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r ,I The effect of corona space charge on growth rate of ground electric field beneath a thundercloud has been studied. The
maximum electric fields have been calculated at the ground surface and aloft. It has been found that the corona limits the
magnitude of the electrostatic field and also influences the time behaviour of the electric field at the ground surra/e. he
computed results are found to be in good agreement with the available experimental observations.I (:

I Introduction 2 Earlier Observations ).

It is widely accepted that thunderclouds accumulate Livingston and Krider9 recorded ground electric
a net positive charge at their top (P-region) and net field at Kennedy Space Center (KSC) on the eastern
negative charge at their bottom (N-region); and thus coast of central Florida using surface electric field
are known to produce strong electric fields at the sensors, The details of the field sensors have been
ground. Previous investigators have reported the described by Jacobson and Kridero. The electric field
existence of a charge layer near the ground surface records showing complete development of six small air
when the electric field is intense as it often is under a mass thunderstorms were made at sites selected to be
thundercloud1 -3, Standler and Winn2 estimated tJte near the centre of electrical activity. The _ground
threshold value of the electric field required to initiate electric fields produced by these thunderstorms were
corona to be about 5 kVm -1 and also stated that the found to be of the order of ~ -8 kVm -1,

rate of production of ions by corona is a rapidly Furthermore, Standler and Winn2 reported simul-
increasing f~nction of the ambient electric ~~ld, Rust taneous measurements of the electric field at the 1
and Moore found that space charge dens1tles at the ground surface and aloft. These experiments were 1-
ground can be strongly perturbed by the presence of conducted during July and August 1976 at Langmuir
even weakly electrified clouds overhead, Moreover, Laboratory in Central New Mexico, The observations
Standler and Winn2 and Winn et al,5 found that were made by balloon-borne meters as well as station
beneath a thundercloud the magnitude of the electric field mills, They have shown the magnitude of the
field at few hundred metres above the ground is several observed electric field at ground surface to be about
times larger than that at the ground. The experimental IOkVm-1. Vonnegut11 and Oman et al.12 also
evidences elucidate that space charge layer produced reported that the absolute value of electric field is
by corona from the ground irregularities (elevated usually less than 10 kVm -1 at the ground surface.

objects) is responsible for reducing the magnitude of However, Winn et al.5 have reported the magnitude of
the ground electric field. the ground electric field to be about 15 kVm -1. f

Earlier, Whipple and Scarse6 and Wormell7 pointed
out that the electric field at the ground level is the result 3 Theoretical Approach
of the superposition of two fields: one from the charges Following earlier investigatorss,13, a thundercloud
in the thundercloud and other from space charges near of cylindrical shape of radius D and having vertical
the ground surface produced by corona. Mathpal and charge distribution within it, has been assumed. Fig. 1
V arshneya s suggested that for a more accurate shows the dimensions of a thundercloud, wherein 2£ is

informative calculations of the ground electric field the the length of the charging zone within thundercloud
effect of corona should be taken into account. In the and H is the height for P- and N-regions. We also
present work, we present computations for the ground assume predominance of the positive charge in the
electric field incorporating the effect of corona space upper part and negative charge in the lower part of '~
charge at the ground surface. The calculations show thundercloud as usually observed. In the intervening ,

that corona space charge considerably reduces the space the charge varies linearly with height. P is the
electric field at ground surface. point at the ground surface. Calculations for electric
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Z Standler and Winn2, Chauzy and Raizonville3 and

) + Winn et al.s reported space charge densities of I, 2-4

~ and 1.7 nCm -3, respectively, near the ground surface.

: : ::: : : Standler and Winn2 established a generalized relation

t + I + + between corona current density, J cr, and ambient
+ I + electric field Eout, at the ground surface which is given

1+ bI Y
, + I +

T I --0 for IEouJt)I~Eo
(4)I -I Jcr(t) L CHAR~-~G_ZONE C Eout(t)[j EouJt) 1- Eo] 2 for I EouJt) I > Eo

~ -~ =: = = -where Eo is the minimum magnitude of the electric

H ---I ---field to set on corona at the ground surface and Cis the

z T 1- 20"" function of the number of discharging objects per unit
R horizontal area. For a generalized case, the estimated

values of Eo and Care 5 kVm -1 and 2.0

h-h' x 10-20 ArnV-3, respectively2.~
! Including the effect of corona at ground surface the

Eq. (3) for the growth rate of the electric field at point P

becomes
,P .dEout ' D2 [(L + H)2 -L2/3]

I --
h dt -80Z;'(H + L/2)

x {[F(t) [1X-F(t)Ein(t)fJ]
p

Fig. I-Charge distribution and thundercloud size +A1Ein(t)[W-A2Ei~(t)]] .

+CEout(t)[jEouJt)I-Eo]2} ...(5)

field growth rates at P are performed. Modifying the equation given by Mathpal and wh~re, Ein(t) IS the electrIc fieldmslde th~ :hundercloud

Varshneya8 10 the point P just beneath the at Instant t and can be represented by

I thundercloud, the electric field growth rate at this dEin (I -C J
"~ point P at the ground surface may be expressed as ~=e;;--{F(t)[IX-F(t)Ein(t)P]

~ = -D2[(L+H)2_L2/3]. Jin(t) (I) +A1Ein(t)[W-A2Ei~(t)]} ...(6)
dt 80Z3(H+LI2) ...

h .
h ... f " h f dZ ' h F(t) = KF'(t)/[exp«p). tiT)] ...(7)

were 80 IS t e permittivity 0 t e ree space an IS t e " "

vertical height of the cloud centre from the ground F'(t)= jEin(t)ex « ).t/T)dt ...(8)
surface. The parameter Jin represents the current 0 p p

density inside the thundercloud and may be given by dF'(t)

Jin(t) = F(t) [1X-F(t)Ein(t)P] ~=Ein(t)exp«p).t/T) ...(9)

+A1Ein(t)[W-A2Ei~(t)] ...(2)
) Here W is the downdraft velocity. For the details of and

Eq. (2) the reader is referred to Mathpal et ap4. C2 = { [(L + 11)2 + D2]1/2 -(L2 + D2)i/2

As pointed out previously the electric field at the 2

ground surface is the superposition of fields due to D2 r(L2 + Dl)1/2 + L
J}/thundercloud and space charge layer produced by -4LlnL(L;t+D~)17~-L [H+L/2] ...(10)

corona near the ground surface. Including the corona

space charge effect, the electric field, Eout, at point P on Here, (p) is the average rebound probability of cloud

the ground surface will be given by drops and t is relaxation time.

Standler and Winn2 observed that the electric field..., 

~= -D2[(L+!:!22_L2/3][Jin(t)+J"Cr(t)] ...(3) at a few hundred metres above the ground surface is
, dt 80 z3 .(H +L/2) several times larger than that at the ground surface.

Therefore, to evaluate it theoretically we consider a
where, J cr(t) is the corona current density at the ground case in which we compute electric field growth rates

surface at the instant t. and maximum electric fields at a point P' which is at
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vertical heighth' from the ground surface. It has beenassumed that corona space charge affects the electric '0

field only at the ground surface. The notable feature of ~
this aspect is that in such cases the charge of real cloud
affects more the electric field than the charge of image '0'

-cloud produced by the conducting earth. It happens
due to proximity of the observational point to the real
cloud (Fig. 1). Therefore, rate of electric field at a point '00
pi at vertical height h' from the ground surface may be
given by "IE L = '.5 km

~ = - [D2[(Lt_/l)2 -~~/3][Zi+Zl] J ~ -10' ~ ~ ~;5k:m
dt 26ozi.zl(H +L/2) ~ h = 4 km

X {F(t) [IX -F(t) EiJt)fJ] ...;

+ A 1 Ein(t) [W-A2Ei;(t)]} ...(11) S_2
w -IV

where ~

ZR= L+H+h-h' ~
Zl= L+H+h+h' 9 -~ ).

It would be worthy of mentioning here that the ~ w.
electric field at the ground surface is produced by real CORONA
and imaginary cloud because earth is assumed as 4 PRODUCTION

.-10 \ \' ,conducting. \ ,', " -.;
\' "-, ..

4 Computation and Discussion
A computer programme was run to solve Eqs. (5), (6) -1~ 30 1200 1SOO "00 2100and (9) simultaneously using Runge-Kutta method1S. 0 800 900TIME

To solve these equation numerically, we assume that ,5
initially at t=O, Ein=Eout=100Vm-1 (fair weather Fig.2-Rates of gr~wth of the electric field (with. and without

...corona effect) at a pomt on the ground surface for varIous values of
electrIc field). Generally, 10 evaluations, we take L downdraft velocity
= 1.5 km, H=0.5 km, D= 1.25 km, po= 10 mmhr-1,
<P) = 1.0 and or = 100 s [Math pal and Varshneya8]. ~.
The text shows that the growth rate of electric field at For example, assuming W = 2 ms -1, values for
the ground surface is associated with the strength of (Eou.}max ~ -6.7 x 103 Vm -1 and -2.1 x 104 Vm -1

developing electric field inside the thundercloud and are obtained with and without considering corona
the height of cloud base from the ground surface. In effect, respectively. It is also noted that after
the present paper, both cases have been studied production of corona space charge, a higher field
including the effect of corona space charge. The growth does not contribute much to the maximum
downward directed electric field is termed as positive intensity of ground electric field. Of couse, a higher
electric field throughout the discussion. field growth takes less time to reach threshold value of

There are many parameters (downdraft velocity W, electric field to initiate corona. /
cloud wi<rth D, precipitation intensity po, etc.) which The effect of cloud base height on ground electric j
affect the development of electric field inside the field growth rates and maximum electric fields, has !

thundercloud. Electric field inside thundercloud and also been carried out. Again both the cases (with and
electric field at the ground surface are interdependent. without corona effect) have been studied simul-
Therefore, these parameters also influence the build- taneously. The values of electric field, Eout and the
up of ground electric field. To assess the significance of corresponding times to obtain them are shown in
corona space charge on the growth rates of ground Fig. 3. Here we obtain (Eou.}max ~ -3.7 x 104 Vm-1
electric field, calculations have been made for several without corona influence, and (Eou.}max ~ -7.1
values of W. Fig. 2 shows that the growth rates of x 103 Vm -1 when corona effect is included at the
ground electric fields are reduced tremendously when ground surface (h = 3 km). Fig. 3 shows that lower base
electric field exceeds its threshold value required to clouds produce higher maximum electric field at the ~
initiate corona. Moreover, this reduced growth rate of ground surface. It is evident from Fig. 3 that in such
electric field also limits the magnitude of maximum clouds the magnitude of electric field is several times
electric field, (Eou.}max reaching at the ground surface. reduced due to corona space charge. The calculated
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Table I-Calculated Values of Electric Field at the Ground Level due to a> 
Thundercloud for Various Values of W, Po and h

[taking L= 1.5 km, H=0.5 km, D= 1.25 km]

W Po h Maximum ground electric field {E.uJ_.
-1 h -1 kms mm r m clccc

Without corona space charge With c~rona space charge

(E.uJ_.. Time (E.uJ_.. Time
103Ym-' s 103Ym-' s

0 10 4 -6.3 1360 -17.0 1550

2 10 4 -6.7 1010 -21;3 1130
4 10 4 -7.1 790 -26.3 900
6 10 4 -7.5 660 -31.8 730

4 10 2 -7.8 990 -72.1 1130
4 10 3 -7.1 1000 -37.0 1130
4 10 4 -6.7 1010 -21.3 1130
4 10 5 -6.4 1030 -13.4 1130

4 5 4 -6.3 1550 -18.2 1750

4 10 4 -6.8 1010 -21.3 1130
4 20 4 -7.2 680 -25.9 750

4 30 4 -7.6 540 -29.5 600
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Fig. 3-Rates of growth of the electric field (with and without
c;orona effect) at a point on the ground surface for various values of Fig. 4-Rates of growth of electric field on ground and 300 m above

cloud base height the ground surface just beneath the thundercloud
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than 10 kVm -1. Such electric fields (Table 2) have been
Table 2-0bserved Valu~s of Electr~c Field at observed by several investigators2.s,9.11.12,16. Tables I

Ground Level by VarIous Investigators and 2 show a good consistency between theoretically ~

I t. t Ob d .t d f calculated and experimentally observed value ofnves Iga or serve magm u eo. .
ground electric field ground electrIC field under a thundercloud. This

k Vm -I numerical simulation assesses the significanc~ of

Standler and Winn2 ~ 10 corona on ground electric field and aloft and provides
Winn et al.' ~ 15 more accurate values of ground electric field.
Livingston and Krider9 ~8
Vonnegutll ~IO
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