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Abstract—for investigating the impact of updraft on lightning 

activity, a 3D cloud resolution numerical model, coupled 

charging and discharging processes, is used to simulate three 

storms, including two thunderstorms and a non-thunderstorm. 

The results show that the appearance of strong updraft above 0 ℃ 

isotherm should be a good directive to indicate whether a cell 

could develop into a thunderstorm or not. Strong updraft is 

benefit for charging processes between ice particles, but strong 

net charge layers, which will cause lightning initiation directly, 

always form in the regions with relatively low updraft speed. It 

might make the first lightning in a weak thunderstorm with 

shorter transform distance for charged ice particles from updraft 

to the regions with weak updraft speed occur earlier because the 

separation between opponent polar charges on ice particles with 

different scales will be easier if the charging processes in the 

weak thunderstorm could be strong enough firstly.  
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I. INTRODUCTION  

Strong updraft is an important energy source for convective 
system development. It provides water vapor and enough 
buoyancy for ice particle growth. Many observations have 
confirmed that a strong updraft in the mixed-phase region is 
necessary to produce lightning (Workman and Reynolds, 1949; 
Williams and Lhermitte, 1983; Black and Hallett, 1986, 1999; 
Dye et al., 1989; Willams et al., 1992; Rutledge et al., 1992; 
Zipser, 1994; Baker et al., 1995, 1999; Carey and Rutledge, 
1996; Petersen et al., 1996, 1999; Lang and Rutledge, 2002; 
Tessendorf et al., 2005; Wiens et al., 2005; Deierling and 
Petersen, 2008). But the detail, such as how strong updraft 
affects the start of lightning activity,  is still not very clear. 

II. NUMERICAL SIMULATION 

A cloud-resolution numerical model is used here (Tan, 
2006) to simulate three cells based on the different atmospheric 
sounding data. Among them, two cells grow into 
thunderstorms with more than 100 lightning flashes (the strong 
thunderstorm) and only 12 lightning flashes (the weak 
thunderstorm) in the whole simulation period respectively; 
there is no lightning flash simulated in the third cell (the non-
thunderstorm). The evolutions of the lightning frequencies in 
the thunderstorms are showed in Fig. 1. The lightning activity 
in the strong thunderstorm starts in the 19

th
 minute and lasts for 

about 17 minutes. The frequency peak, 23 flashes/min, appears 
in the 24 minutes. For the weak thunderstorm, the lightning 
activity only continues for about 6 minutes from the 18

th
 

minute to the 23
rd

 minute. A very weak frequency peak, which 
is not significant comparing with its neighbors, emerges in the 
20

th
 minute. 

 
Fig. 1 lightning frequencies of the strong thunderstorm and 

the weak thunderstorm 
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III. RESULT ANALYSIS 

In this study, we define the regions, where the updraft 

speeds are greater than 1 m/s, as the normal updraft, and the 

regions, where the updraft speeds are greater than 5 m/s, as the 

strong updraft.  

A. Comparison of Updraft 

The comparisons in three simulations indicate that the 

appearance of the strong updraft above the melting level is the 

key factor to lead a cell to a thunderstorm. Fig. 2 illustrates the 

evolutions of the volumes of the normal updraft and the strong 

updraft in three simulations. In the non-thunderstorm, there is 

no volume of the strong updraft above the melting level; in 

another two thunderstorms, they all have the volumes of the 

strong updraft above the melting level before lightning 

occurrence. Simultaneously, more the maximum volume of the 

strong updraft is, more lightning flashes will occur in the later. 

Also, the same characteristic is showed in the evolution of the 

volume of the normal updraft. But even in the non-

thunderstorm, the volume of the normal updraft is evident 

before lightning activity starts although the volume is very 

small.  

 
Fig. 2 evolutions of the volumes of the strong updrafts and 

the normal updrafts in three simulation storms 

Although the appearance of the strong updraft above 0℃ 

isotherm in the strong thunderstorm is earlier than the weak 

thunderstorm, the first lightning of the weak thunderstorm is 

slightly earlier than the one of the strong thunderstorm. The 

first lightning in the strong thunderstorm occurs when the 

volume of the strong updraft above 0℃ isotherm is decreasing. 

But the first lightning in the weak thunderstorm occurs when 

the volume gets its peak. The time span between the volume 

peak and the first lightning occurrence in the weak 

thunderstorm is much shorter than the time span in the strong 

thunderstorm.  

B. Evolution of Net Charge Concentration 

The high net charge concentration will lead to high 

electric field which will initiate lightning directly. Especially 

when high positive charge concentration and high negative 

charge concentration coexist, the electric field will be easier to 

get a high value.  

The evolutions of the volumes of high charge 

concentration in the strong thunderstorm and the weak 

thunderstorm indicate that the appearance of high positive 

charge concentration and high negative charge concentration 

coexistence in the weak thunderstorm is evidently earlier than 

the appearance in the strong thunderstorm although the 

coexistence time in the strong thunderstorm is much longer 

than the coexistence time in the weak thunderstorm, and the 

volumes with high charge concentration in the strong 

thunderstorm are also much larger than the volumes in the 

weak thunderstorm (Fig. 3). Within several minutes after the 

appearance of coexistence of high positive and high negative 

charge concentration, first lightning flashes occur in both of 

thunderstorms.  

 

Fig. 3 evolutions of the volumes of high net charge 
concentration (>1 nC/m

3
)  

 The horizontal distance between net negative/positive 
charge core and updraft core is analyzed. Only the samples, in 
which the net negative/positive charge concentration is greater 
than 1 nC/m3, are displayed according to time series (Fig. 4). It 
shows that the net charge core in the weak thunderstorm 
appears more closely to the updraft core than the net charge 
core in the strong thunderstorm.  The maximum distance in the 
weak thunderstorm is never larger than 6 km and the mean 
distance is about 3.2 km. The mean distance in the strong 
thunderstorm is about 3.6 km and the max is more than 9 km.  

 

Fig. 4 evolutions of horizontal distance of net charge core to 
updraft core 
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IV. CONCLUSION AND DISCUSSION 

 Strong updraft is essential for thunderstorm growing. 

Especially for strong updraft in the height above 0 ℃ isotherm, 

it might be an iconic factor to indicate whether a storm could 

develop to a thunderstorm or not. Strong updraft above 0 ℃ 

isotherm could not only provide enough water vapor to form 
super-cooled water, which is also benefit for ice particle 
growth,  but promote the collision between ice particles. Both 
of them are important for charging processes.  So thunderstorm 
with stronger updraft always has more lightning flashes and 
more intensive lightning frequency.  

 On the other hand, strong electric field necessary for 
lightning initiation needs net charge layer with net charge 
concentration high enough. Low updraft speed is always more 
advantageous for the separation of big ice particles and small 
particles, which are charged with contrary polar charges, 
through gravity.  In thunderstorm with weak updraft, charged 
ice particles walk a shorter way to complete the separation 
process and form net charge layers. It might cause the first 
lightning in a thunderstorm with weak updraft happens earlier 
if the updraft produces enough charged ice particles.  

 

REFERENCES 

Baker, M.B., H.J. Christian, J. Latham. (1995), A 

computational study of the relationships linking lightning 

frequency and other thunderstorm parameters, Quart. J. 

Roy. Meteor. Soc., 121, 1525-15248. 

——, A.M. Blyth, H.J. Christian, et al. (1999), Relationships 

between lightning activity and various thundercloud 

parameters: satellite and modeling studies, Atmos. Res., 

51, 221-236. 

Black, R.A., Hallett J. (1986), Observations of the distribution 

of ice in hurricanes, J. Atmos. Sci., 43,802-822. 

——, Hallett J. (1999), Electrification of the hurricane, J. 

Atmos. Sci., 56,2004-2023. 

Carey, L.D., and S.A. Rutledge, (1996), A multiparameter 

radar case study of the microphysical and kinematic 

evolution of a lightning producing storm, Meteorol. 

Atmos. Phys., 59, 33-64. 

Deierling, W., and W.A. Petersen, (2008), Total lightning 

activity as an indicator of updraft characteristics, J. 

Geophys. Res., 113, D16210, doi: 

10.1029/2007JD009598. 

Dye, J.E., J.J. Jones, A.J. Weinheimer, et al., (1989), 

Observations within two regions of charge during initial 

thunderstorm electrification, Q. J. R. Meteoral. Soc., 

114(483), 1271-1290. 

Lang, T.J. and S.A. Rutledge, (2002), Relationships between 

convective storm kinematics, precipitation, and lightning, 

Mon. Wea. Rev., 130(10), 2492-2506. 

Petersen, W.A., S.A. Rutledge, and R.W. Orville, (1996), 

Cloud-to-ground lightning observations to TOGA 

COARE: Selected results and lightning location 

algorithm, Mon. Wea. Rev., 124(4), 602-620. 

——, S.A. Rutledge, R.C. Cifelli, et al., (1999), Shipborne 

Dual-Doppler operations during TOGA COARE: 

Integrated observations of storm kinematics and 

electrification, Bull. Am. Meteorol. Soc., 80(1), 81-96. 

Rutledge, S.A., E.R. Williams, and T.D. Keenan, (1992), The 

down under Doppler and electricity experiment 

(DUNDEE): Overview and preliminary results, Bull. Am. 

Meteorol. Soc., 73(1), 3-16. 

Tan, Y., S. Tao, and B. Zhu, (2006), Fine-resolution 

simulation of the channel structures and propagation 

features of intracloud lightning. Geophys. Res. Let., Vol. 

33, L09809, doi: 10.1029/2005GL025523. 

Tessendorf, S.A., L.J. Miller, K.C. Wiens, et al., (2005), The 

29 June 2000 supercell observed during STEPS. Part I: 

Kinematics and microphysics, J. Atmos. Sci., 62(12), 

4127-4150. 

Wiens, K.C., S.A. Rutledge, and S.A. Tessendorf, (2005), The 

29 June 2000 supercell observed STEPS. Part II: 

Lightning and charge structure, J. Atmos. Sci., 62(12), 

4151-4177. 

Williams, E.R., and R.M. Lhermitte, (1983), Radar tests of the 

precipitation hypothesis for thunderstorm electrification, 

J. Geophys. Res., 88(C15), 10,984-10,992. 

——, (1992), The schumann resonance: a global tropical 

thermometer, Science, 256, 1184-1187. 

Workman, E.J., and S.E. Reynolds, (1949), Electrical activity 

as related to thunderstorm cell growth, Bull. Am. 

Meteorol. Soc., 30, 142-149. 

Zipser, E. (1994), Deep cumulonimbus cloud systems in the 

tropic with and without lightning, Mon. Wea. Rev., 122, 

1837-1851. 
 

 


