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Fig. 1

The observation room at the TOLOG main station

(taken on 13 Jul 2018)
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Table 1 Eight tall-objects higher than 300 m in the south-east
field of view of the TOLOG main station
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S A

Location of six observation stations of the TOLOG and

tall-objects listed in Table 1
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Table 3 Numbers of lightning flashes to tall-objects higher than
300 m obtained at the TOLOG during 2009—2018
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Fig. 3 High-speed video examples of the “tip-to-lateral” connection behavior
of leaders during lightning attachment process

(from Reference [8].all the images are inverted for a better view)
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Fig.4 Image examples of “tip-to-lateral” connection of leaders(arrows denote the location of junction points,

Fig. 4a—Fig. 4e are inverted for a better view)
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Fig. 7 The scenario of a positive cloud-to-ground flash and three upward
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(+ denotes positive charge, — denotes negative charge. A is the ground termination

point of positive cloud-to-ground flash reported by the lightning location system,

arrows denote directions of channels extension) (from Reference [27])
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Abstract

Comparing to the ground or low-object, tall-object is more likely to reach the threshold for the initia-
tion of leader on its top due to the distortion and enhancement of electric field, therefore tall-object is not
only easier to get struck by downward lightning, but also can initiate upward lightning. A field experi-
ment, mainly focusing on the observation of lightning flashes terminating on tall structures, has been con-
ducted since 2009 at the Tall-Object Lightning Observatory in Guangzhou (TOLOG), which is the impor-
tant part of the Field Experiment Base on Lightning Sciences, China Meteorological Administration (CMA
_FEBLS). Hundreds of tall-object lightning flashes have been captured during 2009—2018.

For the lightning attachment process, tall-object will play the role of “magnifier”: The TOLOG high-
speed optical observation discovers the connection of the downward negative leader to the lateral surface of
the upward connecting leader for the first time, and shows two basic types of the leader connection behav-
iors during the attachment process in negative cloud-to-ground lightning; the fine structure of negative
stepped leader in natural lightning at close distance is revealed by using high-speed video records; the 2D/
3D propagation characteristics of downward and upward leaders are analyzed; and the striking distances of
lightning flashes to tall-object with different heights are also estimated.

Tall-object plays an “amplifier” role on lightning electromagnetic field: Statistical analysis of the
TOLOG data show that the magnetic field peak values induced by the first return stroke of lightning fla-
shes to objects higher than 200 m is 2. 4 times of that of lightning flashes to objects lower than 200 m; the
higher the tall-object is, the larger the lightning location system inferred peak current of strokes are recor-
ded in the vicinity of the tall-object; and the numberical simulation of the tall-object on electromagnetic
field of lightning return stroke also show that the height of tall-object has significant enhancing effects.

Tall-object is the “hot spot” of downward and upward lightning: Attraction effects of tall-object on
downward lightning can protect other objects near tall-object from lightning strikes; the upward negative
lightning from the tall-object can be triggered by the return stroke, the continuing current or the dischar-
ging process in cloud of positive cloud-to-ground lightning; and in upward lightning, abrupt extension is
found at the positive end of the recoil leader which propagates bidirectionally.

Using data of the TOLOG, the detection efficiency, the location error and the systematic bias of light-
ning location systems in Guangdong are evaluated, showing that the observation area of the TOLOG can be

used as a “calibration field” for ground-based or space-based lightning monitoring system.

Key words: tall-object; downward lightning; upward lightning; leader; attachment process



