingceases rapidly wit cloud
brightness, so that 5@nd brighter clouds are

Solar Zenith Angle
Figure 11. CIPS cloud detection sensitivit
derived from simulated retrievals. The fi\
curves correspond to different cloud albe

values, as denoted by the legenddtandard

albedo units of 10sr ). The cloud detectior
rate (in %) is defined as the fraction of clou
of that brightness detected at a given sd

detected with greater thar0% accuracy at all
SZA. Further work is underway to improve our
retrievals at lower SZAs The CIPS team
recommends using an albedo threshold -@GL

as aneffective way to screen out false detections
in CIPS level 2 data.

zenith angle. From Lumpet al.[2013].

As discussed more beloand in Lumpeet al, [2013], the CIPS retrievals show an increase in
false detections at SZAs near 8@hich is thought to be related to artifacts in the Rayleigh
background removalUsers shouldhereforebe cautious when investigating dim clouds for
locations corresponding to SZA near 80°.



Figure 12. CIPS ascending node PMC frequencies (top), albedo (row 2), radius (row 3
IWC (bottom) for the NH 2010 season. The columns show the results for measureme

include only those clouds brighter than 1X1€ (left), 2x10° sr (middle) and 5xQ° sr-
(right). The plots were made with level 3c data files, which only include measurement
42° < SZA < 94° and QF = 0 or 1.

3.4.Albedo Threshold

The accuracy with which a cloud is detected, and with wttietpropertiesof albedo, particle

size, and ice water content (IW@je determined, naturally depends on the cloud aJb®doe

this dictates theamount of light scattered to the detectéigure 12compare<loud parameters

that are obtained for the NH 2010 season wéegraging over only those measurements for
which the albedo is larger than 156" (left), 2x10° sr* (middle), or 5x10° sr* (right). Note

that with our definition of theunit "G", these thresholds are equivalent to 1G, 2G, andT$@
advantage otising lower thresholds is that more (total) clouds are detected. The advantage of
using higher thresholds is that fewer false detections are incliiledplots in Figre 12were

made with the level 3c "summary" files, for which the data were binned idegree latitude
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