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* Cirrus cloud and ice supersaturation

Cirru]s clouds hlaviI Ifarge but highly uncertain impacts onfEr?rth T cllmite [%hen ethal. 1. National Center of Atmospheric Research/Advanced Stu dy Program (ASP bal, DC3, PREDICT, TORERO Science Team
2000]. Cirrus cloud formation requires supersaturation of the relative humidity wit L : : : : :

respect to ice (RHIi). However, it has not clear how ice crystal regions Initiate from ice 2. Civil and Environmental .Engr, Princeton University, NJ ‘Ice CryStaI number denSIty (NC) and
supersaturated regions (ISSRs, regions where RHi > 100%), grow in size and Contact: diao@ucar.edu mean d|am eter (Dc) evolution

eventually dissipate. Here we show the time evolution of cirrus clouds by analyzing
the relationship between ice crystal regions and ISSRs at temperature (T) < - 40 °C.
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*Five phases of ice crystal region evolution
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[1] Mean diameter of ice crystals merges into a constant value as ice crystals grow, which
agrees with the theory of ice crystal growth rate.

[2] Number density of ice crystals continues to increase throughout the ICR evolution. The
Increasing Nc agrees with previous simulations, where new ice crystals continue to form
as the air parcel continues to be uplifted [Spichtinger and Gierens, 2009].
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Ice crystal region lifetime phases and
horizontal spatial expansion evolution
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1 Clear-sky ISSRs 0 1 N 4 \
. o 70x10” - —m— DC3 ]
2 Nucleation O<M<1 1 . B .| =+ HIPPO
1 --@- STARTOS8
3  Early growth of ice crystals 0<M <1 0<N<1 ' o SR —4— PREDICT
& o, 907 —= TORERO
4 Later growth of ice crystals 1 O<N=1 %’ 01 = TURERD =
GV instruments Principal Measurement Accuracy Precision 5 Evaporation/sedimentation 1 0 g = §
Investigator = g
Mark Zondlo, Water vapor 6% <1% '
hygrometer Princeton U. Zondlo et al., 2010 ' g ' i
& ( ) ‘RHi mean and standard deviation evolution .
2-DC Dave Rogers, lce particle number Measurement range: - . . . .
NCAR density (Nc) and mean 25-800 pm . 1 Phasei . 3 s . 0.001 09 10
p _ ' rystal evolution ) Horizontal spatial ratio Qf ICR/ISSR -5
diameter (Dc) (Korolev et al., 2011) Phase 1 Phase 2+3+4 Phase 5 w, - oy LA LR e T
. . 120 - . . 100 - [1] DC3 shows more Phase 4 (ICRs with ISS buried inside) than other campaigns,
SID-2H Andrew Heymsfield, Ice particle Nc and Dc Measurement range: S —= DC3 A ; & . . .. : :
_ NCAR 1-50 pm 3 Mean —+— HIPPO 104 55 suggesting that either the ICRs do not consume H,O efficiently, or continued strong uplift
Instrument (Cotton et al., 2010) 115 " STARTOS o maintained 1SS inside ICRs in DC3.
’ | = TeRERG 100- _ [2] PREDICT shows less Phase 2 (ISSRs with ICRs buried inside), suggesting that ICRs
© nr . : = Q X 70+ : : :
.Defl nitions Of Ice Cr Stal regdions ICRS an d = 1107 < = expand immediately once the_y are formed |n. ISSRS. |
_ y g ( ) i Zqo| -m-DC3 X 60- —=- DC3 [3] The peak of ICR/ISSR ratio happens at higher value in DC3 than the other two
ICe supersatu rated regions (|SS RS) 105- - STARTS 50 | . s campaigns, suggesting that ICRs expand relatively fast in DC3 so that most ICRs are
S _ _ _ 801 = ronoRo 40- - PREDCT | | larger than ISSRs. This finding further indicates that the dominance of Phase 4 in DC3 is
ISSRs: regions \_N'th spz_mally cor_1tmuou§ ISS. L 100+ b, a5 | | contributed by strong uplift instead of inefficient depositional growth.
ICRs: regions with spatially continuous ice crystal distribution. LT T S ST T T T T | e > — —
“With ice crystals” as where the ice crystals are observed during the 1 Hz 00 B Ienétoh( m) O Horizontal spatial ratio of ICR / ISSR 0 W engtmg | .
measurements, while the remaining regions are considered to be clear-sky \ 10 Ppe— ;
regions. Standard ¥ \iero - 16- - HPPO s o O el | 1. We provided a new and simple method to distinguish three phases of ice cloud
One ISSR+ICR sample: a set of spatially continuous ISSRs and ICRs. deviation i rredicr st 147 f +$§EE§J‘§§3 ) o e | evolution by using in-situ and quasi-Eulerian sampling of two common parameters:
—&- TORERO_Std Ly = 2 1 a —&- TORERO_Std 1) RHi 2) presence/absence of ice crystals.
References: . . < 67 3 107 " 2. We demonstrated the importance of separating out various evolution phases of
gnrfwn, 13 Vgéi' ;%SSOW and Y:€. zhang (2000), Radiative etiects of cloud-type variations. T T 8] ice crystals in Eulerian view observation, since they have different properties of RHI,
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crystal regions on the microscale based on in situ observations, Geophysical Research 5 44 ° 3. We compared ice crystal evolution between various geographical location and !
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