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It regulates cloud moisture and
heat budget

Itis related to snow precipitation

It affects surface
heating/moisture

It affects radiative fluxes

tis directly related to aerosol

important part of the |
hydrometeorological eycle
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CURRENT ISSUES RELATED ICE
CLOUDS/SNOW PRECIP

Issuesonicecrystal
concentration parameterizations

Issues related to Ice crystal habit
effects on mass and optical
properties

Large uncertainty inthe
autoconversion from IWC to SWC

Measurement uncertainties
related to Ice crystal
concentrations with size<100
micron

Usually low vertical air
velocities/unknown turbulence
intensity

Measurement uncertainty issues
In snow Precip Rate/amount

Issues on ice particle spectra for
various cloud types/habit

Issues related to optical
properties/microphysical
retrievals




(b) precipitation
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Rawlins et al 2006

For snow,
1 mm SWE =1 cm snow depth (10% density)
We cannot measure precip rate better than 0.5 mm/hr.

This results in ~12.5 W m-2 error in the heat budget cal.

This is comparable larger than aerosol direct or indirect
effects, and it is strongly related to cloud IWC and IN
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IPCC PRand T TRENDS

Projected Surface Air Temperature Change
(change from 1981-2000 Average)

IPCC Fourth
Assessment Report: Climate Change 2007)

- CSM_I A4

~~ ECHAM4/0OPYC3
~— GFDL-R30 C

= HadCM3

Projected Precipitation Change
(% change from 1981-2000 average)

PR Change Projected Changes in Arctic Precipitation

Global warming will lead to increased evaporation and in turn to increased precipita-
tion (this is already occurring). Over the Arctic as a whole, annual total precipitation
is projected to increase by roughly 2000 by the end of this century, with most of the
increase coming as rain. During the summer, precipitation over northern North
America and Chukotka, Russia is projected to increase, while summer rainfall in
Scandinavia is projected to decrease. During winter, precipitation for virtually all
land areas (except southern Greenland) is

projected to increase. The increase in arctic —

precipitation is projected to be most 35

concentrated over coastal regions and

in the winter and autumn; increases ICIA (AI'CtI C CI | m a.te
during these seasons are projected to Im pac% ASSESS m ent) t

— CSM 1.4 exceed 300%.
ECHAMA/OPYC3
- GFDL-R30_C
— HadCM3




PROJECT SITES
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Yellowknife
NWT, Canada

YELLOWKNIFE, NT temp win‘er{s) 2010-2011 (red), 20p0-2010 (blue) / 1953-2000 (gray)
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Extinction versus f{IWC
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DeMottetal *

ISDAC
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3 4 511 min

3min 2min 1 min

== All

ISDAC Flight 26
April 20, 2008
Biomass burning
plume

Shantz, Gultepe, Zelenyuk, Andrews, Earle, Macdonald,
Liu, Leaitch, Optical properties and chemical composition
of stratified aerosol layers in the springtime Arctic,
submitted to JGR, 2011.
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DOE NSA site e

Yellowknife, NWT
to
Barrow, Alaska

ICE CLOUD
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JACK FISH
TOWER
measurements

RH
e T, Td
* Pressure
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AWI Polar-5:

Many flight hours experience over the Arctic that
include R I o caitee:

Instrument List; -
e\/arious aerosol measurements: e




TECHNICAL PARAMETER

Wing span 29.00 m
Length of fuselage 12.85m
Width of fuselage 2.34 m
Height of fuselage 2.00 m
Maximum take off weight 13,039 kg
Maximum payload 3,900 kg
Fuel consumption 500 kg/hr
Endurance for ferry* 2,600 km
Endurance 1,000 kg 2,000 km
Endurance 1,500 kg 1,700 km
Number of passengers 18 PAX
Maximum service ceiling 7,600 m
Lowest cruising speed 185 km/hr.
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Snow pre(;lpltatlon in Arctlc reglon(\

Y ‘*"*r‘* &
%
4

*  Precip rates cannot be measured accurately if it is
less than 0.5 mm/hr

Weighing gauges do not work accurately in the
Arctic regions because of their sensitivity to
particle size and density, and wind effects

 Optical gauges are better than weighing gauges
because their sensitivity is directly related to

- individual particle in a sampling volume i, 05
< i) 2
A Snow density is not well known during the
precipitation to obtain accurate SWE. !I

Hot plates (or capacitance sensors) can work
better than others but no particle density info is
provided
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FMD (fog device, similar to FSSP)
(2-50)

GCIP (similar to Aircraft CIP probe)
(15-1000)

SVI (snow video imaging sensor) (>500)
SIP (snow particle photography) (>50 )
2D video images (>500)




Size spectra for fog day: 20110117, 30%
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Common Crystal Habits and Formation Conditions

Meadles

Columns
Dentrites
& plates

Hollow Columns

Excess vapor pressure over ice (hPa)
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EThe COMET Program
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SIP measurements (Thomas Kuhn)




Jan 14 2011 -YK site




Both'/NSA and YK sites will have similar surface instruments and remote sensing platforms;
this will provide us state of art ground base measurements for model validations and
comparisons of the observations in the different environmental conditions (including snow
precip, aerosol properties, and cloud autoconversion processes].

Available Instrumentation for Land-Based
Deployments

Aerosols
ﬂ Aerosol Observation System from ARM (AQSE)
@ Cimel Sunphotometer (CSPHOT)

Atmospheric Profiling
ﬂ Balloon-borne Sounding System (SONDE)
ﬂ Microwave Radiometer, 3-channel (MWR3C)

Clouds
@ Micropulse Lidar (MPL)
» Microwave Radiometer (MWER)
ﬂ High Spectral Resolution Lidar {(HSRL) — coming soon
»» Total Sky Imager (TSI)
Q) vaisala Ceillometer (VCEIL)
» Scanning W-band (95 GHz) ARM Cloud Radar (WACR)
ﬂ Radar Wind Profiler at high frequency (RWP)
Land-based deployments in the United States will include a standard 91
and foreign deployments a 1290 MHz wind profiler is currently under de
ﬂ Ka-Band Scanning ARM Cloud Radar (KASACR) — coming soon
ﬂ W-Band Scanning ARM Cloud Radar (WSACR) - coming soon
New dual-frequency scanning cloud radars for the AMF2 will operate at !
pedestal, dual antenna system which operates out of a dedicated 20-fo
ﬂ Ka ARM Zenith Radar (KAZR) — coming soon
formerly known as the Millimeter Wavelength Cloud Radars (MMCR).

=y
=i

Radiometers

#» Atmospheric Sounder by Infrared Spectral Technology (ASSISTII) - coming soon
An Atmospheric Emitted Radiance Interferometer (AERI) like system manufactured
AMFZ.

Multifilter Rotating Shadowband Radiometer (MFRSR)
Upwelling Radiation (GNDRAD)
Downwelling Radiation (SKYRAD)

Portable Radiation Measurement Package (PRP2)

The PRPZ is a test instrument that holds promise for relaxing some stability requirg
deployment, potentially reducing the need for expensive, complex sun trackers. W
instruments (SKYRAD and PRP2) will be operated for comparison and continuity wit

surface Meteorology

ﬂl Meteorological Instrumentation at AMF (MET)

@) Eddy Correlation System (ECOR)

ﬂl Surface Energy Balance System (SEBS)

ﬂl 2-Dimensional Video Disdrometer (2DVD) - coming soon
ﬂl Weighing Bucket Gauges - coming soon




Modeling studies

Parcel models (EC)
LES models/Cloud Models




GEM simulations
January and February 2007

(Girard et al)
» Pan Arctic simulation domain
» Horizontal resolution: 0.25° with 53 vertical levels
> Initial and boundary conditions: ERA-40 and AMIPII SST and sea ice cover

»2 scenarios:
Scenario B:
IN coated with sulfuric acid (contact angle of 26°)
Scenario A:
Uncoated IN (contact angle of 12°)

» Ensemble of 12 simulations for each scenario.
» An anomaly Is defined as the difference between the coated scenarios and the
uncoated scenarios (scenario B minus A).



Laboratory experiments of Eastwood et al. (2009) testing the ability
of zeveral dust particles (uncoated and coated with sulphuric acid
and ammonimm gulphate) to act ag deposition nucler:

T=-330C

m aalinite J- kKaalinite + 4= Kaolinite +
m Kaalinte + FA - ammaoniutm sulfate sulfuric acid
coating - coating - coating %
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Similar results were obtamed with other mineral dust particles




Spin-up: 01/09/1996 — 31/08/1997
Driven by ERA-40 re-analysis
SST and sea ice: AMIP2 (monthly means)
Horizontal resolution = 50 km

Time step: 30 min

SHEBA run: 01/09/1997 - 31/08/1998

SUN: Sundgvist (results shown previously)

MLO: Milbrand and Yau scheme (2 moments)
ML-AC: New parameterization for acid coating
ML-NAC: New parameterization for uncoated dus
ML-AC-test and ML-NAC-test: dust conc reduced
by a factor 5




How to iImprove statistics on ice clouds?

Large uncertainties occur due to aircraft quick turn
angles and short flight legs; these need to be
Improved

Mixed phase conditions result in icing that affects
Instrument accuracy and measurements.

Radiative fluxes, extinction probes, and aerosol
inlets can be affected by under-sampling issues e.g.
time/space var|ab|I|ty, shorter legs

Better turbulent fluxes (e.g. 8hz) and dynamical
parameters; they need to be collected over at least
60 kmlegs. " --ﬁ,:_ ofi e

5

PreC|p|tat|on/CIoud partlcles Snould be measured
away from inversion layers Jgs =W

5 e ST P i e
~More constant alt’ltude legstat the cold . i "";,
temperatureé*e g. Ta:"lSC and spl'ral dowrﬁ
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Spectral ra@l} an ﬁmeasurements ebove the clou
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Projected work related to PIC3

O Continue to work on the proposal

O Increase collaborations on
Instrument deployment

Olntegrate observational and modeling
communities’ Interest on Arctic ice

clouds and 1ts conversion to snow
11/28/2010 11:43

OSort out issues related field program
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