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Vaisala’s Global Lightning Dataset (GLD360) underwent a
major algorithm upgrade in 2015 that improved the detection
capability of this lightning locating system around the world.
The algorithms have been applied retroactively to historical
data starting on 01 January 2012. In this present study, data
from the latest five years of 2013 through 2017 are used,
totaling 8.8 billion strokes over all oceans and continents. Holle
et al. [2017] showed similar analyses with data from 2012
through 2016. A lightning flash has several individual
discharges within them called strokes. GLD360 detections are
primarily individual cloud-to-ground (CG) strokes, while the
remainder are the typically weaker in-cloud (IC) pulses than
CG strokes. Individual classification of which detection is CG
versus IC is an active Vaisala research topic. The continuous
detection of the location and time of two billion lightning events
each year has resulted in an unprecedented opportunity to
improve the broad-scale view of lightning occurrence [Poelman
et al., 2013; Pohjola and Mäkelä, 2013; Said et al., 2013;
Mallick et al., 2014; Said and Murphy, 2016].

Abstract—Continuous detection by Vaisala’s Global
Lightning Dataset GLD360 network now makes it possible
to examine lightning across the globe. This study apportions
continent-scale detection of 8.8 billion strokes from 2013
through 2017 by month through the year. Northern
Hemisphere lightning peaks from May through September,
while Southern Hemisphere strokes peak from November
through March. North America, Europe, and Asia have a
concentration of lightning in summer, although the annual
distribution for Asia is not as distinct since part of the
continent extends to the equator. South America and
Australia have peak lightning from November through
February. Africa shows only minor monthly variations
throughout the year since the regions north of the equator
have more lightning in the Northern Hemisphere summer,
and the reverse in the south. These observations, along with
complementary human casualty research, allow for a better
understanding of lightning impacts on life and property
around the world.
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I.

GLOBAL LIGHTNING DETECTION

Real-time, continuous and relatively uniform detection of
much of the lightning over the entire globe was not readily
available until Vaisala’s GLD360 network was established.
Especially important is the detection over less-populated
landmasses and the oceans far from land. No single satellite
continuously monitors all areas of the world, and other groundbased networks require numerous sensors with moderately
short distances between them, such that remote land and ocean
areas are often poorly covered. In contrast, GLD360 uses both
time-of-arrival and magnetic direction-finding techniques at
each sensor, with other attributes to allow geo-location of
lightning strokes at distances up to 7,000 km from each sensor.

INTRODUCTION

Continuous global lightning detection is now possible with
the use of advanced technology that was not previously
available. Better documentation of the occurrence of lightning
can provide a cohesive view of where and when lightning
occurs on the broad scale for identifying and planning for the
effects of lightning on people [Roeder et al., 2015; Holle, 2016]
and infrastructure, as well as studies of geophysical properties.
Comparisons will be made of lightning occurrence over a broad
scale by continent, hemisphere and land-ocean comparisons by
examination of monthly variations through the year.
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Specific features of radio atmospherics that are generated by
lightning discharges are detected by GLD360 in the very low
frequency range through the use of a waveform recognition
algorithm. A propagation correction is applied to account for
the time delay of each waveform feature as it arrives at each
sensor. Due to attenuation with distance, a model is also applied
to the amplitude of the waveform to recover an estimate of the
peak current.
An updated location algorithm was released by Vaisala on
18 August 2015 that doubled the number of detections in the
GLD360 dataset [Said and Murphy, 2016]. The primary
algorithm changes were a more refined propagation model,
improved sensor correlation heuristics, and a more robust
backend infrastructure. All data since 01 January 2012 were
reprocessed with the upgraded detection algorithm. The
resulting map in Fig. 1 shows the dataset for the latest five years
from 2013 through 2017, comprised of 8,761,390,744 strokes.
It is apparent that lightning occurs predominantly over land, and
oceanic lightning tends to be located near the continents rather
than far from land.

Fig. 2. Color depiction of continents used in this study; black line indicates
equator.

III.

HEMISPHERIC AND LAND-OCEAN COMPARISONS

The first comparison is between hemispheres, as shown in
Fig. 3. The scale is the percentage of the yearly lightning
detected within each hemisphere by month. There is a distinct
lightning maximum in the Northern Hemisphere in the summer
months of May through September, while the Southern
Hemisphere has the most lightning in its summer months of
November through March. Both hemispheres have quite small
values during their respective winters.

While the long-range GLD360 network detects the majority
of global CG flashes, the detection of weaker CG and IC
lightning is relatively non-uniform. A proper calibration of the
absolute flash detection efficiency that corrects for this
variability is beyond the scope of this paper. Dividing the
monthly stroke counts by the total for each region effectively
calibrates the results against spatial variations in detection
efficiency and the IC:CG ratio. This normalization scheme does
not, however, calibrate against temporal variations.
Infrastructure improvements and temporal fluctuations in
sensor availability (usually due to power and communication
outages) affect the distribution of counts. The five-year time
average and month-long count bins should partially mitigate
this remaining variability.

The annual curves for all of the world’s landmasses
compared with all oceans show that the monthly differences
between land and water are small (Fig. 4). The largest amounts
of lightning for both areas are in the May through September
period (Fig. 4). Fig. 1 indicates that a large amount of oceanic
lightning occurs near land, and is associated with thunderstorms
that occurred and/or initiated over land. Since there is more land
in the Northern Hemisphere, that hemisphere also dominates
the annual oceanic cycle.
IV.

The following analyses will address hemispheric, landocean, and continental-scale features by month of the year that
are based on the data in Fig. 1. The spatial definition of the
continents used in this study is shown in Fig. 2 where the equator
is also indicated.

MONTHLY CHANGES BY CONTINENT

How lightning varies through the year by continent is shown
in Fig. 5. Continents in the Northern Hemisphere have a
lightning maximum centered on the month of July and small
amounts of lightning in their winter months. The opposite
occurs in Southern Hemisphere continents. Africa, however, is
uniform throughout the year due to its location on both sides of
the equator, so its annual variations north and south of the
equator are separated in Fig. 6.

Fig. 1. Lightning stroke density per square km per year from GLD360 for the
globe from 2013 through 2017. The density map depicts a total of
8,761,390,744 strokes. Scale is at lower left; grid size is 20 by 20 km.
Fig. 3. Lightning stroke percentages by month for the Northern and Southern
Hemispheres.
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Numerous regional and national climatologies using
ground-based detection networks have been performed
over Europe such as those by Anderson and Klugmann
[2014] and Marcos-Menéndez et al. [2016].


Africa: The continent’s annual cycle is very weak in Fig.
5, primarily because the continent’s equatorial regions
have lightning all year long [Albrecht et al., 2016]. Fig. 6
indicates that the Northern Hemisphere summer affects
regions north of the equator to result in frequent lightning
during those months. Frequent lightning in the area of
Africa south of the equator occurs during the Southern
Hemisphere summer (Fig. 6). The result is close to a
constant distribution through the year as shown in Fig. 5.
The only African climatologies using ground-based
lightning detection networks have been compiled over
South Africa [Gijben, 2012] and Malawi [Kalindekafe et
al., 2018].



Asia: Most of the continent is located north of the equator
(Fig. 2). The result is a broad maximum of strokes from
May through August. However, there are very active
lightning areas near the equator (Fig. 1) that contribute
strokes all year. As a result, Northern Hemisphere winter
months have higher lightning percentages than in North
America and Europe. Among the many ground-based
lightning detection climatologies for Asia is that of Sugita
and Matsui [2014].

Fig. 4. Lightning stroke percentages by month over all land and ocean areas of
the world.

The annual variation of lightning over each continental
landmass in Fig. 5 indicates the following features:


North America: Small percentages of lightning occur
after the first of the year. A steady increase in lightning to
a July maximum is followed by a more rapid decline, as
was also documented for the United States [Holle et al.,
2016].



South America: The annual cycle is opposite to that of the
Northern Hemisphere. Lightning is most frequent during
the summer months starting in October, and is at a
minimum during June and July when drier cooler air
prevails over all but the Amazon region. A maximum in
lightning lasting through most of the year has been
identified over northern South America by Albrecht et al.
[2016] and Holle and Murphy [2017].



Europe: The summer maximum is very strong and the
winter minimum is very weak. However, note in Fig. 1 that
Europe has much less lightning than North America.

Australia: The continent is located entirely south of the
equator and has the best-defined Southern Hemisphere
pattern. A distinct maximum in monthly stroke percentages
occurs around the first of the year and a near-zero
minimum is in winter.



Antarctica: There is no detected lightning, although
extensions of thunderstorms formed over South America
extend toward the South Shetland Islands (Fig. 1).



Fig. 5. Lightning stroke percentages by month for each continent.
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Fig. 6. Lightning stroke percentages by month in Africa north and south of the
equator.

V.

SUMMARY

The development of spatially and temporally continuous
lightning detection around the world by Vaisala’s GLD360
makes it possible to examine broad categories of occurrence.
Five years of 8,761,390,744 strokes from 2013 through 2017
were apportioned through the year by month. Opposite annual
cycles in detected lightning are identifiable between the two
hemispheres. The annual variation over global oceans is similar
to that over land in the Northern Hemisphere because storms
move offshore from those continents more often than the
smaller Southern Hemisphere land areas. The summer months
of May through September have the most lightning in North
America, Europe, and Asia. November through February are
the months with the most lightning in South America and
Australia. Over Africa, the annual cycle for the year is nearly
uniform, but lightning north of the equator is aligned with the
Northern Hemisphere summer, and the reverse applies to the
south of the equator. These global observations, when
combined with national and regional lightning climatologies
and human casualty summaries, can be expected to improve
understanding of the impacts of lightning on life and property.
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