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ABSTRACT

In 2001, the National Weather Service (NWS) began a Lightning Safety Awareness Campaign to reduce

lightning-related fatalities in the United States. Although fatalities have decreased 41% since the campaign

began, lightning still poses a significant threat to public safety as the majority of victims have little or no

warning of cloud-to-ground lightning. This suggests it would be valuable to message the threat of lightning

before it occurs, especially to NWS core partners that have the responsibility to protect large numbers of

people. During the summer of 2018, a subset of forecasters from the Jacksonville, Florida, NWS Weather

Forecast Office investigated if messaging the threat of cloud-to-ground (CG) lightning in developing convection

was possible. Based on previousCG lightning forecasting research, forecasters incorporated newhigh-resolution

GeostationaryOperationalEnvironmental Satellite (GOES)-16DayCloudPhaseDistinction red–green–blue (RGB)

composite imagery with Multi-Radar Multi-Sensor isothermal reflectivity and total lightning data to determine if

there was enough confidence tomessage the threat of CG lightning before it occurred. This paper will introduce the

Day Cloud Phase Distinction RGB composite, show how it can add value for short-term lightning forecasting, and

provide an operational example illustrating how fusing these datasets together may be able to provide confi-

dence and extend the lead time when messaging the threat of cloud-to-ground lightning before it occurs.

1. Introduction

The National Weather Service (NWS) has recorded

fatalities due to weather-related hazards in the United

States since 1940 (https://www.weather.gov/hazstat/) and,

based on total fatalities, lightning is the leading cause of

deaths. Currently, the 10-yr average is 27 deaths annually,

which is ranked seventh and behind the two leading causes

of weather-related fatalities: heat (10-yr average of 101

annual fatalities) and flooding (10-yr average of 95 annual

fatalities). When lightning fatalities are ranked by state,

they occur most frequently in Florida and coincide with

the highest cloud-to-ground (CG) lightning flash densities

in the United States (e.g., Huffines and Orville 1999;

Rudlosky and Fuelberg 2010; Holle et al. 2016). Be-

tween 2008 and 2018, 54 lightning fatalities occurred in

Florida—more than twice the number inTexas, whichwas

the secondmost during the same period. Although Florida

is susceptible to lightning fatalities year-round, they occur

most often during the warm season (June–August) when

convection and lightning flash densities are greatest

due to diabatic processes and the development of sea-

breeze convergence zones (Hodanish et al. 1997).

Overall, lightning-related fatalities in the United

States have decreased dramatically since the 1970s

and dropped an additional 41% after 2001 when the

NWS increased lightning public awareness through

the NWS Lightning Safety Awareness Campaign

(Jensenius 2016). This is likely due in part to the

‘‘When Thunder Roars, Go Indoors’’ slogan that was

developed to mitigate the threat of lightning by en-

couraging people to take shelter at the first sign a
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thunderstorm was approaching. However, Lengyel et al.

(2005) state the majority (54%) of victims in lightning ca-

sualty cases they studied between 1995 and 2002 had little

or no warning the threat of CG lightning was approaching.

Therefore, it would be valuable to message the threat

of lightning before it occurs and recent research has

demonstrated short-term lightning forecasting skill.

To assist with short-term lightning forecasting, nu-

merous studies have shown the applicability of a radar-

based approach (e.g., Buechler and Goodman 1990).

The foundation for these applied research studies is

the noninductive graupel–ice collision thunderstorm

charging theory (e.g., Takahashi 1978; Saunders et al.

2006). In the presence of supercooled liquid water

within a convective updraft, noninductive charging ex-

ists when nonsticking collisions occur between graupel

and smaller, upward moving ice crystals. Baker and

Dash (1994) state when pieces of ice with different

mass (i.e., ice crystal and graupel) are coated with a

negatively charged quasi-liquid layer of water (i.e.,

supercooled liquid) and momentarily collide, the layer

of water is responsible for the exchange of mass. The

smaller ice crystal grows at a faster rate due to diffu-

sion and charges positively. These collisions lead to an

exchange of charge and storm-scale charge separation

(e.g., Chylek et al. 2004; Petersen et al. 2005; Mosier

et al. 2011). The result is the development of a strong

electric field within the updraft and subsequent light-

ning (Zipser and Lutz 1994; Gremillion and Orville

1999). Therefore, the majority of short-term lightning

forecasting research has been based on using radar

data to identify the presence of graupel within the

mixed-phase region (i.e., between 2108 and 2208C)
of a developing updraft. Studies such as Vincent et al.

(2003), Wolf (2007), Mosier et al. (2011), and Seroka

et al. (2012) used radar reflectivity thresholds at iso-

thermal levels to objectively and statistically determine the

best CG lightning forecast criteria. While the results from

those studies are slightly different, the majority of recent

radar-based research suggests using a 40-dBZ re-

flectivity threshold at the2108C isotherm produces the

best lightning forecasts in terms of the critical success

index (Mosier et al. 2011). The Multi-Radar Multi-

Sensor (MRMS) system, developed at the National Se-

vere Storms Laboratory and the University of Oklahoma,

provides operational isothermal radar reflectivity at the

08, 2108, and 2208C levels using WSR-88D reflectivity

and the vertical profile of environmental temperature

from Rapid Refresh model analysis (Smith et al. 2016).

Dual-polarization (DP) radar observations provide

the ability to identify hydrometers relevant to non-

inductive charging, such as graupel, hail, and super-

cooled raindrops (Woodard et al. 2012; Kumjian

2013). Studies such as Goodman et al. (1988), Jameson

et al. (1996), and Bringi et al. (1997) used DP differen-

tial reflectivityZDR ($0.5–1.0 dB) to identify columns

of supercooled raindrops within the mixed phase of

updrafts to anticipate initial lightning. In Woodard

et al. (2012), ZDR columns were used with horizon-

tal isothermal reflectivity to investigate the initia-

tion of total lightning in 31 thunderstorms and 19

nonthunderstorms across northern Alabama. When

compared against the 40-dBZ threshold at the 2108C
isotherm benchmark used in previous research, they

found ZDR (1.0 dB with 40dBZ at 2108C) was effective
at reducing false alarms but provided little advancement

in lead time and did not significantly improve current

operational reflectivity-based lightning prediction algo-

rithms. These results were supported by Scott and Carey

(2014) where only modest improvements when using

DP observations were found. Although the ZDR

columns identified in Woodard et al. (2012) were

found using quasi-horizontal cross sections, the most

common approach is to use vertical cross sections

through the storm’s core. In an operational environ-

ment, using vertical cross sections are time consuming

when interrogating multiple cells and integrating mul-

tiple datasets. Furthermore, horizontal cross sections

can be challenging when using temperature thresholds

because the height of radar bins increase away from

the radar on constant elevation scans. To eliminate

the difficulty with using horizontal cross sections, it is

common for to compute and use isothermal Z or ZDR

(Schultz et al. 2013). However, isothermal ZDR is not

available to operational meteorologists at this time.

Intracloud (IC) lightning detections, from the

National Lightning Detection Network (NLDN;

Cummins and Murphy 2009) and Earth Networks

Total Lightning Network (ENTL; Liu and Heckman

2012), have also been used for short-term CG light-

ning forecasting. The strong electric field that de-

velops within a convective updraft often initiates IC

lightning before CG lightning. Krehbiel (1986), and

others, state this occurs because 1) the electric field

above the negative charge region in an updraft is

stronger than the electric field below, and 2) the

critical electric field required for discharges is smaller

at lower atmospheric pressure higher in the updraft.

Furthermore, Bruning and MacGorman (2013) and

Calhoun et al. (2013) formulated that high IC flash

rates occur due to turbulent motions near the updraft

core where noninductive charging from graupel–ice

crystal collisions is favored. These reasons are why

IC lightning tends to occur 5–10 times more often

during the life cycle of a thunderstorm (Krehbiel

1986) and why IC lightning is directly correlated with
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updraft intensity (e.g., Goodman et al. 2005; Tessendorf

et al. 2005; Deierling and Petersen 2008; Gatlin and

Goodman 2010). With the advent of IC lightning de-

tections from the NLDN and ENTL, the research

community has applied these datasets for short-term

lightning forecasting. Holle et al. (2016) found using

NLDN IC lightning as a precursor for the first CG

lightning strike increased the probability of detec-

tion of subsequent CG strikes by 13% over just using

CG lightning detections alone. After analyzing 13 years

of Northern Alabama Lightning Mapping Array

data around NASA’s Marshall Space Flight Center,

Schultz et al. (2017) found that IC lightning occurred

before CG lightning 75% of the time with a median

lead time of 8 min before the first CG lightning

detections.

The launch of the first two satellites in the Geosta-

tionary Operational Environmental Satellite (GOES)-R

series, GOES-16 and GOES-17, has brought state-of-

the-art detection of atmospheric threats courtesy of the

Advanced Baseline Imager (ABI). In addition to the

increases in spatial and temporal resolution, the ABI

includes a 16-band radiometer, with 2 visible channels,

4 near-infrared channels, and 10 infrared (IR) channels

(Schmit et al. 2005) that offer operational meteorolo-

gists new diagnostic capabilities. However, more in-

formation can be obtained quicker by combining

several multispectral channels into a single red–green–

blue (RGB) composite image. RGB composites are

created by assigning specific spectral channels or

channel differences to red (R), green (G), and blue

(B) colors. When combined into a false color RGB

composite, the image can be used as a decision aid to

enhance specific meteorological features (Elmer et al.

2016; Fuell et al. 2016).

The GOES-16/17 have given operational meteorol-

ogists in the Western Hemisphere the ability to ob-

serve the cloud-top dominant particle type and implied

charge separation process in developing convection

from a geostationary perspective for the first time.

Although only operational for a little over a year,

these capabilities may provide the opportunity to en-

hance short-term lightning forecasting and National

Weather Service (NWS) Impact-based Decision Sup-

port Services (IDSS). Therefore, the purpose of this

operationally relevant forecaster’s forum article is

twofold: to introduce how the Day Cloud Phase

Distinction (DCPD) RGB composite can be used for

short-term forecasting of initial CG lightning when

integrated with MRMS and total lightning data, and

to show how this information can be used to message

the threat of lightning before it occurs to enhance the

IDSS provided to NWS core partners.

2. Day Cloud Phase Distinction RGB composite

The DCPD RGB composite is created by using

(R,G,B)5 255

�
(TB, DTB, R, DR)2MIN

MAX2MIN

�(1/gR,G,B)
,

(1)

where (TB, DTB, R, DR) is the brightness temperature

(BT), brightness temperature difference (BTD), re-

flectance, or reflectance difference, respectively; MAX

is the upper threshold value; MIN is the lower thresh-

old value; and g is the gamma enhancement value

(EUMETSAT 2009; Zavodsky et al. 2013; Elmer et al.

2016; Fuell et al. 2016). The DCPD RGB uses the

following three GOES-R spectral bands: 10.35mm

(clean infrared), 0.64mm (red visible), and 1.61mm

(snow/ice). The red component of the DCPD RGB

uses the inverse of the 10.35-mm BT ranging from 7.58
to 253.58C to indicate surface and cloud-top BTs. A

small red component pixel contribution (warm BT)

indicates sensing warm land, warm water, or low clouds

and a large red component pixel contribution (cold BT)

indicates cold land, high clouds, or snow. The green

component uses the 0.64-mm reflectance ranging from

0% to 78% and physically relates to the reflectance of

clouds, land, and water surfaces. Therefore, the green

component can distinguish between highly reflective

surfaces (large green contribution) such as clouds,

snow, and white sand and surfaces with lower reflec-

tance (small green contribution) such as water and

vegetative land. The blue component uses the 1.61-mm

reflectance ranging from 0% to 59% to indicate the

particle phase of a pixel. A large contribution from

the blue component indicates a highly reflective sur-

face (e.g., liquid clouds) and a small contribution indi-

cates poorly reflective surfaces (e.g., ice clouds).

After combining the RGB color components, an ex-

ample of the DCPD RGB composite false color image

from 21 March 2018 is shown in Fig. 1. When inter-

preting RGB composites, it is important to remember

colors physically relate to cloud microphysics, atmo-

spheric features, and/or land features. In the DCPD

RGB composite example, the following are present:

low-level liquid clouds (cyan), midlevel liquid clouds

(lavender), glaciating clouds (green/yellow; i.e., mixed-

phase cloud), thin upper-level ice clouds (orange), thick

upper-level ice clouds (yellow), and snow/ice (green).

This example illustrates one of the strengths of the

DCPD RGB composite when compared to 0.64- or

10.35-mm single-band imagery: the ability to quickly

identify different cloud layers and phases. For exam-

ple, in the DCPD RGB composite thick upper-level
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ice clouds are yellow because there are large red (cold

BT) and green component (highly reflective clouds)

contributions with a small blue component (lower re-

flective ice clouds) contribution. Another strength of

the DCPD RGB composite is the ability to easily dif-

ferentiate snow from clouds, which can be important

for short-term temperature forecasts. This is illus-

trated in Fig. 1 across the northern plains and Northern

Mississippi Valley where snow cover and low-level

liquid clouds are adjacent. Snow is green because there

is a large green component (highly reflective) contri-

bution with small red (warm BT) and blue component

(low reflectance) contributions.

In developing convection, previous research has

shown the value of using the legacy 3.9-mm (shortwave

infrared) and 10.7-mm (longwave infrared)GOES bands

for initial lightning forecasting (e.g., Harris et al. 2010;

Mecikalski et al. 2013). The legacy 10.7-mm band and

its time trend are proxies for cloud-top cooling and

can discriminate between immature and mature

cumulus clouds (Mecikalski and Bedka 2006). The

3.9-mm reflectance infers cumulus clouds with signifi-

cant updrafts that are glaciating at cloud top, an indi-

cator of ongoing noninductive charging (Mecikalski

et al. 2013). In the GOES-R era, the DCPD RGB

composite can be used for observing cloud growth

and dominant cloud-top particle type. As a cumulus

cloud grows vertically into agitated cumulus to tow-

ering cumulus before becoming a mature cumulonim-

bus with IC and/or CG lightning, the particle type at

the top of the cloud changes from liquid tomixed phase

(i.e., liquid, supercooled liquid, and ice crystals) to

predominantly ice crystals (Chylek et al. 2004 and il-

lustrated in Fig. 2). The result in the DCPD RGB

composite is a vertically developing convective up-

draft that changes from cyan to green/yellow (com-

paring GOES-16 inset in Figs. 2a and 2c). The reason

for the change in the DCPD RGB composite is two-

fold. First, as the updraft grows vertically the cloud-

top temperature associated with the 10.35-mm spectral

band (10.7-mmbrightness temperature in legacy GOES)

decreases and the red contribution to the RGB com-

posite increases. Second, as ice crystals reach the top

of the updraft, both reflectance in the 1.61-mm spec-

tral band (3.9-mm reflectance in legacy GOES) and the

blue contribution to the RGB composite decrease. This

is shown in the GOES-16 DCPD RGB composite ex-

ample in Fig. 2, where the percent of the red component

increases from 18% to 57% (based on color saturation of

100%) and the percent of the blue component decreases

FIG. 1. Example of theGOES-16Day Cloud Phase Distinction RGB composite valid at 1637 UTC 21 Mar 2018 illustrating cloud layers,

cloud types, snow, and ice.
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FIG. 2. Conceptual model and associatedGOES-16DayCloud PhaseDistinctionRGB composite illustrating the

transition of (a) mostly liquid cumulus, (b) supercooled towering cumulus, (c) and mixed-phase towering cumulus

as charge separation occurs due to noninductive charging theory. Isotherms in the conceptual model highlight key

temperature thresholds important for observing the cloud-top phase change during charge separation, red positive

and negative symbols depict the electric charge distribution in a typical thunderstorm, and the red circle in each

GOES-16DayCloud PhaseDistinctionRGB composite inset is the location where red, green, and blue component

single band values and percentage of color saturation (0%–100%) were observed.
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from 66% to 36%. Finally, since cumulus, towering cu-

mulus, and cumulonimbus clouds are highly reflective,

the 0.64-mm spectral band reflectance and green con-

tribution to the RGB composite are both large as a

convective updraft intensifies. Therefore, the green

component does not tend to fluctuate in developing

convection. The main limitations in using the DCPD

RGB composite to monitor the cloud-top phase change

are that it is a daytime only application, low solar angles

impact the reflectance values of 0.64 and 1.61mm near

sunrise and sunset, and deep convection with dense

cirrus overcast (e.g., associated with mature squall

lines and mesoscale convective systems) can obscure

the development of new convection.

3. Messaging the threat of lightning—An
operational example

To leverage and exploit the increase in lead time for

lightning initiation by using radar and geostationary

satellite data together, as suggested by Mecikalski et al.

2013, an operational example is presented that shows

how integrating the DCPD RGB composite, MRMS

isothermal reflectivity, and total lightning data can allow

for the anticipatory communication of CG lightning

threats to NWS core partners. During the summer

of 2018, as a proof of concept, a subset of forecasters

from the NWS Weather Forecast Office (WFO) in

Jacksonville, Florida, attempted tomessage the threat of

CG lightning in developing convection before it oc-

curred. Since an official NWS lightning product does not

exist, forecasters used Twitter to disseminate lightning

threat messages while monitoring developing convec-

tive updrafts in populated areas. When forecasters were

confident a liquid to mixed-phase transition was occur-

ring in the DCPD RGB composite, MRMS isothermal

reflectivity suggested graupel was developing in the

updraft, and charge separation was imminent, a tweet

would be sent stating the threat of lightning was in-

creasing over the next 15–30min. The following is

an operational example that highlights how NWS

Jacksonville forecasters used the GOES-16 DCPD

RGB composite, MRMS isothermal reflectivity, and

ENTL data to message the threat of CG lightning to

core partners and the general public.

At 1500 UTC 21 June 2018, a weak surface trough

was analyzed in surface observations and GOES-16

CONUS (i.e., 5-min temporal cadence) satellite imagery

moving southeastward across northeast Florida (Fig. 3,

top). Ahead of the surface trough, showers and thun-

derstorms were ongoing southwest of Ocala, Florida,

and towering cumulus were developing eastward to

Daytona Beach, Florida. Behind the trough, northwest

flow prevailed and by 1632 UTC a cumulus field was

developing inland across Clay and Putnam Counties

and along the sea breeze boundary across St. Johns and

Flagler Counties (Fig. 3, bottom). Along the East

Coast sea breeze, under large-scale westerly and

northwesterly flow, initial deep convection often de-

velops when the upward branch of the sea breeze cir-

culation is anchored along the coast. Therefore,

convection can be more common near the beaches and

northeast Florida beachgoers are more susceptible to

the threat of lightning if convection develops.

At 1642 UTC, NWS Jacksonville forecasters were

monitoring towering cumulus that developed along

the Clay and Putnam county line (Fig. 4a) and by

1702 UTC a dominant updraft was visible in both

the DCPD RGB composite and MRMS 2108C iso-

thermal reflectivity in far northeastern Putnam County

(Fig. 4b). In the GOES-16 DCPD RGB composite,

cloud tops were cyan (i.e., mostly liquid) and MRMS

reflectivity was ;30dBZ within the updraft. Ten min-

utes later, at 1712 UTC, the updraft continued to

strengthen and the DCPD RGB composite and

MRMS data suggested charge separation had begun

(Fig. 4c). Graupel was likely present in the updraft

as.40 dBZ was observed in MRMS2108C isothermal

reflectivity data. Additionally, the DCPD RGB com-

posite provided confidence that charge separation was

taking place as small ice crystals began to reach the top

of the updraft, depicted by the green/yellow cloud

tops. The change in the DCPD RGB composite ap-

pearance can be shown quantitatively by examining

the evolution of each component’s color saturation

when sampled at the top of the updraft (Fig. 5). Be-

tween 1702 and 1707 UTC, the contribution of the

RGB composite’s blue component (i.e., 1.61-mm re-

flectance) decreased from 66% to 35% due to a de-

crease in reflectance from 38.9% to 20.4% as ice

crystals became the dominant particle type at the top of

the updraft. As the updraft grew, cloud-top tempera-

ture cooled from 23.18 to 222.28C between 1707 and

1712 UTC and the contribution of the RGB composite’s

red component increased from 17% to 49%. These

physical changes at the top of the updraft are responsible

for the evolution of hue from cyan to green/yellow in the

DCPD RGB composite. Using MRMS isothermal re-

flectivity and a basic understanding of noninductive

charge theory as visualized via the DCPD RGB com-

posite, the forecaster monitoring the developing con-

vection became confident that IC and CG lightning were

imminent. At 1717 UTC the first ENTL IC lightning

occurred, and at 1721 UTC the first ENTL CG light-

ning was observed; approximately 12min after charge

separation was implied in the DCPD RGB composite.
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Because this thunderstorm was developing in rural

Putnam County, a lightning threat message was not

posted to Twitter.

While convective initiation was occurring in Putnam

County, at 1702 UTC along the beaches of St. Johns

County, towering cumulus was developing in the

GOES-16 DCPD composite along the sea breeze

boundary from Vilano Beach to St. Augustine Beach,

Florida (Fig. 6a). At this time, the cloud tops of the

towering cumulus were cyan and exhibiting slow,

steady growth. By 1717 UTC, two dominant towers

were evident in GOES-16 imagery and MRMS 2108C
isothermal reflectivity; one just west of Vilano Beach

and one just west of St. Augustine Beach (Fig. 6b).

Five minutes later, at 1722 UTC, the DCPD RGB

composite transitioned to green/yellow just west of

St. Augustine, indicating ice crystals had begun to

reach the top of that convective tower (Fig. 6c). This is

FIG. 3. (top)GOES-16 0.64- and 10.35-mmmerged imagery with surface observations valid at 1402 UTC 21 Jun

2018 over the northern Florida peninsula. The white dashed line indicates the subjective location of the surface

trough. (bottom) As in the top panel, but for the northeast Florida peninsula and valid at 1632 UTC. Florida

counties of Clay, St. Johns, Putnam, and Flagler are labeled.
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due to the contribution of the DCPD RGB composite

blue component decreasing from 68% to 39% as

1.61-mm reflectance decreased from 40.1% to 23.3%

(Fig. 7). Based on the implied charge separation in

the DCPD RGB composite and defined vertical

growth over the last 20min, NWS Jacksonville fore-

casters were confident enough to message the threat

of lightning at 1724 UTC for vulnerable beachgoers at

Vilano Beach and St. Augustine Beach (Fig. 8). Over the

next five minutes, the updraft continued to intensify. At

1729 UTC, a well-defined 40-dBZ echo was apparent

in MRMS 2108C isothermal reflectivity just west of

St. Augustine Beach and the first IC lightning was ob-

served in ENTL data (Fig. 6d). At 1733 UTC, the first CG

FIG. 4. (a)–(e) GOES-16 Day Cloud Phase Distinction RGB composite on the left

and MRMS 2108C isothermal reflectivity (dBZ; shaded according to scale) with ENTL

IC (white squares) and ENTL CG (red positive and negative symbols) lightning ob-

servations on the right valid at (a) 1642, (b) 1702, (c) 1712, (d) 1717, and (e) 1721 UTC

21 Jun 2018.
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lightning occurred one-quarter mile southwest of

St. Augustine Beach (Fig. 6e); 9min after the initial light-

ning threat tweet was sent.

These two examples demonstrate how the DCPD

RGB composite strengthens the short-term CG light-

ning forecasting conceptual model. The DCPD RGB

provides forecasters the ability, in real time, to moni-

tor the cloud-top phase change of developing cumu-

lonimbus clouds at high temporal and spatial resolution

with low latency; a capability not possible with legacy

GOES-13/14/15 data (Gravelle et al. 2016). Integrating

this satellite imagery may provide the forecaster with

the confidence to forecast, rather than hindcast, the

threat of lightning when requested for IDSS.

4. Discussion

The purpose of this forecaster’s forum article was

to introduce the GOES-16 DCPD RGB composite

to operational forecasters and demonstrate how us-

ing that imagery with MRMS isothermal reflectivity

and total lightning data can provide confidence

when messaging the threat of initial CG lightning in

developing convection. Using this approach, be-

tween 1 June and 1 August 2018, a subset of NWS

Jacksonville forecasters messaged the threat of lightning

45 unique times before it occurred. As in the example

presented from 21 June 2018, the messaging was tar-

geted to vulnerable populations (i.e., those possibly

participating in outdoor leisure activities in populated

areas) in the Jacksonville, Gainesville, and St. Augustine,

Florida, areas, along the beaches of northeast Florida and

southeast Georgia, and along the St. Johns River.

While Twitter was the arena for the lightning threat

messages, disseminating lightning threats publicly was

never the end goal. In geographic areas where con-

vection and associated lightning threats are common,

such as in locations that frequently experience pulse

and sea breeze convection, messaging the threat of

lightning for every thunderstorm is neither feasible nor

warranted. Instead, working with NWS core partners

to determine their needs within an IDSS framework

can result in a more meaningful approach to lightning

threat information. Coordinating critical timing thresh-

olds with public safety officials to provide them lightning

messaging when thunderstorms are developing near

outdoor events or venues, such as outdoor sporting

events or public beaches, is achievable. For example,

on 3 August 2018 NWS Jacksonville forecasters were

providing remote IDSS and lightning threat messages

to law enforcement facilitating an active shooter drill

at a local high school. Using the GOES-16 DCPD

RGB composite, MRMS isothermal reflectivity data,

and total lightning data, forecasters alerted law en-

forcement that CG lightning was possible 34min before

the first CG lightning occurred. In this case, forecasters

provided the IDSS to law enforcement through a phone

call. However, a more efficient dissemination method

FIG. 5. Putnam County storm time series of GOES-16 Day Cloud Phase Distinction RGB composite red component color saturation

(%; red solid trace), green component color saturation (%; green solid trace), and blue component color saturation (%; blue solid trace),

MRMS 2108C isothermal reflectivity (dBZ; black dotted trace), initial ENTL in-cloud lightning (vertical gray bar), and initial ENTL

cloud-to-ground lightning (vertical black bar) between 1632 and 1722 UTC 21 Jun 2018.
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FIG. 6. (a)–(e)GOES-16Day Cloud PhaseDistinctionRGB composite on the left andMRMS2108C isothermal

reflectivity (dBZ; shaded according to scale) with ENTL IC (white squares) and ENTL CG (red positive and

negative symbols) lightning observations on the right valid at (a) 1702, (b) 1717, (c) 1722, (d) 1729, and

(e) 1733 UTC 21 Jun 2018.
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may be to use a modified version of the wildfire notifi-

cation tool developed by the NWS WFO in Norman,

Oklahoma (Lindley et al. 2016). The notification tool

can be integrated within the NWS Advanced Weather

Interactive Processing System to efficiently communi-

cate lightning threat information and IDSS to core

partners that need tomake quick public safety decisions.

During the NWS Jacksonville proof of concept,

forecasters gained confidence with integrating the

discussed datasets to message the threat of lightning

before it occurred in predominately sea-breeze con-

vection regimes with weakly forced, isolated convec-

tion. Although verification metrics and lead time

statistics are essential in determining the added value

of incorporating the DCPD RGB with other short-

term lightning forecasting methods, they can be re-

source intensive outside the research community and

are beyond the scope of this publication. One method to

address this challenge would be to determine and doc-

ument when rapid changes occur in the blue and red

FIG. 7. St. Augustine storm time series ofGOES-16Day Cloud Phase Distinction RGB composite red component color saturation (%;

red solid trace), green component color saturation (%; green solid trace), and blue component color saturation (%; blue solid trace),

MRMS 2108C isothermal reflectivity (dBZ; black dotted trace), initial ENTL in-cloud lightning (vertical gray bar), and initial ENTL

cloud-to-ground lightning (vertical black bar) between 1647 and 1737 UTC 21 Jun 2018.

FIG. 8. (left) NWS Jacksonville WFO tweet sent at 1724 UTC 21 Jun 2018 messaging the threat of CG lightning

near St. Augustine Beach and Vilano Beach. (right) NWS Jacksonville WFO tweet sent at 1736 UTC 21 Jun 2018

messaging the occurrence of cloud-to-ground lightning at St. Augustine Beach.
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components of the DCPD RGB as the convective

updraft intensifies, as shown in Figs. 5 and 7. Occasion-

ally, there were times when charge separation was im-

plied in the DCPD RGB composite but the result was

orphan anvils (Gravelle et al. 2016; Line et al. 2016) that

did not produce IC or CG lightning. Within a near-

tropical environment driven by mesoscale forcing, these

convective initiation ‘‘failures’’ in the DCPD RGB

could be the result of weak inhibition where early at-

tempts at deep moist convection occur before the sea-

breeze circulation develops. The result is numerous

scattered showers within weak updrafts that lack the

graupel necessary to initiate the noninductive charging

process (Fig. 2a and Bringi et al. 1997). While false

alarms were not common, their occurrence suggests the

need for robust applied climatological research using

these tools for short-term lightning prediction. As dis-

cussed in section 1, the short-term CG lightning pre-

diction studies in the literature have focused on using

individual datasets (e.g., isothermal radar reflectivity

or total lightning data). To provide the most applica-

ble results to the operational community, it is critical

that future verification research integrates GOES-16,

MRMS, and total lightning data from ground-based

and satellite-based sensors. Not only would these re-

sults provide integrated verification metrics, they would

assist NWS forecasters with communicating the limits

of predictability of CG lightning at specific lead times

to core partners. In addition to understanding verifica-

tion statistics, it is important for operational forecasters

to continue to apply new technology and guidance to

short-term lightning forecasting. For example, including

machine learning short-term lightning probabilistic

guidance that uses big data (Meyer et al. 2016; Calhoun

et al. 2018) into this process may allow NWS forecasters

to message the threat of CG lightning even better in the

next few years.
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