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Fifteen years after the discovery and first observation of sprites, 
The excitement and discoveries of new upper atmospheric phenomena driven (or
somehow initiated by) lightning discharges continues.  Increasingly sophisticated
measurements especially combined measurements from the ground- and from
spacecraft, now offer the promise of quantitative understanding of the
underlying mechanisms, as well as allowing the assessment of the overall effect
of these phenomena on the mesosphere, ionosphere and the radiation belts.   In
terms of long-term and lasting effects on these upper atmospheric regions,
three of the phenomena offer the greatest promise,  (i) lightning-induced
electron precipitation (LEP), (ii) Elves, and (iii) terrestrial gamma-ray flashes
(TGFs).  LEP events are the oldest form of ionospheric/ magnetospheric effects
of lightning that have been known for decades, but there is now an accumulation
of evidence (ground- and satellite-based observations) indicating that it may
play a dominant role in the loss of radiation belt electrons on global scale.     In
terms of lasting effects on the ionosphere, Elves, now documented (by ISUAL)
to be occurring much more commonly than sprites offers the best promise.  The
production and maintenance of enhanced ionization in the nighttime D-region
above thunderstorms, especially in case of successive flashes in high-flash-rate
storms, may have global implications on the state of the lower ionosphere.
TGFs, now documented (by RHESSI) to be occurring much more commonly than
previously believed, offer the potential possibility of affecting the radiation belt
particle population, as well as producing ionization in the geomagnetically
conjugate hemisphere, thus enhancing the global effects of each thunderstorm.
In evaluating global effects, especially of LEPs and TGFs, the geomagnetic
latitude dependence of the phenomena needs to be considered For example,
even though LEP event rates and their relationship with causative lightning
occurrence rates may be established experimentally at mid-latitudes, it should
be noted that   lightning discharges at lower latitudes (near the equator) are
much less likely to lead to LEP events.   Similarly, any magnetospheric effects of
TGFs or the energetic electron beams that produce them will be highly
dependent on the geomagnetic latitude of the parent lightning flashes.   On the
other hand, estimation of ionospheric effects of Elves can be more
straightforward, since the interaction of the lightning-EMP with the lower
ionosphere that leads to Elves is not expected to exhibit any significant
dependence on the geomagnetic field.   In this paper, we review recent
experimental results, and provide approximate theoretical estimates of the
effects on the ionosphere/magnetosphere of LEPs, Elves, and TGFs.   Our
estimates are scaled from established effects in individual cases, weighted and
scaled by lightning occurrence rates, and by taking into account the
geomagnetic latitude dependences.


