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AbStract: A setof simuluted and observed nadis-orienied high-resolution infrared (IR} emission
spectra of synthesic cirmus clouds is analyed o assess the spectrally dependent variahility of radiance
from the adjustment of some microphysical amd bulk cirrus cloud propertics A Principal Compeonens
Analysis (PCA) is applied w the simulated specira 10 diagnose the cloud parameters thal contribute
mast t variations in wp-of atnesphere (TOA) radiance. The properties investigared include particle
shape, effective rubius (r,y). uptical depth (7). cloud height and thickness, vertical temperature (T(z))
and water vapor mixing atio ¢w) profiles. 10 is shown that  or [WP) variations in simulated cloud
cover contribute most 10 TOA radiance variations. Funther, it can he shown thas variability of t and
WP is nieatty Sdevtical 1o first onder. Cloud hicight and thickness, as well as variable T(z) can produce
same TOA rudiance variability. The shape of empirical orthoganal functions (EOFs) in the radiance
spectra shows similaritics and differonces from one physical quantity 1o anather. When several
parameters are comhined together it is sometimex possible o identify individual EOFs that represens
the variability of particular physical quantities. 1F small panicle r,y . and w vafintions occur
simuMtancously. the resultant EOFs sesemble spectral signatures of EOFs generawed from individually
varying r T, and w, with some disiontion in the shape of w. Comparisans of simulated EOFs are
made 10 FOFs of Aunospheric Infrared Sounder radiance spectra (Aumann and Pagano 1994). Ficlds
of principal components (PCs) obtained by projecting the EOFs anio AIRS radiance spocisa are
comparcd with model forecast fields.
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Figure 2. (a) Leading BOF for a varishle
atmnsphere: both T(z) and w(z) are varicd,
with all other gas profiles fixed. Shown are
the EOFs for three IWP valuee: 40, (0,
and 10, Both (b) and (c) are as {a), except
for second and third FOFs.  Particle size is
held at 353 pm: the cloud s localed
between 6-9 km: and cylindrical ice
particles with an nspest ratio of 1.0 is used.
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Figure 1. (a) Leading FOF for the variavion of
EWP, w, and r, nultancously using an NCEP
AVN nwdel atmasphere of T and w and single-
scattering parameters as given in Kahn et al
{2003). Both (h) and {c) are as (a), except for
he ond and  third  EOI fespectively.
Explained variance in parentheses. The AVN w
prafile is scaled by factors of 0.4, 0.6, 0X, 1.2,
1.4, and 1.6, Increments of IWP include: 105,
SX10%, 10, SxI0-, 1S3, and L0 gm
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Flgure 4. () Leading FOF for variation of
cloud height. The choud thickness is fixed 1o 3
ke, andt the base (1op) is varied from 6-11 (9-1d}
k. {h) Same as (3) except for second FOF.
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Mecthodology: A set of TOA radiance simulations for cirrus clouds has been produced by the
Code for Iligh-resolution Accelermed Radiative Trunsfer with Scaviering (CHARTS). an adding-
doubling plane-paraliel monsehramatie rudintive sansfer wodel with wuliple scatiering {Moncet and
Clough 1997). coupled with the Line-By-Line Rudiative Transfer Model (LBLRTM). The synthetic
cirrus cloud evtinction and asymmetry parameier specua are generated by the T-mawix method
(Mishchenka ct al. 199K). wherc we bave used randomly orienied cylinders and spheroids st an
assoriment of aspect fatios  The si utilize xix that span typica]
senwomal and lattudinal ranges of temperature and 1,0 vapor. We have adjusted microphysical and
butk properties such as: panicle shape. effective radius (r,). cirrus thickness (A7,,) and height (z,,),
aptical depth (1), and veriical profiles of tempermwre (T(2)) an H,O vapor mixing ratia (w). All
simulations are convolved to 1 eny! spactral resulution

Brincipal Componcnt Analysis (PFCA) is used here ta investigate the spectial variability of radiance, as
well as atiribute variahitity (6 observedt tudfiances tw paniculas phy<ienl paramesers by comparing
observations with simulations.  Simply put, PCA decomposcs the variability in a subspace of daia
(simulated or vhserved) into a scrics of basis vectors orthogonal w cach other in descending order of
impontance hased o the amouni of cxplained vasiance in the datn by cach basis vector. A singulur
value decompostiion (SVD) is applicd v » covariance mairix of the simulated or ohserved radiances
perturbed from a mean. which yields ci d The ci are also known as
empirical orthogonal functions (FOFs), and cach cigenvalue is associated with a particular EOF. The
eigenvalue gives information on the relative amunt of variance explained by the EOF when compared
to the orhers

In order 10 make sense of several EOFs, any given FOF must be anribuled o a physical parameter or a
\wique combinavion of parameiers. PCA on simulations is performed 10 understand the sort of
variahility that might be expecied with certain physical parameters. PCA can he applied 10 radiances
with only one paramerer “tuncd”, or multiple pammetcrs simulinncously. The “wning” of single
parameters produses FOFs identifiable 10 that parameter, while applying the same metbod (o multiple
parameters is more realistic, because observed radiance spectra are the product of the effects of multiple
parameter variations (hat eccur simuliancously. In order (o seo the relative impariance of each EQF an
a given syhetic or observed spectrum, we ealculute horizontal principal component (PC) fickls: a PC
is a coeMicient that weights the imporiance of & particular FOF in reproducing an original siulated or
ubserved radiance spectrumt. Maps ot PCs are produced for panicular EOFs and are refated to model
fields of T, and w(z), in addition 1 brightness temporature (RT). Thus, comparisans hetween
simulated und ohserved FOFs provide a way to determine if a given EOF (or combination of EOFs) is
due w the variability of  panicular physical parameicr (or seversl),  Comparisans of horizonial PC
ficlds with i ions or model provides a further check on the linkage
between FOFs, PC fickl, e the physical fiekds that cause such varigbility.

Results: Figures 14 present EQFs for the adjustment of several parameters including WP 1.,
choud height, T62), and wis). Other experiments including aspect ratio, snd cloud depih vatiations with
a fixed base or height are not shown here duc o space constrainis. Figure | shows the thre leading
EOFs for simultancous variations in t,. TWP, and . The two leading EOFs are a comhination of TWP
and 14 variations. For IWP alonc (not shewn), the shape of the two leading FOFs resembles very
closcly the two leadking FOFs in Figure 1. However, the effect of punicle size i to add some survatun:
10 the 770- 1000 e window, as long 3 IWP is not very large. Thux, it sppears that 1, ¢ffects can be
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Figure 5. Four leadiog FOFs for the orographic cireus scene. {A) Leading FOF for the emiire
arographic ions (1. 2, 3, snd 4) depicted in Figure 6.
Explaincd variance of the leading EOF in pareniheses. (B) (D): same as (A) cxcept for the second.
thied, and fourth EOFs. (F) Mean specirs for the cntire cloud and sub-regions described in (A). (F) As
in (E) except for variance.

Figure 6. PC maps for the first four Jeading FOFs for the entire orographic cimus scene (A)(D)
(F) snd (F) arc BT at 99K e and ABT for 9% K11 e, respectively . (G) is the cofumn w and
(H) is T, both are taken from NCEP AVN model initiatized Gelds at 182 on October 24, 202
PC ficlds for sub-scencs 1-4 not shawn

seen in the presence of TWP changes a5 lng as r,q is smaller than 1 of microns, and IWP is
within some nominal low to moderate range.

Figure $ shows the first four EOFs for an orographic cirmus scenc in the dee of the Suuth American
Andes. The PCs and subsections ure shown in Figure 6. EOFs for four subscctions, in addition 1o
EOFs for the full scene, are showa wlong with the miean spevtsa wnd vaziunce. The firs three
EOFs resemble very closely those found in Figure 1. The explained varisnce of EOF1 in Figure §
nustches hest with “[WP1™, “IWP2”, and "IWP3" in Figure I: this is an indication that IWP values
never get quite as lrge as the “IWP” case in Figure [ [ should be emphasized that the
atmosphere used 1 mixlel Figure | was taken from the NCEP AVN model a1 the time of the
cloud event at 24°S 64"W, with cloud height fixed o £2-13 km,

The four PC fiekds ussociuted with the four EOFs shwwn in Figure § are found in Figure 6 (a)-td):
these fields are for the entire scene, not for the sub scones. The boundaries of the sub scenes are
denoted by the gray borders. Figure 6¢, BT at 998 cm ™, compares very well to PCL PC2 is not
iniended 1 correspond directly with ABT: PCs | and 2 4re # combined effect of IWP und particle
siee. Hawever, PC3 shows s decent mateh (0 the AVN cnhumn w fickd despite the following: (1)
the ohscuration of the lower level w due o cloud. (2) inaccuracies in the AVN medel
zation, and (3} that EOF3 could have contributions from other fickds mher tan wiz). Itis
also interesting (o note that PCA matches somewhat well with T,q, from the AVN madel.

Summary:

« EOFs of simutated and observed high-resolution IR data are compared to match
observed EOFs to cloud and aimospheric physical parame

* IWP/r variability explains the dominant one or two EOF

« 1 variahility distorts shape and changes cxplaincd variance of EOF1 and 2: clues
to 1y variability if r, < a few s of microns.

* Additional EOFs capture some atmospheric variability, such as w(z) and 'T(z).

+ Some PC fields comparc well with independent model data and physical fields
inferred from simulated EOFs,

* This case has small 1,4, low 1o moderate IWP, and large horizontal gradients in w
and T,,,: thus, most other scenes with loss variability other than IWP will be
expected 1o be dominated even more so by a primary EOF caused by IWP.
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