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Abstract 
A method for networking atmospheric electrostatic field by a quasi-normal charge distribution 

model based on radar and sounding data in isolated storm cells has been proposed. The charge 
distribution parameters of thundercloud are first estimated and inversed, and then the network of 
atmospheric electrostatic field can be calculated with the obtained parameters. The method was used to 
analyze three isolated thunderstorms that passed through the experiment site in 2009. It was shown that 
the electrostatic field networking and the charge distribution were concordant with the location of lightning 
and radar echo. It is revealed that the model and obtained parameters are reasonable to some extent and 
the method for networking electrostatic field using radar and sounding data is feasible.  
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1. Introduction 

Thunderstorms are one of the major causes of weather-related human injuries, death 
and tremendous loss of property. With the rapid development of economy and extensive 
application of electronic technology, lightning hazard traverse many 
http://www.iciba.com/involve/ fields, such as agriculture, aviation, infrastructure and 
telecommunications. Hence the works of lightning monitoring, forecasting and defense have 
become increasing useful. Lightning activity often causes a significant change of EF near the 
ground. The EF data can reflect the charges of thundercloud quickly and it is an important 
parameter used for charge distribution research and lightning forecasting. Scholars (e.g. [1-2]) 
attempted to utilize the EF data to charge distribution research in thunderclouds. Other scholars 
made use of the EF thresholds [3, 4], 0-1 relations of curve quick jitter [5] and polarity reversal 
[4] as methods for lightning nowcasting. Some scholars also tried to forecast lightning by 
combining EF data with lightning location [6] or radar data [7]. However most of them have used 
EF data from a single-station. This data can only reflect the charge situation in a small region 
around the field mill and cannot show the space and time characteristics of a whole 
thunderstorm. Therefore if EF can be networked, it is possible to enhance the monitoring 
function and enlarge the detection range of the field mill. The most common method for 
networking EF is spatial interpolation using limited data. Due to the economic and manpower 
factors, the site setting of field mills are sparse and discrete in the observation region. There can 
be some deviation between networked EF with interpolation methods and actual observation 
data. Since EF data can reflect the charge situation in a thundercloud and the size of the 
charged thundercloud can be described by radar data, we can try to network the EF data base 
on the existing charge structure with this data. This work therefore presents an analysis of EF 
networking using radar and sounding data based on a quasi-normal charge distribution model. 
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3. Methodology descriptions 
The charge in the thunderstorm can be reflect by EF data, while the size of the 

charged thundercloud can be described by radar data, therefore the main charge parameters of 
thundercloud can be obtained based on EF, radar, sounding and the other information through 
the model, and then the space EF can be recalculated and networked according to these 
obtained charge parameters. 

 
3.1. Quasi-normal charge distribution model 

In practice, some meteorological elements, such as temperature and precipitation, 
have the feature in some frequency distribution, i.e., the frequency is greatest in its average and 
the frequency of both sides will decrease gradually. So many factors, such as environmental 
temperature, particle moving speed, particle size, friction rates and the effect of coagulation, 
collision, hydrometeors in different phases (such as liquid, crystal, snow and graupel), will make 
a different contribution to the production and distribution of charges. In addition, the transfer 
from positive ions to negative and vice versa in electrification process is stochastic. Therefore, it 
is quite difficult to describe the charge distribution in a thundercloud. The charge distribution of 
thunderclouds is taken as the results produced by a numbers of “random” factors hence it is 
described with normal or quasi-normal function in this study. The charge distribution of a single-
polar charged mass in terms of Gaussian function can be expressed as: 

 
 (1)   

 

Where A ( 0x , 0y , 0z ) is charge concentration center of charged mass, 0 is the charge density 

at this point and , ,  are parameters for the charge density that decrease with distance 

from the center, which is similar to the standard deviation in Gaussian function.  
According to the knowledge of physics, because of the balance effect of total electric 

field, the induced charge will appear on the ground when a thunderstorm occurrence. The 
electric field near the ground is the joint function of the charge in the cloud and on the ground. 
The electric field measured near the ground is electrostatic field and can be described by 
Coulomb law and mirror image. The EF intensity at point (x, y, z) around the single-polar 
charged cloud would be  

 

 (2) 

 
Where ,  is an atmospheric dielectric constant and parameters

, ,  are the limits for integration calculation which stand for the 3-dimensional size of the 

charged mass and is estimated from the radar echoes of the thundercloud. The position of 
charge density center A ( , , ) and charge distribution parameters ( , , ) are also 

estimated according to the radar echo features of cloud.  
When a charged cloud move with a certain speed to a mill station, the EF at this 

station would change with time and can be calculated using Eq. (2) by ignoring the short time 
variations of charge in the mature, stable thundercloud. In the meantime, Eq. (2) can be used 
for calculating the EF caused by a cloud with multi-polar charge structure after modification.  

The charge structure of thundercloud is not single-polar but complicated (muti-polar) 
in practice, and it is necessary to use some charge structure in the inversion of charge 
parameters. Krehbiel [11] found that although the heights of the main negative charge region 
were different in three different areas, they were in the same temperature zone. Although the 
charge structure of thundercloud is complex, the main charge structure can describe as dipole 
or tripole in the main charge area [12-15] in a mature convection zone. The numerical results 
[16] of three regions in China and [17] in Chinese plateau region also confirmed this conclusion 
and found that the charge structure can be described as dipole or tripole charge structure in 
mature stage. The charge structure research in Nanjing is few and there are no other means to 
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detect directly. The simple tripole structure is used in this model, i.e. the upper positive, the 
central negative and the lower positive charge (if the lower positive charge is less or zero, it 
become dipole structure). The rationality of results will be verified by the independent EF data, 
lightning location data and the inversion charge density. 

 
3.2. EF networking  

It is shown from Eq. (2) that if the discharge distribution (function Eq. (1) ) and the sizes 
feature of thundercloud is known, the space EF distribution near ground can be calculated with 
the model. As mentioned above, the parameters , , , , , , , , can be 

estimated from the different types of data. The EF data is obtained by observation and therefore 
only parameters 0  of the three layers are unknown. This can be calculated from three or more 

than three EF values. The parameters of charge density is inversed as follows, first, the EF 
values of different layers in simple tripole structure of inversion stations are calculated with the 
charge density of 1C/km3 and then the reasonable charge density range (0-30C/km3) and step 
(0.001C/km3) of each layers are set to be composed of different charge density combinations. 
Finally the total error percentage and standard deviation between simulated and observed EF of 
inversion stations under different charge density combinations are calculated circularly using the 
least square method. The smallest error percentage of charge density combinations is 
considered as optimum. If the error percentage between simulated and observed EF which is 
greater than 100% reach 60% in 6 min, the parameters , , , , and will be 

adjusted and simulated again. To verify the simulation parameters obtained, the EF of other 
station are simulated with the model and the obtained parameters and compared with the 
observation data. After a different adjustment, if there are no parameters satisfying the above 
requirement or the error between test results and observations is too large, this simulation of the 
stage is considered as a failure. If the EF parameters is inversed successfully, the EF 
networking near ground will be recalculated. When the observation sites are adequate, time 
synchronization data of different sites are used in the solution otherwise the data obtained at 
different time intervals from the same site are used. 
 
 
4. Case analysis and results  

The isolated storm cells of July 15 (20090715), August 14 (20090814) and August 24 
(20090824) in 2009 which passed through the research regions were analyzed. The EF 
measurement may be affected by charged precipitation and hence may not reflect the charge of 
the thundercloud. Therefore the EF data under strong radar echo is not included in the process 
of inversion and interpolation. For instance, NJXJ station which was covered by radar echo was 
excluded in the case of 20090814. The slow EF variations (300s average value) of time 
synchronization data in different sites was used in the 20090814 and 20090824 case, while the 
data from different time intervals in the same site was used in the 20090715 case. The 
variations of charge distribution in the time interval of 10s is ignored, i.e., a charge density 
combination is calculated every 10s. Because of the simple tripole structure used in the model, 
the isolated cells and the closed stage of the radar-echo tightly are analyzed and networked in 
this paper.  

  
4.1. The case of 20090814 

A thunderstorm occurred and developed around NJXJ station at about 0748 UTC 
August 14, 2009. There were 8 synchronized EF observation stations (NUIST, NJQL, NJXJ, 
NJTQ, ZJJR, NJJP, NJSH and ZJEL) at the experiment site. To avoid the effect of precipitation, 
NJXJ station which was covered by radar echo was excluded when inversion and networking. 
The EF observation of NJQL, NJTQ and NJLD was the inversion data, while NJPK was 
independent test data in this case. Before inversion, first, with NJXJ station as the origin and the 
increase in the directions of longitude and latitude as X, Y axis separately, the coordination 
system was built up, and then the information of latitude and longitude, such as the site as well 
as the thunderstorm cloud path were converted into Cartesian coordinates. 
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4.1.1. Parameter selection 
Taking into account the charge structure research [18,19], the numerical simulation 

results [16] in China as well as the Chinese inland sounding experiments [17],this study 
selected the region below-5 � as the lower positive charge region of thunderstorm and the 
center was about 0 �; the region -5 � ~ -20 � as the negative charge region and the center 
height was about -10 �; the region -20 � ~ -40 � as upper positive charge region and the 
center height was about -30 �. Ambient temperature height which the study required was 
estimated based on the corresponding sounding data. Taking the process of 0812 UTC as an 
example to explain how to determine the parameters of the model required. 

 
 

   

 
 

Figure 2. The radar CAPPI at 0812 UTC on August14,2009. (a)5km; (b) 7km;(c) 9km. 
 
 

According to the sounding data, the radar CAPPI (Constant Altitude Plan Position 
Indicating) of 5, 7, 9 km can well represent the radar echo of lower, central and upper 
respectively.  Fig.2 is showing the radar CAPPI of 5, 7, 9 km at 0812 UTC on August 14, 2009. 
The distributions of stations in Fig.2 are consistent with Fig.1 and the box around the echo is 

echo centralized area. The parameters 0x , 0y , and of different layers were determined by 

the center and the scale of echo centralized area (greater than 25 dBZ in lower charge region; 
greater than 15 dBZ in upper and central region) of corresponding height CAPPI respectively. 
The integration-limits parameter of lower positive charge region were determined by the echo 
thickness which the echo was greater than 25dBz below 6.5km (environmental temperature was 
about -5�). The parameter of lower positive charge region was about 4.5km. The integration 
limits parameter of central and upper charge region were determined by radar echo and 
sounding temperature profile. The parameter of central negative charge region（ -5�~-
20�） （was about 2.5km while upper positive charge region -20�~-40�） was about 3km. The 
parameters , were determined by the scale of echo centralized area which was greater 

than 30 dBZ (lower charge region) or 20 dBZ (upper and central region). As for the parameter
, many researches [14,15,17,20] pointed out that it ranged from hundreds of meters to 2km. 

The parameter of upper and central region was valued 1.5km in this paper. The parameter 
of lower positive charge region was determined by echo thickness that the echo was greater 

than 35dBZ below 6.5km, and it was about 3.5km. In addition, the echo thickness in the 

simulation process changed little, so the parameters 0z , , were considered to be the 
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same. The parameter 0z of different layers was the central height of these layers and determined 

by the Nanjing station sounding temperature profile. Meanwhile, the parameters , , ,

in the adjacent radar scan time is considered to be changed linearly in inversion calculation.  

 
4.1.2. The simulated results and contrast analysis  

The thunderstorm process between 0812-0830 UTC was simulated and the results 
are shown in fig 3. The stations of NJQL, NJTQ and NJLD were inversion data, and the 
measured and simulated EF are in fig 3a,b. The NJPK was independent test station, and the 
measured and simulated EF values were shown in Fig 3a. The simulated EF of test station was 
calculated with the model and the obtained parameters. The coefficient of NJPK station 
between measured and simulated EF was 0.86. The inversion and independent test EF all 
indicated that the observations and simulated EF were in good agreement. It was speculated 
that the model and the obtained parameters were rational to some extent. Fig 3c is the evolution 
of charge center density of this case. It was exhibited that the negative charge density of central 
region had the largest value while positive charge density of lower and upper were small 
relatively. Especially, the positive charge density of lower layer was small (most of them were 
zero)before 0824 UTC and the structure was dipole at this stage, which corresponded with the 
development of thunderstorm; After 0824 UTC the charge density of lower layer increased 
gradually and the structure assumed a tripole charge structure, which corresponded with the 
matured stage of thunderstorm. Meanwhile, lightning location data indicated that the two 
negative flashes occurred at about 0825 UTC (the erect dotted line in the Fig 3c and the 
measured EF in Fig 3a,b) .The charge structure was tripole when CG lightning occurred. The 
EF networking characteristics of 0818 and 0825 UTC of different charge structure of 
thunderstorm respectively were analyzed in this paper. 

 
 

     

 
 

Figure 3. Measured and simulated EF and charge distribution on August14,2009. (a) Measured 
and simulated EF of NJQL and NJPK; (b) Measured and simulated EF of NJLD and NJTQ; (c) 

The charge evolution on August14,2009. The charge density is absolute value. 
 
 

Figure 4a and b are showing the values of EF networking which were obtained by 
calculating with the model at 0818 and 0825 UTC respectively. The radar echo in this figure is 
radar PPI (plan position indicating) at 14.6° elevation (the same below). There were no CG 
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lightning occurred at 0818 UTC and Figure 3 showed that the charge structure of thundercloud 
was dipole. Because the charge structure was dipole as well as the negative cloud charge of 
central layer was large, the EF in radar echo surrounding area had a large positive value, such 
as Figure 4a. The LLS disclosed that there were two negative CG lightning flashes occurred at 
0825 UTC. In the meantime, Figure 3c showed that the charge structure changed from dipole at 
0818 UTC to tripolar before the lightning happened. Except for the positive EF region similar to 
0818 UTC, there appeared a negative EF area around the radar echo center which was 
resulted from the positive charges in lower part of the thundercloud, as shown in Figure 4b,c. 
Figure 4c is the space-distribution of EF network at 0825 UTC, which can exhibit the EF 
distribution visually. It is exhibited that the positive charge area was small and therefore the 
negative EF region was also small. Figure 4d shows the charge density of different layers in 
thundercloud when the lightning occurred, the filled contour map in color is negative charge 
density of central layer, the red and black contours were positive charge density of lower and 
upper layer. The charge density distribution in figure was compared with radar echo and it was 
found that the charge center density was coincident with the radar echo. It also showed that the 
CG lightning occurred at the place between the center of negative charge in central layer and 
positive charge in lower layer, which indicated that location of lightning was in accordance with 
charge center density. 

 
 

   

  
 

Figure 4.  The EF networking in the case of 20090814.(a) The EF networking with model at 
0818 UTC; (b) The EF networking with model at 0825 UTC; (e) The EF distribution at 0825 

UTC;(f)The charge distribution at 0825 UTC. The charge density is absolute value. 
 
 

4.2. The case of 20090824 and 20090715 
Using the same method as used in the case 20090814, the case 20090824 was 

reversed with data of time synchronization of different sites (NJXJ, XJLD, NJTQ were used as 
inversion data and NJQL was used as test data), while 20090715 was reversed with data of 
different times of the same site (this thundercloud was beside NJXJ and NJLD station, therefore 
NJXJ was used as an inversion data and XJLD was used as test data). The evolution of charge 
center density in different layers of the two cases is shown in figure 5a &b. The simulated and 
measured EF values of inversion and test were similar to the case of 20090814. Combined with 
the radar data of the two cases, it was found that the evolution of charge center density was 
similar to the case of 20090814 and the charge structure evaluated like this: the charge 

(b) 
(a) 

(c) (d) 
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structure of thundercloud in development phase was dipole, the matured stage was tripole and 
it became dipole when the thundercloud was extinct. The charge density evolution of case 
20090824 is shown in figure 5a and the erect dotted line about 0718 UTC is the beginning of 
lightning occurred while the erect dotted line about 0736 UTC is the end of lightning. There 
occurred 15 lightning flashes during this stage and fig.5a indicated that the charge structure 
during the occurrence of lightning was tripole. Fig 5b is the center charge density evolution of 
20090715 and there was one lightning occurred (the place at the erect dotted line) in this case. 
The same as in the cases of 20090824 and 20090814, the lightning charge structure was also 
tripole when the lightning occurred. Figure 5c &d are showing the EF network of 20090824 and 
20090715 when lighting occurred respectively. The networked EF was simulated according to 
the model. It is indicated that the EF network and the radar echo were in good agreement. 
Meantime, because of the existence of positive charge in the lower layer, there was an small 
negative EF area beneath the strong radar echo, which were similar to the case of 20090814. 
Meanwhile, the location of lighting occurred and charge density distribution were also in good 
agreement, which was also the same as that in the case of 20090814. 

 
 

     

 
 

Figure 5. Charge and EF networking distribution in the case of 20090824 and 20090715.(a) 
Charge evolution in case of 20090824; (b) Charge evolution in case of 20090715; (c) The EF 

networking with model at 0718 UTC in case of 20090824; (d) The EF networking with model at 
0825 UTC in case of 20090715; (e) The EF networking with Kriging interpolation method at 

0825 UTC in case of 20090715. 
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The surface electric field distribution in experimental site can be obtained through 
limited observation data with space interpolation method. Fig 5e is the EF network at 0825 UTC 
in the case 20090715 based on the Kriging interpolation method. It was shown that there 
existed some deviation between model EF network with the location of lightning and radar echo. 
Meantime, the same result was received in other thunderstorms and with other interpolation 
methods. So we speculated that it was resulted due to the inadequate intensive site data.  

From the analysis of three cases, it was shown that the EF networking and the 
charge density distribution which obtained from radar and sounding data in isolated storm cells 
were in agreement with the location of radar echoes and lightning. Meanwhile, the charge 
structures of three thunderstorms were similar, i.e., the charge structure was dipole in the 
development, tripole in the mature stage and dipole after matured stage. It was also in 
coincidence with the fact that the three thunderstorms were of the same type. The charge 
structure of different stages in thundercloud also shows that the charge structure of 
thundercloud is complicated. It was also found that the evolution of radar echo and the charge 
structure in three thunderclouds were basically consistent to the results of researches [21] about 
strong updraft, electrification activity and EF. Meanwhile, the lightning occurred in the tripole 
stage in three thunderclouds and the lightning location was between the center of positive 
charge density in lower layer and negative charge in central layer, which we conjectured that the 
existence of positive charge in the lower layer of thundercloud may be easier to be excited the 
CG lightning, because the majority of CG lightning flash began with negative leader and the 
existence of strong EF area caused by the lower part of thundercloud can easily be excited the 
leader and the spread to the ground. This result conformed to the conclusion about lightning 
flashes and lower positive charge [22]. 

 
 

5. Conclusion 
With the help of the model, EF data and the relation of radar reflectivity, thunderstorm 

initial feature, firstly the environmental temperature and charge distribution are implemented in 
the inversion of charge distribution parameters, and then the EF networking can be calculated 
with the model and the parameters obtained. Three thunderstorms observed at the site of 
experiment covered by radar and field mills were analyzed in this paper. The results show that: 
(1)  There exists some deviation between the networked EF received from Kriging interpolation 

method and the location of lightning and radar echo. We conjecture that it is resulted from 
the sparse data of EF. It illustrates the importance of the layout of EF mill as well. 

(2)  The EF networking and the charge density which are obtained by the quasi-normal 
distribution model is in accordance with the location of the radar echo and CG lighting, 
which indicated the rationality of the model and parameters to some extent. It is revealed 
that the method of networked EF using radar and sounding data is feasible. 

(3)  The charge structure and charge distribution of different stages in these cases have some 
indication and reference function for the researches about the characteristics of electricity 
and lighting forecasting.  

Because of the absence of effective means, such as sounding EF to detect the charge 
structure, the classic charge structure is used in model and at the same time only isolated storm 
cells are analyzed in this paper. Further study is needed to make the inversion process more 
objective so that the retrievals would be more reliable and unique. The shielding effect of cloud 
boundary and the discharge of lighting which brings some errors to results are ignored. These 
deficiencies will be considered in the future study. Meanwhile, the EF networking with multi-
polar (more than tripole) model as well as multi-polar thunderstorm will be carried out under 
permission of study conditions. 
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