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Abstract: Determining the critical rocket height for upward-leader inception is important for evaluating the triggering 

conditions of rocket-triggered lightning and selecting appropriate experimental conditions. A two -dimensional axisymmetric 

electrostatic model of the rocket–triggering wire–ground system was established to investigate the critical rocket height for 

upward-leader inception in rocket-triggered lightning. The electric field at 0.7 m above the rocket tip was calculated under 

different rocket heights and cloud-to-ground background electric fields. Based on the upward-leader inception criterion, an 

electric field of 500 kV/m at this position was adopted as the threshold for determining the critical rocket height. The resu lts 

showed that the electric field above the rocket tip increased approximately linearly with both rocket height and background 

electric field. A stronger background electric field significantly reduced the critical rocket height required for upward -leader 

inception. These results provide a quantitative basis for evaluating the triggering conditions of rocket -triggered lightning. 

Keywords: Rocket-triggered lightning, Upward leader inception, Critical rocket height, Background electric field, Finite-
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1. Introduction 

Artificially triggered lightning using rockets provides a 

controllable means of initiating lightning and has been widely 

used to investigate lightning discharge physics [1-3]. In the 

conventional rocket-triggered lightning technique, a rocket 

carries a grounded metallic wire into the thunderstorm electric 

field, causing the electric field near the rocket tip to increase 

with height [4,5]. When the local field becomes sufficiently 

strong, an upward leader is initiated from the rocket tip and 

develops toward the thundercloud, thereby triggering 

lightning [6-8]. For a given thunderstorm background electric 

field, the height at which the rocket tip first satisfies the 

condition for upward leader inception can be regarded as the 

critical rocket height. Determining this height under different 

background electric fields is important for understanding the 

initiation of rocket-triggered lightning and for selecting 

appropriate experimental conditions. 

Previous studies on upward leader inception have mainly 

focused on field observations and discharge-physics models 

[9,10]. Willett et al. reported that a grounded triggering wire 

approximately 400 m long could trigger lightning when the 

ambient electric field aloft was about 13 kV/m [11]. Biagi et 

al. observed the inception of a sustained upward positive 

leader from a grounded triggering wire at a height of 

approximately 123 m [6]. These observations indicate that 

upward leader inception is closely related to both the 

thunderstorm electric field and the triggering-wire height. 

From the perspective of discharge physics, several physical 

criteria for upward leader inception have been proposed [12-

15]. In the model of Petrov and D'Alessandro, positive 

streamers must extend to a critical length and experience an 

electric field sufficient to sustain their propagation. A critical 

streamer-zone length of approximately 0.7 m and a critical 

positive streamer field of approximately 500 kV/m have 

commonly been adopted [16-18]. However, quantitative 

relationships between the thunderstorm background electric 

field and the corresponding critical rocket height remain 

insufficiently investigated. 

In this study, a two-dimensional axisymmetric electrostatic 

model of the rocket–triggering wire–ground system was 

established. The local electric field at 0.7 m above the rocket 

tip is calculated for different combinations of rocket height 

and cloud-to-ground background electric field. A field 

strength of 500 kV/m at this position is used as the criterion 

for upward leader inception, and the corresponding critical 

rocket height is determined for different background electric 

fields. The results provide a quantitative basis for evaluating 

the triggering conditions of rocket-triggered lightning and 

selecting suitable experimental parameters. 

2. Methods 

2.1. Calculation of Background Electric Field 

near the Rocket Tip 

Before upward-leader inception, the rocket–triggering 

wire–ground system was treated under an electrostatic 

approximation. Because the air domain was assumed to 

contain no free space charge, the electric potential V satisfied 

the Laplace equation, 

∇2𝑉 = 0 

And the electric field was obtained from 

𝐸 = −∇𝑉 

The cloud-to-ground background electric field was 

represented by applying a prescribed potential to the upper 

boundary of the computational domain while the ground was 

maintained at zero potential. For a uniform background 

electric field 𝐸𝑏𝑔  , the applied potential difference was 

determined by 

Δ𝑉𝑏𝑔 = 𝐸𝑏𝑔 ⋅ 𝐻𝑑  
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Where 𝐻𝑑  is the height of the computational domain. The 

grounded rocket–triggering wire distorted the background 

electric field and produced a local field enhancement near the 

rocket tip. 

2.2. Two-Dimensional Axisymmetric 

Electrostatic Model of the Rocket–

Triggering Wire–Ground System 

A finite‑element solver was adopted to solve the Laplace 

equation, and the electric field near the rocket tip was 

acquired. As shown in Fig. 1(a), a two‑dimensional 

axisymmetric computational model, including the rocket and 

its trailing wire, was constructed. Since the finite‑element 

method requires a bounded solution domain, a 

2000 m × 2000 m closed region was selected as the 

computational domain with appropriate boundary conditions 

imposed. After establishing the geometric model, the rocket 

body and its trailing wire were subtracted from the 

computational domain. The remaining region served as the air 

domain for solving the Laplace equation. The relative 

permittivity of the air domain was set to 1. Local mesh 

refinement was implemented around the rocket body and 

trailing wire to improve the calculation accuracy of the 

background electric field near the rocket tip. 

The potential on the bottom boundary of the model was set 

to 0 V to represent the ground potential. As the 

thundercloud‑to‑ground gap was approximated with a 

uniform background electric field [19,20], the top boundary 

was applied with a potential corresponding to the 

thundercloud potential, so as to establish the target 

background electric field across the gap. All the remaining 

outer boundaries were defined as Neumann boundaries 𝑛⃗ ⋅

𝐷⃗⃗ = 0. 

 

Figure 1. (a) Two-dimensional axisymmetric electrostatic model of the rocket–triggering wire–ground system; (b) Enlarged view of the 
rocket-tip region in (a) 

2.3. Upward Leader Inception Criterion 

Several criteria have been proposed for upward positive 

leader inception from grounded objects, including the critical-

radius, generalized leader-inception-voltage, CRFI, and 

streamer-based physical criteria [21, 22]. According to the 

CRFI criterion, upward leader inception requires a positive 

streamer zone of approximately 0.7 m with an electric field of 

about 500 kV/m [10]. Therefore, a monitoring point was 

placed 0.7 m above the rocket tip, and upward leader 

inception is assumed to occur when the electric field at this 

point exceeds 500 kV/m. For a given cloud-to-ground 

background electric field, the rocket height at which this 

condition is first satisfied is defined as the critical rocket 

height. 

3. Results 

Figure 2 shows the calculated electric-field distribution for 

a rocket height of 1400 m under a cloud-to-ground 

background electric field of 10 kV/m. As shown in Fig. 2(a), 

the electric field over most of the computational domain 

remained relatively low, whereas a pronounced field 

enhancement was concentrated near the rocket tip. The 

enlarged view in Fig. 2(b) further showed that the electric 

field reached the order of 5×105 V/m in the immediate 

vicinity of the rocket tip and decreased rapidly with 

increasing distance from the tip. This strong local field 

enhancement resulted from the distortion of the background 

electric field by the grounded rocket-triggering-wire system 

and provided the necessary electrical condition for the 

inception of upward positive discharges. Therefore, the 

rocket-tip region was identified as the critical region for 

evaluating upward-leader inception, and the electric field at 

0.7 m above the rocket tip was subsequently used to 

determine whether the adopted inception threshold of 500 

kV/m was satisfied. 
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Figure 2. (a) Electric-field distribution at a rocket height of 1400 m under a background electric field of 10 kV/m.(b) Enlarged view of the 
rocket-tip region in (a) 

Field observations have shown that the ambient electric 

field associated with successful triggering can vary 

considerably with altitude. Biagi et al. reported ground-level 

quasi-static electric fields of approximately 3.2–7.6 kV/m 

before the inception of sustained upward positive leaders, 

whereas Willett et al. found that lightning could be triggered 

by grounded wires approximately 400 m long when the 

ambient electric field aloft was as low as about 13 kV/m [23, 

11]. Measurements beneath thunderstorms have also 

demonstrated that the electric field several hundred meters 

above ground can be substantially larger than that measured 

at the surface [24]. Accordingly, 20 kV/m was selected as the 

upper limit in the present simulations, while the lower limit 

of 1 kV/m was included to cover a broad range of sub-cloud 

electrical conditions relevant to rocket-triggered lightning. 

As shown in Fig. 3(a), for a given cloud-to-ground 

background electric field, the electric field at 0.7 m above the 

rocket tip increased approximately linearly with rocket height, 

and the rate of increase became larger as the background 

electric field increased. Under a relatively weak background 

electric field of 2 kV/m, the electric field at 0.7 m above the 

rocket tip remained below the adopted upward-leader 

inception threshold of 500 kV/m even when the rocket 

reached 1400 m. In contrast, when the background electric 

field was 4 kV/m or higher, the 500 kV/m threshold could be 

reached within the investigated rocket-height range, and the 

corresponding critical rocket height decreased progressively 

with increasing background electric field. The same 

dependence was illustrated in Fig. 3(b): at a fixed rocket 

height, the electric field at 0.7 m above the rocket tip 

increased approximately linearly with the background electric 

field, while a higher rocket position required a lower 

background electric field to reach the inception threshold. 

These results demonstrated the combined influence of rocket 

height and the cloud-to-ground background electric field on 

the local field enhancement near the rocket tip and indicated 

that a stronger background electric field substantially reduced 

the critical rocket height required for upward-leader inception. 

 

Figure 3. Electric field at 0.7 m above the rocket tip under different rocket heights and background electric fields: (a) variation with rocket 
rising height under different background electric fields; (b) variation with background electric field at different rocket heights. 

4. Conclusion 

Determining the critical rocket height is important for 

evaluating whether the rocket–triggering wire system can 

satisfy the conditions for upward-leader inception under 

different thunderstorm background electric fields. In this 

study, a two-dimensional axisymmetric electrostatic model 

was used to investigate the effects of rocket height and cloud-

to-ground background electric field on upward-leader 

inception. The electric field at 0.7 m above the rocket tip 
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increased approximately linearly with both rocket height and 

background electric field. Under a background electric field 

of 2 kV/m, the 500 kV/m inception threshold was not reached 

even at a rocket height of 1400 m, whereas the threshold could 

be reached within the investigated height range when the 

background electric field was 4 kV/m or higher. Overall, 

increasing the background electric field reduced the critical 

rocket height required for upward-leader inception. 
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