
  

Where are the lightning maximums on Earth?Where are the lightning maximums on Earth?

Low-orbit  satellites, like TRMM, have a high spatial coverage but low temporal resolution. TRMM has 

an orbit passage of ~0.5 times per day at the Equator and nearly 2 times at 35o  of latitude, and LIS 

observations results in a maximum of ~100 s during each passage.  In this study, we present a new 

higher resolution total lightning climatology for the tropics based on 11 years (1998-2008) of LIS 

measurements.

LIS view time and number of flashes for each orbit were computed at ¼o  X ¼o  (previous work 

considered ½o  of latitude with 2 ½o  of latitude spatial moving average to overcome low temporal 

resolution of  low-orbit satellites – Christian et al., 2003). The minimum and maximum LIS view time was 

3.4 days along the Equator and 13.6 days at ±33o  of latitude. The total lightning flash rate climatology 

maps are generated by a cumulative method, i. e. the ratio between the sum of all flashes and total view 

time for each horizontal grid point of analyzed periods. A ranking of the highest flash densities for 5 

continental regions is also presented, based on the largest valued grid point in a 1ox1o  area. The 

continental regions are divided into rectangles that encompass most of the world's tropical 

continents/landmasses: North America, Latin America, Africa, Asia, and Oceania. Place names nearest the 

ranked flash rate peaks are from the GEOnet Names Server (GNS) (National Geospatial-Intelligence 

Agency – NGA). 

1. Overview1. Overview
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2. Global features2. Global features

Land Land vs. Ocean:vs. Ocean: 

deep convection (associated to lightning production) occurs more frequently over continental than 

oceanic environments;

however, some coastal-oceanic regions have  1.0-10 flash km-2 year-1 (frequent extratropical 

cyclones and large scale convergence zones – SACZ, SPCZ, ITCZ).
Seasonal cycle:Seasonal cycle:  

Latitudinal mean: 

captures seasonal movement of the Sun, with maximums during Summer;

major peaks are associated to the position of ITCZ (6.3 fl km-2 yr-1 at 3oS during DJF, and 

9.0 at 11oN during JJA);

Longitudinal mean: 3 major regions of lightning activity

Americas: MCS over Argentina, Brazil and Paraguay (SONDJF – 11.3 fl km-2 yr-1 at 57oW) + 

convection over Amazon (SON);

Africa: higher lightning activity during all seasons, mainly at Congo basin, with two peaks 

(Mitumba Mountains – 17.4 fl km-2 yr-1 at 27oE; central-west basin – 17.6 flash km-2 year-1 

at 22oE);

Maritime Continent: lower activity, with a maximum over Strait of 

Malacca+Cambodia+Vietnam (8.1 fl km-2 yr-1 at 102oE) during MAMJJASON, shifting to 

Australia (7.6 fl km-2 yr-1 at 125oE) during austral summer (DJF); 

3. Maximums3. Maximums
  The “Lighthouse of Catatumbo”The “Lighthouse of Catatumbo”: : 

The lightning maximum on Earth is over Lake Maracaibo, Venezuela, with 185 fl km-2 yr-1.

The total lightning diurnal cycle is marked by a major peak at 02:00-03:00 LST (150 fl km-2 yr-1).

This nocturnal maximum is driven by the very unique characteristics of the local geographic features:

 located between the most northern ridge of Andes Mountains, molding a fork around the lake;

 low-level wind convergence over the lake during the night (land and mountain breezes);

 the lake water temperature is very high (mean min. of 28.7oC to a mean max. of 30.9oC);

 (low-level convergence) + (warm water) = perfect scenario for development of thunderstorms!

Nocturnal thunderstorms over Lake Maracaibo are so frequent that their lightning activity is locally 

known as the “Lighthouse of Catatumbo”. The “Lighthouse of Catatumbo” was used as a guide by 

Caribbean navigators in colonial times (Codazzi, 1841)

The “ever-active CongoBasin”:The “ever-active CongoBasin”:  

   

The second most frequent region of lightning on Earth occurs at the foothills of Mitumba Mountains, 

Democratic Republic of Congo, near Lubongo with 157 fl km-2 yr-1.

Activity >50 fl km-2 yr-1 is observed over ~320,000 km2 west of these mountains.

Diurnal cycle shows higher flash rate density during the afternoon, with some activity at the night 

(MCS).

Two seasonal maximums coincident with the twice-yearly passage of ITCZ:

Central Africa rainbelt lies between the two midlevel (650 mb) African Easterly Jets (the Northern 

Hemisphere – AEJ-N, and the Southern Hemisphere – AEJ-S), which migrate seasonally with the 

ITCZ, and are evident from August to November (Nicholson and Grist, 2003; Jackson et al., 2009).
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