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Dear Dave

This letter describes progress during FYOl under our

NASA/ ECS

proposal entitled " "In-situ and Renote Sensi ng Measurenents
in Support of the ECS/MODI S Retrieval Al gorithmValidation
Program ', NASA/ ECS contract nunber S-97894-F. This
material is fromthe NCAR effort

(Heynsfi el d/ M| oshevi ch/ McFar quhar) effort.

For your reference, our web site is |ocated at:

htt p://box. nmm ucar. edu/ sci ence/cirrus

The web site includes detailed particle size distribution
and habit data fromthe FIRE-I1 and ARMfield programs. W
devel oped this m crophysical data base for the MOD S Renote
Sensing of Cirrus Couds Wrking Goup (see

http://arnl. ssec. w sc. edu/ ~shai na/ cirrus\ _group. htm).

We have worked closely to Bryan Baum Shaima Nasiri and

Pi ng

Yang on this project.

Duri ng March 2000, our EGCS funding allowed us to instal
and operate a Coud Particle Imager (CPl) probe on the

Uni versity of North Dakota G tation aircraft. The Ctation
participated in the ARM 2000 I1OP. During this period, the
Citation penetrated four interesting cirrus cloud |ayers.
The data set we collected, coupled with the data fromthe
2D i magi ng probes and the NCAR/ OSU Counterfl ow Virtua

| npactor, has fornmed the basis for our work during FY2001.

Duri ng FY2001, we were involved in preparing three journa
articles that are now either in press or in the review
process. Each of these papers nade extensive use of the ARM
2000 data set. In paper 1 (details below) a new nethod for
calculating ice particle nass and ice water content from



in-situ probe data was devel oped. The techni que was
val i dated usi ng ARM 2000 neasurenents of the ice water
content. New relationshi ps were devel oped to calculate ice
particle nmass, termnal velocity and indirectly the cloud
effective radius. Paper 2 (see bel ow) devel oped

rel ati onshi ps for specifying the vertical distribution of
ice particle cross-sectional areas. The ice particle area
I's fundanmental to the study of cloud radiative properties.
Paper 3 (see below) exam nes the use of in-situ cirrus data
coll ected during three field canpaigns to devel op nore
conplex mdlatitude cirrus mcrophysical nodels. The

m cr ophysi cal nodels are used to devel op new scattering
nodel s for a suite of MODI' S bands spanni ng visible, near-
infrared, and infrared wavel engths. W believe that these
three papers will provide useful paraneterizations for the
retrieval of ice cloud properties from MODI S and ot her
renote sensing platforns and for the radiative transfer and
cl oud physics conmunities.

The title, the status of the paper an abbrevi ated abstract
for each of the papers, is given bel ow.

Paper 1: A General Approach for Deriving the Properties of
Cirrus and Stratiformlce Coud Particles

Aut hors: Andrew J. Heynsfield, Sharon Lew s, Aaron
Bansener, Jean laquinta, Larry M Ml oshevich, Msahiro
Kaj i kawa

Cynt hia Twohy, and M chael R Poell ot

Paper Status: Galley Proofs received, paper to be published
in the Journal of the Atnobspheric Sciences

ABSTRACT

We descri be a new approach for calculating the mass (m and
termnal velocity (V,) of ice particles from airborne and
bal | oon-borne i nagi ng probe data as well as its

applications for renote sensing and nodel i ng studi es.

Unl i ke past studies that derived these paraneters fromthe
maxi mum ( proj ected) dinension (D) and habit al one, our

" two- paraneter approach'' uses D and the particle's

proj ected cross-sectional area (A). Expressions were

devel oped that relate the area ratio (A; the projected area



of an ice particle nornmalized by the area of a circle with
di aneter D), to its effective density (r.,) and to V..

Habi t - dependent, power-1law rel ati onshi ps between r, and A
wer e devel oped using anal ytic representations of the
geonetry of various types of planar and spatial ice
crystals. Relationships were also derived from new or
reanal yzed data for single ice particles and aggregates
observed in clouds and at the ground. The mass

rel ati onshi ps were eval uated by conparing cal cul ations to
di rect neasurenents of ice water content (IWC). The

cal cul ations were fromParticle Measuring Systens (PM5S) 2D
C and 2D-P probes of particle size distributions in ice
cloud layers on three days during an At nospheric Radi ation
Measurenment (ARM field canpaign in Cklahoma; the direct
measurenents were froma counterflow virtual inpactor (CVl)
observations in ice cloud |ayers during the field canpaign.
Agreenment was generally to within 20\ % whereas using

previ ous nass-di nension rel ati onshi p approaches usually
produced | arger differences. Conparison of ground-based
measurenents of radar reflectivity wwth cal culations from
co-| ocated ball oon-borne ice crystal neasurenents al so
showed that the new nmethod accurately captured the vertica
reflectivity structure. Inprovenents in the accuracy of the
estimates fromthe earlier mass-di nension relationships
wer e achi eved by converting themto the new form A new,
nore accurate mass-di nension relationship for spatial,
cirrus-type crystals was deduced fromthe conpari son.

The rel ati onship between V, and A was derived froma
conbi nati on of theory and observati ons. A new expression
accounting for the drag coefficients of |arge aggregates
was devel oped from observati onal data. Explicit

relati onships for calculating V, as a function of D for
aggregates with a variety of conponent crystals were
devel oped.

Paper 2: An expl anation and paraneterizations for the
physi cal properties of cirrus and stratiformice cloud
particles. Part |I: Cross-Sectional Area and Extinction

Aut hors: Andrew J. Heynsfield and Larry M M| oshevich

Paper Status: Submitted to the Journal of the Atnospheric
Sci ences, August 2001.



ABSTRACT

This study presents observational data that are used to
relate the cross-sectional area of an ice particle to its
maxi mum di aneter (D), for a nunmber of individual particle
habits and for natural m xed-habit popul ations of ice
particles in md-latitude, continental, synoptically-
generated cirrus clouds. The cross-sectional area is
expressed in terns of the shape-sensitive paraneter " area
ratio'" (A, the ratio of a particle's projected cross-
sectional area to the area of a circle having the
particle's maxi nrumdi aneter). The A(D) rel ationships for
particles of a specific habit were derived from severa

di verse datasets, including high-resolution Coud Particle
| mger (CPlI) and ball oon-borne replicator in-situ data in
the tenperature range -25 to -65C, ice particles collected
at the surface, and ice particles grown in a w ndtunnel.
The A(D) relationships for cirrus clouds were derived from
CPlI, 2D-C, and 2D P data during sl ow Lagrangi an spir al
descents, and from bal |l oon-borne ice crystal replicator
data. The dependence of the coefficients of the

A (Dyrel ationship on height wthin the vertical cloud colum
was exam ned and related to m crophysical processes
operating in the clouds. Fundanental aspects of ice
particle growmh and the aggregati on process were al so
exam ned. The area ratio was found to decrease
systematically with increasing particle dianeter for nost

i ndi vidual particle habits and for natural cirrus cloud
popul ati ons. The area ratio decreases rapidly with

i ncreasing dianeter for particles snaller than about 500
mcrons, then nore slowy for |arger particles. The
aggregation process produces particles with higher area
ratios than single particles of the sane dianeter, and
since nost particles |arger than 500-1000 mcrons are
aggregates, aggregation |leads to a decrease in

the slope of A(D) at dianeters greater than about 500

m crons. The A(D) rel ationships were adequately represented
by power-| aw expressi ons.

The coefficients of the power-law A (D) relationship were
found to be roughly constant in the |lower half of the
cirrus clouds studied, but dependent on height in the upper
hal f of the cloud colum. The hei ght-dependence of A(D) is
attributed to the inpact of particle growth, aggregation,
and sublimation on the particle shape and other particle
characteristics. Profile neasurenents from 10 cirrus cl ouds
were conbined to produce a single paraneterization for the



nmean A(D) trend, and for the dependence of its coefficients
on fractional height within the normalized cloud col um.

An approach is given for using the A(D) relationships
together with particle size distribution neasurenents or
paranet eri zati ons to derive bul k cloud properties of

i nportance to the nodeling and radiative transfer
conmuni ties.

Paper 3: The Devel opnent of Mdlatitude G rrus Mdels for
MODI S Using FIRE-1, FIRE-11, and ARM In-Situ Data

Shaima L. Nasiri, Bryan A. Baum Andrew J. Heynsfield
Ping Yang, Mchael R Poellot, David P. Kratz, Yongxiang Hu

Paper Status: Journal of Applied Meteorology, in press
Abstract

Wiile detailed in-situ data fromcirrus clouds have been
col l ected during dedicated field canpaigns, the use of the
size and habit distribution data has been lagging in the
devel opnent of nore realistic cirrus scattering nodels. In
this study, we exam ne the use of in-situ cirrus data
collected during three field canpaigns to devel op nore
conplex mdlatitude cirrus m crophysical nodels. Data are
used fromthe FIRE-1 (1986) and FIRE-11 (1991) canpai gns
(FIRE refers to the First | SCCP Regi onal Experinent; | SCCP
refers to the International Satellite C oud Cimatol ogy
Project) and a recent ARM (At nospheric Radi ation
Measurenent) canpaign held in March- April, 2000. The

m crophysi cal nodel s are based on neasured verti cal

di stributions of both particle size and particle habit, and
are used to devel op new scattering nodels for a suite of
MODI S bands spanning visible, near-infrared, and infrared
wavel engt hs. The sensitivity of the resulting scattering
properties to the underlying assunptions of the assuned
particle size and habit distributions are exam ned. W find
that the near-infrared bands are sensitive not only to the
di scretization of the size distribution, but also to the
assuned habit distribution. Additionally, our results
indicate that the effective diameter calculated froma
given size distribution tends to be sensitive to the nunber
of size bins that are used to discretize the data, and al so
to the ice crystal habit distribution.

Regar ds,



Andrew Heynsfi el d
PhD
Seni or Scientist, MW D vision



