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Outline

» Motivation and objectives

» Discussion of two case studies during

MC3E

- Synoptic pattern of biomass burning smoke
transport

- Multiplatform dataset (ground, satellite,
aircraft)

- Brief discussion of possible AIE due to smoke
» Summary/Future Work

Questions




Motivation

- Peppler et al., 2000

— ARM SGP Site Observations of the Smoke Pall Associated
with the 1998 Central American Fires

« Paper did not address severe weather

- Wang et al., 2009

— A conceptual model for the link between Central

American biomass burning aerosols and severe weather
over the south central United States (SGP Site)

« Compared 1998 to 2003 wildfire seasons

- Paper addressed link between biomass smoke from Mexico
and severe storms/deep convection

- 2011 MC3E Field campaign
- Yet another record setting wildfire year

- Multiplatform analysis of cloud/aerosol microphysical
properties and interactions over SGP Site



Objectives

» Currently studying 2 cases
> 25 April 2011 - Low AOD and deep convection
- Example of “clean case” - weak aerosol/cloud interaction
- 23 May 2011 - High AOD and discrete convection
- Example of “polluted case” - strong aerosol/cloud interaction
» Smoke was in the vicinity of the SGP site in both
cases

» Both dates associated with severe outbreaks of
tornadoes and hail (e.g. Tuscaloosa and Joplin)

» What role (if any) did the smoke play in the
evolution of the convective storm development?
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532 nm Total Attenuated Backscatter, km'sr' UTC: 2011-04-22 08:23:20.7 to 2011-04-22 08:36:49.4 Vi : 3.01

22 April 2011 - closest
eF overpass to SGP site (~ 200 km)
and before frontal passage
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532 nm Total Attenuated Backscatter, km'sr' UTC: 2011-05-22 08:37:49.8 to 2011-05-22 08:51:18.5 Version: 3.01 Nominal Nighttime
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12



)

LWP(gm " 2|

rainrate(mm/hr)

dmax(mm)

AOD#)

25040 "

20040

S = N W & W

(1] 2 4 6 8 (1} 12 14 16 18 20 22
disdrometer measured max diameter
A A L
2 4 8 10 12 14 16 18 20 22

22- 24 May 2011 SGP AOD and Wlnd Dlrectlon

0.6 ARM AOD (500 nm)

0.5 | AERONET AOD (440 nm) NW, N
< R 80%

0.4 . o2 8 LD sSW, W
S ge° 8%?; F g

0.3E° m B

0.2 ”’/ «J‘f i/
Ay Z

0.1 %
. 3 )

0.0 e . . _

142.0 142.5 143.0 143.5
Julian Day
23 May 2011

8 10 1z .14
rainrate from tipping bucket

2z

24

24

PWVicm)

19Z - 227

Wind Direction (deg)

Airflow mainly from
southerly direction
(Mexico)

Increase in AOD denotes
more smoke in the SGP
vicinity

Peak occurs around 21302

LWP is lower in high AOD case
(~2200 g m2); PWV just over 4 cm
Possible competition between
aerosols and CCN for water vapor

Rain rate of nearly half inch per
hour (10 mm hr) indicates
weak or spotty convection

Drops are smaller here than
in Case |

At peak rainfall event as well
as overall average

13



Q2 Estimate 19UTC May 23 through 01UTC May 24, 2011
-108 -106 -104 102 -100 98 96 94 92

Q2 Radar estimate of
precipitation shows few ..................................................
— convective cells near the SGP
~ site.

32

30

-108 -106 -104 -102 -100 -98 -9¢

Accumulated Rainfall (mm)

14



UND Citation II In-Situ MC3E Measurements 25 April 2011
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Peaks in IWC correspond to strong updraft regions where the UND Citation Il

flew over convective cores

Number concentration is enhanced in 23 May case in the 0-4km level (near
LCL) likely due to more aerosol loading (smoke)
Effective radii larger in 23 May case due to more contribution from the cold
rain process



Summary and Future Work

» Dynamic forcing a major factor in the 25 April
2011 Case

- However, smoke was clearly seen being transported
to the Gulf Coast states at the time of the
Tuscaloosa outbreak

» Smoke may have played a role in the
evolution of storms in the 23 May 2011 Case
- Decreased LWP due to aerosol/CCN competition
- Delay of warm rain process and aerosol invigoration
» Will continue to analyze more cases during
MC3E
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Questions/Comments

Funnel Cloud 09 April 2011 _
mesocyclone in rural

NW lowa ingesting
local biomass smoke

‘?f3

T e e e T gy e S s

hank You

18



Extra Slides




1915 UTC ¢4 Sep 2G12 VYisible lmage (c)2812 UCAR htp A www.rap.ucar.edusweather satellite,”
F’ . F 73 B = = g — — - “.F — X =T

»
1 ® -
e

-l.
= )

ield = 1915 2

psol Plume

2%

Boundary »} uwcmss

)

el =

21 24 27 | A5 48 51 57 68 63 66 69




a1

o4 Sep 2812 Visible Image (0)2012 UCAR http:/ www.rap.ucar- edu/weother/sotelllte/’

'bu'rmng Mu

.._"‘K‘“ 2

-~ "
o | ol s :
-l " L4
A%
y
% N

~

\
at
]

BB pume
entrainment into
deep convection

mass Burning

YAergsol Plume

m_15 ABNZA0 24 27 3C 33 36 39 42 45 48



Altitude (km)

Altitude (km)

14.0
13.0
120
1.0
100

14.0
13.0
120
1.0
100

UW - CIMSS
ground based
LIDAR profile

Aerosol backscatter cross section 05—Sep-2%ag2 TR it

e P P T I I IR EPIPEI I IIPIPIRI . S SRR

..........

s e e ey o e Y R e WO e e S s o Tl o+ oo, o8 s =

4 5 B 7 8 9 10 1

Weak
depolarization
denotes spherical,

aged biomass
\ kpﬁrtic'lﬁes

.. - .

7 8 9 10 "

Return

Courtesy of Dr. Brad Pierce - UN-CIMSS

22



Visible Com
MODO21KM.A2011141 .1

osite '|
25.005.2011144193655 _hdf |

\

|
R 2157‘6__—#"

'|
Biomass |




RG2001 TAO ET AL.: AEROSOL IMPACT ON CONVECTIVE CLOUDS RG2001

TABLE 1. Key Observational Studies Identifying the Differences in Microphysical Properties, Cloud Characteristics,
Thermodynamics, and Dynamics Associated With Clouds and Cloud Systems Developed in Dirty and Clean Environments

Properties High CCN® (Dirty) Low CCN (Clean) References (Observations)
Cloud droplet size smaller and narrower larger and broader Squires [1958], Radke et al. [1989], Ferek et al. [2000],
and distribution Rosenfeld and Lensky [1998], Rosenfeld 1999, 2000],

Rosenfeld et al. [2001], Rosenfeld and Woodley [2000],
Andreae et al. [2004], Koren et al. [2005],
Yuan et al. [2008]

Warm-rain process suppressed enhanced Squires [1958 ], Radke et al. [1989], Albrecht 1989,
Rosenfeld [1999, 2000], Rosenfeld and Woodley [2000],
Rosenfeld and Ulbrich [2003], Andreae et al. [2004],
Lin et al. [2006], Givati and Rosenfeld [2004],
Lietal [2011a]

Cold-rain process enhanced suppressed Rosenfeld and Woodley [2000], Orville et al. [2001],
Williams et al. [2002], Andreae et al. [2004],
Lin et al. [2006], Bell et al. [2008]

Mixed-phase region deeper shallower Rosenfeld and Lensky | 1998, Williams et al. [2002],
Andreae et al. [2004], Koren et al. [2005, 2008,
2010a, 2010b], Lin et al. [2006], Li et al. [2011a],
Niu and Li [2011]

Lightning enhanced (downwind side)/ less and lower Williams et al. [2002], Orville et al. [2001],

higher maximum flash maximum flash Steiger et al. [2002], Steiger and Orville |2003],

Yuan et al. [2011]

“Updated and modified from Tao et al. [2007].
®Cloud condensation nuclei.
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