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Background The Tropical Cyclone Diurnal Cycle as Observed by GLM
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* Increased lightning in tropical cyclones (TCs) is typically associated with intensification (e.g. Molinari et al. 1999; " SO : - 76.8 Hurricane Dorian exhibited a classic “diurnal e 31 August
Stevenson et al. 2014), but significant lightning outbreaks are also observed in weakening storms (Xu et al. 2017). ., ’ pulse” of cold cloud tops (Dunion et al. 2014). s Sty
* The total number of lightning flashes in a TC is not always a reliable indicator of TC intensity evolution. 21N w . al *,, 57.6 On both 30 and 31 August, a wave-like pulse e l oo, g "
e |ssues with the range and detection efficiency of ground-based networks, particularly for intracloud lightning. 26°N G R propagated outward from the inner core, with - i B - i
e Physical processes such as vertical wind shear can intensify asymmetric convection while also weakening the TC. * <. e '\ e cooling infrared brightness temperatures on the _ - -
 The commissioning of the Geostationary Lightning Mapper (GLM) aboard GOES-16 and GOES-17 marked, for the ) 22N ’ |, | leading edge and warming infrared brightness - e
first time, the presence of an operational lightning detector in geostationary orbit. E aeN o % temperatures behind (Fig. 5). E = &3 100
* |n addition to flash density (the number of flashes per unit area per unit time), GLM also provides continuous & - 0.0 ; | :
observations of flash area and total optical energy. 23°N _...JF Diurnal pulses in IR brightness temperature 5 | e |
Objectives 22°N | corresponded to outward propagating regions E ' ;!= 60 ; ; Bt eo
-38.4  of lightning observed by GLM (Fig. 6). — |
* Characterize three aspects of the evolution of Hurricane Dorian (2019) using GLM: 24N DC1 had more lightning at all radii, but outward | = . o0z | 0
1. Hurricane Dorian’s rapid intensification leading up to its peak intensity. 20°N | 7% propagation is evident in both DC1 and DC2. ' L& | )
2. Hurricane Dorian’s weakening as it approached the Bahamas. A A m 14:05:05 - 08:05:05 UTC cal* Lightning begins in the inner core overnight, % |
3. The diurnal cycle of Hurricane Dorian. 1200 - 100 km | 160 72°W 71°W 70°W 69°W 68°W 67°W 66°W 65°W but also extended to far outer radii during DC1. | wool & | SNSEE. T I
e The periods that will be analyzed here include: S 200 km Longitude Lightning rapidly ceases at each radius as the Distance from Ctr: binsize=20 km Distance from Cr: binsize=20 km
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== ok [ | Fig. 5. GOES-16 ABI Channel 13 brightness temperature

120 differences computed over a six-hour period. Red shading
denotes warming temperatures over the 6-hour period and
blue shading indicates cooling temperatures.

Fig. 6. Radius-time diagrams of GOES-16 GLM flash counts
summed over 10-minute intervals in Hurricane Dorian for
the periods indicated by “DC1” and “DC2” in Fig. 1. Black
arrows denote an outward propagating region of lightning.

pulse passes by.
Next step: Investigate evolution of flash area
and flash energy throughout diurnal cycle.

 Diurnal Cycles 1 and 2 (DC1 and DC2).
e 30 Aug. and 31 Aug.

 Rapid intensification (RlI).
e 06 UTC 31 Aug. -- 12 UTC 01 Sep.

e Max intensity and rapid weakening (RW).
e 12 UTCO01 Sep.—18 UTC 02 Sep. 2001
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Flash Area and Flash Energy During Dorian’s Rapid Weakening

Fig..l. GOES-1§ GLM fl.ash counts in 30-minute time Rheyrmerrm 2Au PP B S Py e P A A A P More flashes in both inner core and outer radii than during rapid intensification. (a) 13:43:53 UTC 01 September 2019 (b) 13:55:53 UTC 01 September 2019
periods (left axis) within 100, 200, and 300 km of 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 44,021 of the 109,699 flashes (40%) occurred within the smaller domain.

Hurricane Dorian’s (2019) storm center. The black line indicates the maximum wind speed (kt; right axis). The four time e A much smaller percentage of flashes within the storm were in the inner core

periods analyzed here are denoted by the blue boxes DC1, DC2 and the red boxes Rl and RW, described above. compared to the Rl period.

Considerable difference between joint distributions for the larger domain (top row) and

Flash Area and Flash Energy During Dorian’s Rapid Intensification inner-core domain (bottom row).

: . L. . . . C oL : 31 Aug, 0600 to 2359 (first 18 hr of RI) 1 Sep, 1200 to 2 Sep, 0600 (RW)
Little distinction between joint distributions for the larger 500 km: 21,351 flashes 500 km: 109,699 flashes

domain (top row) and inner-core domain (bottom row).
 No discernible difference in total optical energy or
average flash area between inner core and outer radii.

 Average flash area distribution for
inner-core flashes is more spread
out and has many more small
flashes than during RI period.
 Total optical energy distribution

maximizes at lower values for
both the 500-km and 200-km
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18,140 of the 21,351 flashes (85%) occurred within the
smaller domain.
A large percentage of flashes within the storm were in
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200 km: 18,140 flash 200 km: 44,021 flash . . . s o
F' 2 J . d . . b . f fI h . h | . I m At gr?usp cgtsroids At group centroids m At gr?tf) cg'n?roids At group centroids energy d’Str'butlon malelzes at ; ;
ig. 2. Joint distributions of average flash area with total optical much smaller values than during

energy and flash extent density over a large (top row) 500-km- |
square domain and (bottom row) smaller 200-km x 400-km |
domain centered on Hurricane Dorian during the first 18 hours
of the period denoted “RI” in Fig. 1. Bottom red lines denote the :

squared GLM group-to-flash clustering distance (16.52 km?) and ..
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«~+ Fig. 3. Asin Fig. 2, but for the
. first 18 hours of the period
denoted “RW” in Fig. 1.

Average flash area

Fig. 4. GOES-16 ABI Channel 2 visible imagery of Hurricane Dorian with GLM flash locations
(red marks) aggregated over two-minute periods centered on the time of the ABI image.
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1. Hurricane Dorian’s inner core during rapid intensification was characterized by smaller flash extent density but . Characterize GLM flash area and flash energy during intensification and weakening in a large number of TCs. §* Ditchek, S.D., K.L. Corbosiero, R.G. Fovell, and J. Molinari, 2019b: Electrically Active
: : : : : : : : Tropical Cyclone Diurnal Pulses in the Atlantic Basin. Mon. Wea. Rev., 147, 3595-3607.
/argefr averagcff/c’lsl.v area and Iarger totql optical efvergy. . Investigate the relatl9n§h|p betV\./e.en eyveaII me.sc?vor.tlces and Ilght.nmg, and the potential to use flash area Dunion, L.P., C.D. Thorncroft, and C.S. Velden, 2014: The tropical cyclone diurnal cycle of
2. Hurricane Dorian’s inner core during rapid weakening had many more flashes but of smaller average flash area and and flash energy statistics to anticipate TC intensification or weakening. mature hurricanes. Mon. Wea. Rev., 142, 3900-3919.
smaller total optical energy. . Analyze how flash area and flash energy change across the TC diurnal pulse. Molinari, J., P. Moore, and V. Idone, 1999: Convective structure of hurricanes as revealed

by Lightning locations. Mon. Wea. Rev., 127, 520-534.
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rapid intensification of Hurricane Earl (2010). Mon. Wea. Rev., 142, 4364—-4380.

a) Potentially associated with enhanced localized ascent forced by mesovortices at the eye-eyewall interface, which
also corresponds to barotropic breakdown of the eyewall and weakening of the TC-scale circulation.
3. Outwa rd—propagating regiOnS of IIghtnlng flashes in Hurricane Dorian are consistent with the trOpicaI CyC|One This work was directly supported by Dr. Tsengdar Lee of NASA’s Research and Analysis Program, Weather Focus Area, as part of the Short-term Prediction Research and Transition (SPoRT) Center at

Xu, W, S. A. Rutledge, and W. Zhang, 2017: Relationships between total lightning, deep
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diurnal pu Ise (DU nion et al. 20 14, Ditchek et al. 20 19) . 66892-27813012. Figure 4 was created by Frank LaFontaine, Fig. 5 by Erika Duran, and Fig. 6 by Matt Smith, all of NASA SPoRT. 7063
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