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Introduction:  Astrophysical ionizing radiation
events have been recognized as a potential threat to life
on Earth for decades. Although there is some direct
biological damage on the surface from redistributed
radiation [1,2] several studies have indicated that the
greatest long term threat is from ozone depletion and
subsequent heightened solar ultraviolet (UV) radiation
[3,4,5,6]. Stratospheric ozone normally shields sur-
face-dwelling life from harmful UV, particularly the
UVB band, 280-315 nm. Atmospheric ionization,
caused by high energy photons or cosmic ray particles,
creates nitrogen oxides (most importantly NO and
NO,) which catalytically destroy ozone. Depending on
the event’s energy fluence and spectrum, this depletion
can be severe and long lived, leading to greatly in-
creased surface irradiation by solar UV [5,7]. 1t is
known that organisms exposed to this irradiation expe-
rience harmful effects such as sunburn and even direct
damage to DNA, proteins, or other cellular structures.

Simulations of the atmospheric effects of a variety
of events (such as supernovae, gamma-ray bursts, and
solar proton events) have been previously published,
along with estimates of biological damage at Earth’s
surface [4,5,7,8]. In the present work, we employed
the TUV radiative transfer model [9] to expand and
improve calculations of surface-level irradiance and
biological impacts following an ionizing radiation
event. We considered changes in surface-level UVB,
UVA, and photosynthetically active radiation (visible
light) for clear-sky conditions and fixed aerosol pa-
rameter values.

Using biological weighting functions included in
the TUV model we have considered a wide range of
effects, including: erythema and skin cancer in hu-
mans; inhibition of photosynthesis in the diatom Phae-
odactylum sp. and dinoflagellate Prorocentrum mi-
cans; inhibition of carbon fixation in Antarctic phyto-
plankton; inhibition of growth of oat (4vena sativa L.
cv. Otana) seedlings; and cataracts.

We found that past work [5,7] overestimated UVB
irradiance, but that relative estimates for increase in
exposure to DNA damaging radiation are still similar
to our improved calculations. We also found that the
intensity of biologically damaging radiation varies
widely with organism and specific impact considered;
these results have implications for biosphere-level

damage following astrophysical ionizing radiation
events.

When considering changes in surface-level visible
light irradiance, we found that, contrary to previous
assumptions, a decrease in irradiance is only present
for a short time in very limited geographical areas;
instead we found a net increase for most of the mod-
eled time-space region. This result has implications
for proposed climate changes associated with ionizing
radiation events [10].
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