-
'l‘-,:l
""‘.-_...

TROP G%AL Cl RRus..,.;

-—--l-u-

—_:_:% Andrew Heymsfield
NCAR

T --I ,
'.-“' o




e ——

HEIGHT lkm)

_m

[

i

- MATURE
ELEMENT —

— o

A -z

sl A ey

o — — — — —

CLOUD BOUNDARY

e s

ANVIL REGION

After Houze, 1977



Outline

Three “categories’ of tropical cirrus
Radiative Properties
Possible Microphysics-Climate I nteractions

Overview of in-situ PSD measurements to date
Thin, intermediate and thick cirrus.
Comparison to synoptically-generated, midlatitude cirrus

|ce Particle Habits
Summary and Conclusion



Tropical Cirrus Types and Large-
Scale Properties
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Cloud type amounts (%) Tropical Morthern Southern Marth South
midlatitudes midlatitudes polar polar
Cumulus 00012.3) 1.6 (10.7) [.40(15.1) 4.2(3.6) 6.202.2)
Stratocumulus 0.0010.7) 0.8 (10.9) 0.9(16.8) 3BT 5204
Stratus 0.0¢0.8) 0.202.2% 022.1% 1.3i{5.2) L.1i2.5)
Altocumulus 0.9(a.1) T.B0(3.2) B3(2.8) [2.10(0.6) 14.400.1)
Altostratus 0.1(4.T 5.004.2) 7.1(4.2) 0G4 12.500.3)
Mimbostratus 0.0¢1.0% L.G6(1L7) [.6(1.2) 33(LE 2.90(0.2)
a=15% Cirrus 5.6 3.8 2.2 B.7 5.7
a=509% Cirmostratus 3.3 6.9 1.6 2.4 14
Dieep comvective 27T 3.3 3.0 0.9 0.8

Rossow and Schiffer (1999)



Possible Climate-Microphysics
Interactions



Cirrus Influence on SW and LW Radiative Fluxes,
11degNtolldegS
(Based on Hartmann et al., 1992)

Quantity Average Flux, W/m?
(June to August 1985, Dec to Feb, 1986)

Outgoing Long Wave Radiation

Thin Cirrus 11.0

Thick Cirrus 13.3
SW Radiation

Thin Cirrus 6.3

Thick Cirrus 28.5

Net Radiation (OLR-SW)
Thin Cirrus 4.6
Thick Cirrus -8.8




Jermoaynamic reguiation or ocean warming
feirrus clouds deduced from observations
ithe 1987 El Nino

famanathan & W. Collins

Rinstitution of Oceanography and California Space Institute, University of California at San Diego, La Jolla, California 92093, USA

Bivations made during the 1987 El Nifio show
Bih the upper range of sea surface tem-
fllres, the greenhouse effect increases with
86 temperature at a rate which exceeds the
f; which radiation is being emitted from the
80e. In response to this ‘super greenhouse
jot’ highly reflective cirrus clouds are produced
act like a thermostat, shielding the ocean
solar radiation. The regulatory effect of these
glouds may limit sea surface temperatures
s than 305 K,

Ramanathan and Collins (1991)



Radiative energy budget (W m '2‘) at the TOA over 30 days
(December 5, 1992 -- January 3, 1993)

Fluxes FC GMSI1 GMS2 MO EO0
Q Lw (TOA) -198.8 -200.4 -205.1 -194.8 -171.7
Q gw (TOA) 269.5 294.4 274.4 273.5 243.9
ISCCP CallinsA/C Minnis CRM CRM (k/M fallspeed)

Wu and Moncrief (1999)



EXAMPLES OF TROPICAL
CIRRUSCONVECTIVE
CLOUD TYPES



SUBVISUAL CIRRUS
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Tropical Ice Cloud Studies
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Tropical Ice Cloud Studies
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ropical Ice Cloud Studies

Griffith et al(1980)

|WCs increased downwards

*Knollenberg et al.(1982,1993)

Reported IWCs in cold anvils were order
hundredths g/m-s

Takahashi and Kuhara (1993)

sed sondes to characterize PSDs and habi




*Pueschel et al. (1995)

Observations in typhoon

*Heymsfield McFarquhar (1996, 1998)

Characterized average IWCs
Inferred cause of high albedosin
tropical ice clouds

M cFarquhar-Heymsfield (1996,1997)

Characterized PSDsin 3 anvils
Developed param. For PSDs




Stith et al (2002)

—|  Characterized the updraft and stratiform regions of
Florida, Brazil and Kwaalein Clouds (TRMM)

Heymsfield et al. (2002)

— | Characterized the anvil and stratiform ice cloud
regions of Florida, Brazil and Kwgalein Clouds
(TRMM)

APE-THESEO ()
Dye et a. (2000)
— Airborne Field Mill Project



Thin Cirrus
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Fio. & Tempaml vanaban of effective ophceal thickpess, denved
from CL5 hdar mensuremenis, for thin tropopapse cimus sampled on
2 o 0154 UTC (GMT) 29 Mar 1993 during CEPEX at 275 and
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Cirrostratus






Kwaalen Vertical Profile
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Deep Convection (Thick Cirrus)
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Spectral Param=sters s Temperature
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Maximum Diameter vs Temperature
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COMPARISON TO MIDLATITUDE
OBSERVATIONS
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Particle Habits
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Airborne Feld Mill Project
Forida, 2000, 2001
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Summary and Conclusions

Tropical cirrus properties exhibit considerable variability
Optical depths and albedos vary widely

Small particles have the largest influence on microphysical properties
at low ice water

Maximum ice crystal sizes can be aslarge as 1 cm at low temperatures
In the proximity of convection--aggregation has a profound influence
on the particle size distributions

The PSDs above several hundred microns were generally well-
represented by exponential or gamma distribution fits, and vary in a
systematic way.

The dlope parameter was generally a function of temperature and
conform to earlier midlatitude observations---



Summary and Conclusions (continued)

— lce water contents generally afunction of temperature--direct
measurements of IWC have not been made and are needed
— Water budget of tropical systems---transport of condensate into
the upper troposphere--are needed
— Habits often not the pristine idealized shapes modeled previously



