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. Objective: To determine the relative contribution
D Utl Ine thermodynamics and aerosols to the variability o

convective intensity/lightning in the tropics.

lobal (Continents vs. Oceans)

Research design: A global perspective nesting down
progressively finer space and time scales of interes

Regional
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characterization of cloud-aerosol-
ydynamic interplay.

e-scale MJO feeding onto basin scale.

onal-scale variability.




1peting Hypotheses

Riemann-Campe et al. (2009)
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Traditional Thermal: CAPE controlling factor for convective intensity; idealized parcel theory
Aerosol: CCN modify size distribution of liquid hydrometeors - impact warm-rain process - subsequently
influence riming efficiency/latent heat release above 0°C (transition from shallow Cu to deep Cb)




‘minology

tive Feature (CF) — a contiguous group of
dentified as “convective” precipitation by
PR.

ng-Producing Convective Feature (LPCF) —a
tive feature with lightning flash rates above

LIS’s minimum detection threshold (~0.7 fl.
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F/Predictor climatology

1. Census of CFs and LPCFs®

in CFs LPCFs CFs (AVGHT30 =5 km) LPCFs (AVGHT30 =5 km)
| 12,232,564 503,133 1457919 263378
ents 2,148,492 360,190 388859 162593
S 10,084,072 142943 1,069,060 100,785

pulations of convective features (CFs) and lightning-producing convective features (LPCFs; i.e., CFs with lightning
ates above TRMM LIS's minimum detection threshold) over the TRMM domain for the years 2004-2011. The first
lumns represent populations in the original CF/LPCF database, while the latter two columns represent the sample
f the data subset for the current analysis.

Stolz et al. (2015)

tning-Producing Convective Features (LPCFs) occur most
juently over continents; salient features of general circulation
\d out in climatology (e.g., storm tracks, ITCZ/SPCZ, AEJ, and
ical chimneys)

| Lightning Density (TLD) is greater over continents compared to
ans by a factor of 2-3 (e.g., Boccippio et al., 2000)
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Normalized CAPE [J kg™ m™]

1a of NCAPE, N40, and WCD are found in association with maxima

f TLD — it is plausible that variability in TLD results from some

combination of environmental thermodynamic and aerosol
characteristics.
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ghtning Density: 2D comparison

' ' ' v ' Two dimensional histogram appi
map the sensitivity of convect
intensity proxies to simultane

changes in thermodynamics (X)

aerosols (Y)
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ightning Density: 2D distribution + WCD

Global (Continents and Oceans; Lightning)
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Two dimensional comparison “maps” of lightning ¢
can be created for different stratifications of warm
depth (WCD) — a three dimensional comparisc

Lightning density is greatest for high NCAPE and hig
for all WCD stratifications (all panels)
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Lightning density varies by up to ~600% between
NCAPE/CCN (lower left) and high NCAPE/CCN (uppe

For deeper WCD (panel d), the greatest lightning de
restricted to exceedingly high NCAPE/high CCN -
exhibits a non-trivial influence on lightning




rtical Reflectivity Structure

¢) All NCAPE, Shallower WCD a) High NCAPE, Shallower WCD

10 10
9 9
201 E s = g @
| = =2 7 :
i = 7 : k
| 0 s} il
15} 2 6 - =
—i [ 4 / = al__ :
g 19 i 2 5 1 Diff_s 'N? Rﬂsti'
2 [ Difference in Mean Reflectivity G - Pollated Pristine [Z d%:Z]VIty
i ! Polluted—Pristine [AdBZ] as)
[ st |
o 81086 28917 ) 37057 16311
' - 32661
0 [ AVGHT30 > 5 km 58942 ol AVGHT30>5km ~ © : .
10 20 30 40 50 60 10 20 30 40 50 60
Mean Reflectivity [dBZ] Mean Reflectivity [dBZ]
N40 < 100 cm’
100 cm?® < N40 <200 cm’?®
200 cm”® < N40 < 500 cm’®
N40 > 500 cm™

Reflectivity in polluted clouds is up to 5.6 dB larger compared to pristine clouds (in mixed phase,




sional behavior (Ocean)

Hi gh NCAPE/ngh N40 (Ocean)

LPCF Frequency [# obs.]

ng oceanic LPCFs that occupy upper right section of the NCAPE-
irameter space illustrates these features occur preferentially in
coastal regions (e.g., Strait of Malacca, Gulf Stream)
Northern Hemisphere = boreal warm season
Southern Hemisphere = bi-annual, transition seasons
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ional Sensitivity: LPCFs

3-D Distribution of Predictors: LPCF's

WES A

® Continents
®  Oceans

.os‘

0.15
0.1

- Layer N40 [cm 3]

NCAPE [Jkg 'm™!]

solate LPCFs in certain regions of interests (e.g.,
1tinental, coastal, oceanic) within 3-D “cloud”

Boundary Layer N40 [cm 7]

2. Compute LIS lightning deciles, map trajectol
(low (circles) = high (triangles) flash density)
through 3-D parameter space
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Aerosol-cloud interactions
during DYNAMO (2011-2012)
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DYNAMICS of the MJO (DYNAMO, Fall 2011- Winter 2012)
je see CAPE/CCN influences on regional scales, like the MJO for exan

NAMO provided an opportunity for exploring the role of CCN during 3 MJO episodes since we d
expect CAPE to vary geographically in the 10 basin — a natural laboratory for study.

(Courtesy Johnson and Ciesielski 2013)
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NAMO 2011 (1 October — 31 December)
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Peaks in rainfall and
frequency of Cold Cloud
Features coincide with 3
observed MJO episodes

Lightning density is up tc
an order of magnitude
larger in the NR
compared to SR.

CCN in NR~ 150 cm?3
CCNin SR~ 40 cm?3

CAPE is very nearly the
same between NR and
SR regions.



VIJO Phase Composites: TRMM LIS

Pre-MJO 2
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-ddy/Gyre transport

Post-MJO2
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Equatorward transport of high CCN, in association with cyclonic eddies, in northern region




Pre-MJO2
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Despite similar populations of Cold Cloud Fe

(i.e., deep convection) lightning appears to

preferentially in the northern region, wh
aerosol concentrations are highest
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mmary

A global investigation focusing on the variability of tropical
onvection (lightning and radar reflectivity) suggests thermodynamics
and aerosols simultaneously invigorate convective clouds.

 Lightning rates and radar reflectivity were higher (greater) for higher NCAPE,
higher CCN, and shallower WCD

* Preliminary results from regional analysis illustrate different sensitivity to
NCAPE, CCN, and WCD in various geographical regions.

_arge-scale wind anomalies associated with the MJO appear to be
esponsible for modulating lower tropospheric CCN concentrations
on intraseasonal timescales over the central Indian Ocean.

Radar and lightning observations from TRMM PR/LIS depict non-
rivial changes in convective characteristics during certain phases of
he MJO in areas with high CCN concentrations over the central
ndian Ocean.
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1peting Hypotheses

AEROSOLS
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and (d) large Colorado hailstorms [43].

Byers and Braham (1949); Kyle et al. (1976); LeMone and Zipser (1980); J
LeMone (1989); Williams and Stanfill (2002)

Traditional Thermal: CAPE controlling factor for convective in
Warm-Cloud Depth (WCD): Cloud base height scales with wid
updraft; wider updrafts - efficient conversion of CAPE to upd
kinetic energy (via reduced entrainment)

Aerosol: CCN modify size distribution of liquid hydrometeors -
impact warm-rain process = riming/latent heat release above
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Quantifying the Influence of WCD

ssing the difference in lightning
shallower and deeper WCD (at a

APE/N40 point).

any points in the
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e, the lightning
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artial Sensitivity of Lightning Density
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The range of these relationships is comparable (for most separations), but separate dependence on either
NCAPE or N40 is not sufficient to account for the full range of observed variability in lightning density.




'GHT30: 2D distribution + WCD
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jomogeneous thermodynamics

CAPE Comparison Northern Region VS. Southern Region
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The central Indian Ocean (CIO) represents
natural thermodynamic laboratory (e.g., N
et al., 2009; 2011) to study aerosol impact
deep convection

Similar distributions of CAPE between eac
region (DYNAMO period, Oct.-Dec. 2011)
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Features (i.e., deep convection) lightning
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northern region, where aerosol
concentrations are highest
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30-50 day variability in CCN?
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Horizontal transport of atmospheric pollutants may occur preferentially in the northern

hemisphere in the wake of active MJO convective episodes in association with Rossby Gyres.




\erosol variance
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malous flows acting on background (mean) aerosol gradient (e.g., phase 5) increase aerosol gradient along
equator in the Central Indian Ocean (Rossby Gyre/eddie activity?)




