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Investigations of the possible chemical effects induced in the upper atmosphere by 
lightning-excited electrical breakdown have recently been initiated [1][2].  Sprites are 
the brightest and most commonly occurring of the various observed forms of transient 
breakdown and have been the initial focus of chemical modelling efforts.  Sprites are 
composed of varying numbers of long (~several tens of km) vertical electrical streamers 
that typically span the mesospheric altitude range 50-90 km.  High speed (10,000 fps) 
images have revealed them to consist of bright, compact streamer heads moving at 
speeds of 1-6 x 107 m s-1 [3].  The optical emissions of large sprites typically persist for 
a few- to a few tens-of-milliseconds, and the apparent emission volumes of very large 
events may occupy hundreds to several thousands of cubic km.   The dominant optical 
emissions are 1PN2. 

An optically dark region is observed in the trailing space immediately behind the 
descending bright streamer heads, which indicates that the electric field there is smaller 
than the critical field for breakdown, consistent with both laboratory observations [4] 
and models of sprites as streamers [5].  In the chemical modelling study by Sentman et 
al. [1] the trailing field was formally set to zero.  However, coordinated imaging and 
ELF radio observations suggest there may be an electrical current associated with sprite 
streamers [6], so one may ask if the weak electric fields associated with such sprite 
associated currents produce accompanying chemical effects.    

 That small electric fields may continue to produce residual chemical effects in 
the streamer trailing region is suggested by considering the rate coefficients ktr [cm3 s-1] 
vs. reduced field E/N (Fig. 1).  In the undervoltage regime E < Ek substantial electron 
impact excitation of various species continues, even in the absence of ionization.  Elec-
trons produced by impact ionization within the overvoltage streamer head may therefore 
continue to drive a number of impact processes in the undervoltage trailing column for 
as long as the electrons and a sufficiently large field are present. 

 
Fig. 1 Rate coefficients for electron impact processes in air vs. reduced electric field using analytic 

expressions given in Appendix B of [1]. 



We have explored the effects of currents on the complex chemical dynamics in the 
trailing region of a sprite streamer.  The coupled kinetic model of [1], consisting of 80+ 
species and 800+ chemical reactions, computes the breakdown kinetics and the follow-
on chemical processes along the central axis of a sprite streamer at 70 km altitude.  The 
model for the streamer head is of a weakly ionized cold plasma created by a Gaussian 
pulse of amplitude Eh = 5 Ek, FWHM width of 10 μs.  The model was adapted to 
include an axial current in the trailing region.  In the absence of a physical model for the 
current distribution we adopted a simple ad hoc model consisting of an exponentially 
decaying undervoltage field along the streamer axis that smoothly joins onto the rear 
side of the head pulse.  Calculations were performed for various onset amplitudes Etr = 
0-1.0 Ek with a fixed decay time of 1 ms.  The time constant is approximately consistent 
with the observed duration of sprite-associated ELF signatures [6], and the range of 
amplitudes spans the full range of values smaller than the critical field.   

The principle results of the study are as follows: 
 

1. The O2(a1Δg) rate coefficient is relatively insensitive to the magnitude of the field at 
all levels greater than Etr ~ 0.25 Ek (Fig. 1).  This process dominates all other elec-
tron impact processes at fields below ~0.3 Ek, so it could provide an important link 
to chemistry driven by very small current fields in the trailing column.   

2. For most other neutral species the effects are negligible for small electric fields Etr < 
0.25 Ek, consistent with the small rate coefficients in this undervoltage region (Fig. 
1).  Fields Etr > 0.5 Ek induce significant increases in the concentrations of other 
species by amounts that in most cases increase rapidly with the magnitude of the 
trailing field. 

3. In contrast to the effects on neutral species, an undervoltage trailing field reduces 
the densities of electrons in the undervoltage regime on account of dissociative 
attachment with O2 to produce O-.  The O- densities monotonically increase with 
increasing trail field amplitude, with the increase being more than an order of mag-
nitude when Etr = Ek. 

4. Densities of O(3P) and O(1D) created by electron impact dissociation of O2, and 
densities of electron impact excited N2(X1Σg

+,v=1-4), and N2(A3Σu
+), are enhanced 

by about an order of magnitude for Etr = Ek.  Their respective density profiles differ 
significantly in detail, however, on account of different reactions and quenching 
processes for the species.  

5. N2(B3Πg,v) populations are impact excited in the presence of a trailing field.  The 
associated 1PN2 emissions in the trailing region are enhanced by about an order of 
magnitude in the case of Etr = Ek, with the total time integrated volume emissions 
[photons cm-3] similarly enhanced by the same amount. 
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