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Introduction: Gamma-ray bursts (GRBs) have 

been recognized as the most powerful explosions in the 
universe.  Starting in the 1990’s it was proposed that 
gamma-ray bursts, like supernovae and other astro-
physical sources of ionizing radiation, could pose a 
threat to life on Earth over long time scales [1,2,3].  
The radiation from a GRB is highly beamed, and there-
fore the Earth must fall within that beam in order to be 
impacted.  It has been estimated that the nearest likely 
long duration burst pointed at the Earth in the last bil-
lion years would be on the order of 1 kpc distant [3].   

Our group [4] has performed extensive simulations 
of the likely impact on the Earth’s atmosphere and 
biosphere by a “typical” long duration GRB. The 
gamma radiation from a burst within a few kiloparsecs 
would quickly deplete much of the Earth’s protective 
ozone layer, allowing an increase in solar ultraviolet 
(UV) radiation reaching the surface. This radiation is 
harmful to life, damaging DNA and causing sunburn. 
In addition, NO2 produced in the atmosphere would 
cause a decrease in visible sunlight reaching the sur-
face and could cause global cooling. Nitric acid rain 
could stress portions of the biosphere, but the increased 
nitrate deposition could be helpful to land plants.  A 
brief review of the results to-date can be found in [5], 
and full details can be found in refrences therein. 

Estimating Biospheric Effects:  Significant ozone 
depletion is a clear consequence of a GRB or other 
astrophysical source of ionizing radiation.  Depletion 
of ozone leads to enhancement of surface-level UVB 
radiation (280-315 nm) from the Sun.  It is well known 
that increased UVB has negative consequences for 
organisms.  Our past work used a simple Beer-Lambert 
absorption calculation with modeled ozone column 
densities to estimate the enhancement of surface-level 
UVB.  Combined with a DNA-damage weighting fuc-
tion, this gives an estimate of the biological damage.  
This approach allows a quick evaluation of the spatial 
and temporal features of the biospheric impact of a 
GRB.  However, the calculations employed include 
simplifications which may be problematic in accu-
rately assessing the overall biospheric effect.   

We are particularly interested in connecting GRBs 
and other astrophysical events to mass extinctions in 
the Earth’s history.  We have presented arguments 
based on correlations in depth- and latitude-
dependence of extinction at the late Ordovician mass 
extinction, which match patterns expected for a GRB 
[3,6].  In order to put this connection on a firmer foun-

dation, better estimates of the biospheric damage are 
needed.  

Improving Estimates:  Our current effort is fo-
cused on performing detailed calculations of the im-
pact on marine primary producers following a GRB.  
Such primary producers (phytoplankton) form the base 
of the marine food chain and account for half the 
global primary productivity (and hence O2 production).  
Further, they are obligated to live in the photic zone 
where increases in UVB are most significant.   

Our estimates of the impact on these organisms are 
improved over past work by performing 1) full atmos-
pheric radiative-transfer calculations with realistic pa-
rameter values, along with O3 and NO2 column density 
values from our previous modeling;  2) accurate calcu-
lations of transmission of UV and visible light into the 
water column under various conditions; 3) laboratory 
measurements of weighting functions for the most im-
portant primary producers in the oceans, which com-
bined with calculations of transmitted light will allow 
accurate estimates of the biospheric impact.  This ap-
proach is based on that described in [7,8]. 

We will discuss implemention of a computational 
model that combines atmospheric radiative transfer 
with water transmission and weighting functions for 
primary productivity.  We will present work-in-
progress results of laboratory studies and computations 
using this model with input from past results of model-
ing atmospheric effects of GRBs. 
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