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Motivation and Project Goals

 |Increase understanding of the relationships between lightning

and non-lightning storms
Time—evolution:
— Cloud-top infrared (IR) fields
— Ground-based dual-polarimetric radar fields
— Lightning fields
« Describe physical attributes of growing cumulus clouds:
— Water, precipitation and non—precipitation ice mass production
— Updraft strength
— Cloud depth
— Cloud-top glaciation/phase

Main Outcomes:

(a) Enhance predictability and identification of cloud—to—ground
(CG) lightning events

(b) Bridge gap between satellite—observed cloud top and in—cloud
radar observed hydrometeors
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Location of Research

NASA African Monsoon Multidisciplinary Analyses (NAMMA)
campaign
Research focus:
— 13° to 16° North and 15.5° to 18.5° West
Dates: 19 August 2006 to 30 September 2006

33 lightning and 30 non-lightning storms




Data

« Radar:
— NASA Polarimetric Doppler
Weather Radar (NPOL)

— S—-band
* Lightning:

— Very Low Frequency (VLF)
Arrival Time Difference

(ATD) lightning data
— Detects return strokes from
CG flashes

Mecikalski/CWG2014



Matthee and Mecikalski (2013)

Channel differencing

Critical value for CG lightning to

: Categor
and time trends gory occur
6.2 um—7.3 uym Cloud depth >2-5°C
6.2 um —10.8 um Cloud depth >2-5°C
15 minute Unpdraft strenath Positive trends for = 30 minutes with =
6.2 um—7.3 um P J 2 °C increase during this time
30 minute Undraft strenath Positive trends for = 30 minutes with =
6.2 ym—7.3 um P J 4 °C increase during this time
15 minute 10.8 ym Updraft strength <-10°C
30 minute 10.8 um Updraft strength <-20°C
8.7 um =10.8 um Clou_d—_top =2-5°C
glaciation
(8.7 um —10.8 ym) — Clou_d—_top > 0.5 °C
(10.8 pm — 12.0 pm) glaciation
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Channel differencing

and time trends

Category

Critical value for CG lightning to
occur

6.2 um-—7.3 um

Cloud depth

2-5°C

6.2 um—10.8 um

Cloud depth

2-5°C

15 minute

JOURNAL OF GEOPHYSICAL RESEARCH: ATMOSPHERES, VOL. 118, 1-13, doi:10.1002/jgrd.50485, 2013
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cumulonimbus clouds
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[1] This study documents the behavior of cloud top infrared (IR) fields known to describe
physical processes associated with growing convective clouds, for 30 nonlightning and

33 cloud-to-ground (CG) lightning-producing convective storms. The goal is to define
“critical” threshold values for up to 10 IR fields that delineate lightning from nonlightning
convective storms. Meteosat Second Generation and United Kingdom Meteorological
Office very low frequency arrival time difference satellite and lightning data, respectively,
were used in this study. These were collected during the National Aeronautics and Space
Administration (NASA) African Monsoon Multidisciplinary Analyses (NAMMA) field
campaign in August—September 2006 in Equatorial Africa. The main conclusions show that
eight of 10 IR fields that describe updraft strength, cloud depth, and glaciation (or ice at
cloud top) are significantly different between the nonlightning and lightning-producing
convective clouds. The lack of notch overlap in “box and whiskers™ plots confirms a 95%
confidence that the two data sets are different. Nonlightning-producing clouds are far less
vertically developed and possess >50% weaker updrafts (as estimated from satellite trends),
as well as little to no evidence of ice or glaciation at cloud top. Results from this study
therefore can be used to nowcast and identify with high confidence convective clouds that
are producing or are going to produce CG lightning using Meteosat data, assuming
appropriate tracking of growing cumulus clouds is performed.

Citation: Matthee, R., and J. R. Mecikalski (2013). Geostationary infrared methods for detecting lightning-producing

cumulonimbus clouds, J. Geophys. Res. Atmos., 118, doi:10.1002/jgrd.50485.

Mecikalski/lCWG2014

Positive trends for = 30 minutes with
2 °C increase during this time

Positive trends for =2 30 minutes with
4 °C increase during this time

<-10°C

<-20°C

2-5°C

20.5°C




Matthee and Mecikalski (2013)

Channel differencing

: Cate
and time trends J

6.2 um—7.3 um Cloud d

6.2 um —10.8 um Cloud d

15 minute

DECEMBER 2010

HARRIS ET AL.

The Definition of GOES Infrared Lightning Initiation Interest Fields

RYAN J. HARRIS

Department of Meteorology and Space Systems Academic Group, Graduate School of Engineering and Applied Sciences, Naval

Postgraduate School, Monterey, California

JOHN R. MECIKALSKI

Atmospheric Science Department, University of Alabama in Huntsville, Huntsville, Alabama

WAYNE M. MACKENZIE JR.

Earth Systems Science Center, National Space Science and Technology Center, University of Alabama in Huntsville,

Huntsville, Alabama

PHILIP A. DURKEE AND KURT E. NIELSEN

Department of Meteorology and Space Systems Academic Group, Graduate School of Engineering and Applied Sciences, Naval

JOURNAL OF GEOPHYSICAL RESEARCH: ATMOSPHERES, VOL. 118, 1-13, doi:10.1002/jgrd.50485, 2013

Geostationary infrared methods for detecting lightning-producing
cumulonimbus clouds

1 . -1
Retha Matthee' and John R. Mecikalski
Received 10 October 2012; revised 7 May 2013; accepted 9 May 2013.

[1] This study documents the behavior of cloud top infrared (IR) fields known to describe
physical processes associated with growing convective clouds, for 30 nonlightning and

33 cloud-to-ground (CG) lightning-producing convective storms. The goal is to define
“critical” threshold values for up to 10 IR fields that delineate lightning from nonlightning
convective storms. Meteosat Second Generation and United Kingdom Meteorological
Office very low frequency arrival time difference satellite and lightning data, respectively,
were used in this study. These were collected during the National Aeronautics and Space
Administration (NASA) African Monsoon Multidisciplinary Analyses (NAMMA) field
campaign in August—September 2006 in Equatorial Africa. The main conclusions show that
eight of 10 IR fields that describe updraft strength, cloud depth, and glaciation (or ice at
cloud top) are significantly different between the nonlightning and lightning-producing
convective clouds. The lack of notch overlap in “box and whiskers™ plots confirms a 95%
confidence that the two data sets are different. Nonlightning-producing clouds are far less
vertically developed and possess >50% weaker updrafts (as estimated from satellite trends),
as well as little to no evidence of ice or glaciation at cloud top. Results from this study
therefore can be used to nowcast and identify with high confidence convective clouds that
are producing or are going to produce CG lightning using Meteosat data, assuming
appropriate tracking of growing cumulus clouds is performed.

Citation: Matthee, R., and J. R. Mecikalski (2013). Geostationary infrared methods for detecting lightning-producing

cumulonimbus clouds, J. Geophys. Res. Aimos., 118, doi:10.1002/jgrd.50485.

Mecikalski/CWG2014

Postgraduate School, Monterey, California

2 °C increase during this time

Positive trends for = 30 minutes with =
4 °C increase during this time

<-10°C
<-20°C

2-5°C

20.5°C

10



Methodology

e " times:

Maximum volume of Z, 2 35 dBZ

First occurrence of lightning

Height (km)

t—=15 t t+15

Time frames: t—45 through t+30 (Radar and Satellite)
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Methodology (Cont.)
« ATD lightning field:
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Yuter & Houze, 1995; Zeng et al., 2001; Lang et al., 2003; Cifelli et al., 2004; Wang & Carey, 2005; Rogers et al., 2007; Cecil, 2011
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Methodology (Cont.)

« Radar Variables (Continued):

— Rain line:
+ Calculated using |Zy» =10log,,(Z, —Z, )| with Z,, > 35 dBZ and
ZH > ZV FEh.’Edthas&Spaﬂaa‘:EDm[t}iuerEmEﬁﬁﬂHHatI.ﬂkm_l
 Z,, obtained from Z_: |
Z |
Lor :1O|0910 - w0l
Zv : i
— Calculate water and ice i s
fractions to get masses b
f :ZHR — |f, = 1-f,
" Z h Numberof pls = 158
H :m: smnmdu;'zmun_ﬂ.ﬁrma _|
E i a8 40 ::MM a4 48 48 2

— -3 (4/7) -3
M, = 3.44x10°(Z,r) (gm™)
* Meischner et al., 1991; Aydin & Giridhar, 1992;
Doviak & Zrni¢, 1993; Carey & Rutledge, 1996;

3 (4/7)
S HI -3
! j (gm ) Tong et al., 1998; Carey & Rutledge, 2000;
13

M, = 1000mmp,N, (5.28x10'18
720 Cifelli et al. 2002; Wang et al., 2007




Methodology (Cont.)

« MSG Satellite Interest Fields: === Cloud
10.8 ym, Channel 9 : 6.2 um, Channel 5: 7.3 um, Channel 6 :

235/234|235|235(235|235/236/236/236 A
234/234/233 402492402/
xrpyipdty Main updraft 251|237|225|226|231/235/233[241/252
232215[200202/209|218|220/225/233  |246/217|199/203212221[221236(253 27 km
228205199202207|216/225/233|236]  |239/206(202/203(211221[236251(256
229209/199/206/211|216/229|235/235  |237204]200]206(210
233223211[212[217|225/233|236/235  [249]232216(219223
235/233/230(229|231|233/235/236/235 51|244/244/247
235/235/235|235(235|235/235/235/236 ﬁ55255255256 v

12.0 ym, Channel 10 :

Did the same for the

OCA fields:

e Cloud Phase

« Cloud-Top Pressure

* Cloud Effective Radius

Strabala et al., 1994; Ackerman, 1996; Schmetz et al., 1997; Setvak et al., 2003; Mecikalski & Bedka, 2006; Mecikalski et al., 2008;
Rosenfeld et al., 2008; Harris et al., 2010; Mecikalski et al., 2010a,b
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Z, and Z i — Lightning Storms

t—15

time t

C) Average ZH CFAD at t-15 for Lightning storms

More ice

d) Average ZH CFAD al t for Lightning storms
.

More ice

_______________________________________ -4 70“707
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@ . [} -
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% Occurrence % Qccurrence
C) Average ZDR CFAD at t-15 for Lightning storms d) Average ZDR CFAD at t for Lightning storms
r r

Height (km}

-3 2 1 ] 1 2 3
Differential Reflectivity (dB)
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% Occurrence

Height (km}

Differential Reflectivity (dB)
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5 20 25 30 35 40 45 50
% Qccurrence
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 During the time just prior to
the first CG lightning, storms
show significant volumes of
hydrometeors within the
mixed-phased layer (0 to
—40 °C), which is where
charging will occur.

« Differential reflectivity (Zpg)
confirms the (high likelihood)
presence of graupel and
large ice hydrometeors
within this same region.

 Cloud tops are comprised of
snow and eventually ice
crystals.

e Clouds reach >15 km.
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Z, and Z,; — Non-Lightning Storms

t—15

time t

C) Average ZH CFAD at t-15 for Non-Lightning storms
-

Height (km)

Q 5 10 15 20 25 30 3 40
% Occurrence

Average ZH CFAD at t for Non-Lightning storms

Height (km)

0 5 10 15 20 25 30 3 40 45 50

% Occurrence

C) Average ZDR GFAD at t-15 for Non-Lightning storms
-

Height (km}

Differential Reflectivity (dB)
I | | I [ ]
0 5 10 15 20 25 30 35 40 a5
% Occurrence

Height (km}

Average ZDR GFAD at t for Non-Lightning storms

Differential Reflectivity (dB)
I | | I [ ] —
o 5 10 15 20 25 30 35 40 45 50
% Qccurrence

 During the time just prior to

the maximum volume of =235
dBZ echoes (as lightning
was not observed), storms
show increasing
hydrometeors within the
mixed-phased layer (0 to
—40 °C).

However, differential
reflectivity shows a lack of
graupel and large ice
hydrometeors within this
same region.

Cloud tops are lower, and
there is no indication that
updrafts extend above ~12
km.

Mecikalski/lCWG2014
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0 °C to =40 °C Rain and Ice Masses

Rain and Ice Mass in Mixed-Phase region

— Lightning Rain
---- Lightning Ice ;
— Non-Lightning Rain /
—{---- MNon-Lightning Ice /

Mass (kg)

0.0e+00 4 0e+08 8Qe+08 12e+09 1E6e+09 20e+08

t-30 t-15 t t+15 t+30

t-time

 Lightning storms have
more ice than water in
the mixed-phase region

 Lightning storms have
much more ice AND
water than non-lightning
storms in the mixed—
phase region

* Non-lightning storms
have more water than
Ice between t-15 and
t+15

Mecikalski/lCWG2014
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a)

Precipitation Ice Masses

Radar Precipitation Ice and

Satellite 8.7 — 10.8 pm Glaciation

1e+08
|

— L Radarlce
---- L Satellite Glaciation

1e+07
|

Ice (kg/km® )
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\
\
\
\
\
T
0

Brightness Temperature (K)

1e+05

t-45

| | | |
t-30 t-15 t t+15

t-time

t+30

lce (kg/km® )

1e+07 1e+08

1e+06

1e+05

b)  Radar Precipitation Ice and
Satellite Tri-spectral Glaciation

— L Radarlce -
---- L Satellite Glaciation
— N RadarIce ~ —
---- N Satellite Glaciation 4 — N 5
”
o]
7 N N 5
/ v - B
/ o]
o
/ £
/ e o
- 7’ —
- - @
- s - 2
- ! C
- -—
- S
- =
- - B r}l m
a—— - ,
L™
1

t-45 t30 t15 t t+15 t+30

t-time

All lightning storms are seen in black and the non-lightning storms are in grey. For
both images, the radar precipitation field is a solid line and the satellite interest field
is a dashed line.

Mecikalski/lCWG2014
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Non-Precipitation Ice Masses

a) Radar Non-Precipitation Ice and
o Satellite 8.7 — 10.8 pm Glaciation
(o=
$ -| — LRadarice B
=, ---- L Satellite Glaciation
© N
o
+
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E =
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o
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o
+
L -
g T T T T T I
t-45 t30 t-15 t t+15 t+30
t-time

2.0

1.5

1.0

0.5

c

Brightness Temperature (K)

lce (kg/km® )

6.0e+07 1.0e+08 1.4e+08

2.0e+07

b) Radar Non-Precipitation Ice and
Tri—spectral Glaciation Signature

— — LRadarlce N
---- L Satellite Glaciation N
=
I | I I I I
t-45 t+30 t-15 t t+15 t+30
t-time

Brightness Temperature (K)

Non-precipitating ice mass for the top 1 km of the cloud (black solid line) for the
lightning storms compared to the satellite tri—spectral glaciation field (a) and the 8.7 —
10.8 um glaciation field (b), both in dashed lines.

Mecikalski/lCWG2014
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Cloud & Echo Top Heights

Lightning-producing
convection is deeper,
with a more pronounced
updraft.

Mecikalski/lCWG2014

Radar and Sounding Height (km)

10.0 12,5 15.0 17.5

7.5

5.0

2.5

Radar Echo Top Height, Sounding Height

and Satellite 10.8 pm Updraft
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---- L Satellite Updraft
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— NRadarEcho Top |
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N Sounding Height
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|
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2012-2015 NSF Project — Science Hypotheses

1. The kinematic and microphysical processes related to lightning
development and evolution can be better understood through the
combined use of satellite IR and retrieved cloud properties (e.g., cloud
optical depth, particle effective radius, ice-water path), dual-pol radar
observation, NWP (i.e. WRF LFA), and lightning fields (from LMA).
Observed lightning will be a function of environmental factors.

2. The physical processes related to total lightning amount (flash density
rates) in convective storms can be understood through analysis of
GOES/MSG IR imagery, satellite-derived quantities, C-/S-/X-band dual-pol
radar, and unique field observations from CHUVA.

3. Developing accurate, short-term quantitative predictions of initial
lightning occurrence, lightning rates, and total lightning activity can be
obtained with combined use of dual-pol radar observations, satellite fields,
and NWP model data.

4. Aerosol-lightning relationships that enhance predictability of lightning
amounts can be established by incorporating readily available aerosol
retrievals.




Objectives 1 & 2 — Basic Understanding

7/ January 2012

Jason Apke

Example of CHUVA X-band radar data (left) with lightning data colored by time
(right). These data are soon to be combined with 15 minute temporal resolution
MSG data, covering 12 spectral channels.

ot'ec
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4 September 2012 Reflectivity cross
section with North Alabama LMA
resolved VHF radiation sources
shown with stars (top left), reflectivity
PPI at the same time (top right) and
GOES SRSO 10.7-ym Tg coldest
pixel (found in a cluster identified with
WDSS-II K-means and watershed
clustering) with first bubble lightning
initiation (LI) shown with a red line
and second bubble LI shown with a
green line (bottom left).

Jason Apke



Objectives 1, 2 & 3: CHUVA GLM-Vale do Paraiba Campaign
(2011 November — 2012 April)

* Analyze radar data for in-cloud processes, satellite data for cloud top properties, and lightning
data — lighting activity behavior to form relationships between lightning, in-cloud processes and
satellite-observed fields.

* Generate 3-D view from bottom to top imaging processes related to the change in lightning
activity — examine cloud top properties before and after LI, quantify with respect to lightning
source amounts; determine precursors in satellite data for prediction of total lightning amount.

2012-02-10 1354 UTC 2 km CAFPI
2 I L L

4] 10 20 30 40 50 60

* Level-2 reflectivity at 2 km altitude from S- 2
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LMA data — Vale do Paraiba campaign

1400-1500 UTC 2012-02-10
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X-Band Reflectivity 1400 — 1500 UTC on 2012-02-10
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Terra MODIS Aerosol Optical Depth Aqua MODIS Aerosol Optical Depth O bj ect | ve 4
32' N

Examples of 4 satellite-
based optical depth
retrievals around the
greater Houston area
on 18 March 2013.
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Comparing MODIS and AERONET for the 20 most pristine
and polluted days in 2013
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Mecikalski/lCWG2014

30



Also... New in 2014: Putting the satellite, radar, NWP (WRF model) diagnostics
and LMA/pseudo-GLM fields together into one “lightning threat” nowcasting
system

(a) GOES-R CI cloud object tracking
(b) WDSS-II object tracking with projected lightning threat (location, amount) areas
(c) Real-time monitoring of lightning on a per-cell basis, on to cessation

Multi-Source Lightning Prediction Algorithm (MSLPA)
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Lightning Threat Product (Iskenderian et al. (2014)

Radar, Visible Satellite,
& CG Lightning Initiation
Regions

Valid
1830UTC

1 km Resolution

Valid
1830UTC

Use of WRF to determine flash density (McCaul et al. (2009)
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Per-cell monitoring of lightning, using local

LMAs where available (pseudo-GLM data),
GLD360/ENTLN, and GLM when available to

provide per-storm statistics.
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Working in collaboration
with NASA SPoRT,

development of training
and transition materials.
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