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Box-model simulation for variation of atmospheric chemical composition 
caused by solar energetic particles 
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The atmospheric effect of energetic particles from the 
giant solar flares (solar energetic particles: SEPs) has been 
attracting attention in recent years. High-energy protons in 
SEPs can intrude down to the stratosphere and cause 
dissociation of nitrogen molecules in the middle atmosphere. 
This induced an increase in reactive odd nitrogen species 
(NOy) and decrease in ozone through subsequent chemical 
reactions over a period lasting longer than the SEP events, 
which typically continue for 3-7 days. The concentration 
variations of several chemical species with SEP events have 
been observed, and related simulations have been 
attempted.1-3) 

We have investigated the variation of chemical 
composition induced by SEP protons using the box-model 
simulation, which includes multitudinous reactions for 
various ionic and neutral chemical species in the middle 
atmosphere, but no transport processes.4,5) The box-model 
simulations in the altitude range of 20-65 km were applied 
to the SEP event in October-November 2003. In this 
simulation, we adopted 77 chemical species including both 
positive and negative ions and 482 chemical reactions 
including various types of ionic reactions for the gas phase 
chemistry in the middle atmosphere.5) The simulation was 
performed using commercial software (FACSIMILE, 
MCPA Software Ltd). 

The prompt products generated through radiolysis 
processes by the SEP protons induce subsequent ionic and 
neutral reactions (SEP-induced reactions). Thus, the 
production rates of the prompt products are estimated using 
the G-values (amount of products per absorbed energy of 
100 eV)6,7) under the assumption that the yield of the 
prompt products is determined only with the energy deposit 
in the air. The day-by-day energy deposits with two peaks 
during the SEP event were estimated through the 
calculation of daily ion-pair creation rate by the SEP 
protons2). We also assume that the prompt products are 
charged and neutral products generated from nitrogen and 
oxygen molecules.4,5) 

Figure 1 shows the preliminary results of the energy 
deposit rate in a unit volume of the air, the variation of the 
ozone concentration (ΔO3), and that of the NOy 
concentration (ΔNOy) at a 50km altitude in the northern 
polar region for the SEP event in October-November 2003. 
The variation of each chemical species induced by SEP 
protons was estimated as the difference between the result 
considering both SEP-induced and photochemical reactions 
and that considering only photochemical reactions using the 
same initial condition. The ΔO3 responds to the increase in  
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Figure 1. Preliminary results for the energy deposit rate in a 
unit volume of the air, the variation of the ozone 
concentration and that of NOy at a 50km altitude, caused by 
SEP protons. The SEP event started on October 28, 2003. 
 
energy deposit very quickly. After the SEP event, the ΔO3 
increases again but does not completely recover to the 
pre-event value. On the other hand, ΔNOy increases during 
the SEP event and recovers very slowly after the event, 
maintaining its value for a few weeks or more. The 
depletion of ozone after the SEP event presumably remains 
because of the ozone consumption in the catalytic reaction 
cycle involving NOy. 
 In near future, the variations estimated by the box-model 
for a short term will be input into a three-dimensional 
chemical climate model8) as instantaneous perturbation for 
investigation of the global and long-term influence. 
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 Ice core samples contain information about the geological 
history of Earth, including past climate changes. Dome Fuji, 
situated at the highest point of land in central Antarctica, is 
considered one of the best drilling locations for procuring 
samples for reconstructing past climates and environments.  
 We present here fundamental data on the concentrations of 
dissolved ions in shallow samples, between depths of 7.7 m 
and 65.0 m, from the Dome Fuji ice core drilled in 2001. A 
total of 1435 samples were obtained for analysis. The 
measured anions were HCOO–, CH3COO–, CH3SO3

–, F–, 
Cl–, NO2

–, NO3
–, SO4

2–, C2O4
2–, and PO4

3–, and the cations 
were Na+, K+, Mg2+, Ca2+, and NH4

+. The measurements 
were carried out using ion chromatography. The temporal 
resolution of the depth profiles of the ion concentrations 
was less than one year. No significant correlations were 
observed among these ions except between Na+ and Cl–.  
 Figure 1 shows the ion balance in the core, based on the 
averaged ion concentrations of the samples. As shown in 
this figure, the ion balance in the ice core was far different 
from that of sea salt, a result consistent with a finding of 
previous studies1),2). The previous studies and our data 
imply the probability that precipitation around Dome Fuji 
might reflect conditions in the stratosphere.  

Fig. 1. Relative ion composition of the ice core (left) and 
sea salt (right). 

 In several samples, however, synchronous concentration 
peaks of Cl– and Na+ were identified, and the Cl–/Na+ ratios 
of the corresponding samples were close to the sea salt ratio. 
Figure 2 shows a plot of Cl– vs. Na+ concentrations and 
several samples exhibit Cl–/Na+ ratios close to that of the 
sea salt (dashed line). This observation indicates the 
possibility  
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that climate conditions were such that precipitation 
containing sea salt occurred in the Dome Fuji area. The 
effect of sea salt can hardly be recognized around Dome 
Fuji thus far. This is a new finding by the analysis of 
high-resolution depth profiles of Na+ and Cl– concentrations. 
On the other hand, the Cl–/Na+ ratio of samples that did not 
exhibit Na+ and Cl– peaks in the depth profile differed from 
that previously reported for the covering snow3), 4).  This 
result implies that Cl–, but not Na+, was redistributed after 
the snow had fallen. According to Fujita et al., (in press)5), 
it is probable that high concentrations of sulphate made the 
Cl- ion mobile in ice cores and the concentration of Cl- was 
smoothed out. This might account for the alteration of 
Cl–/Na+ ratios and the distribution, exhibiting the dotted line 
in Fig. 2, has been achieved. To interpret these observations 
and elucidate the climatic conditions that might account for 
them, further studies to examine the transportation of water 
into Antarctica and the metamorphism of ice, such as 
isotopic analyses of δD and δ18O, will be required. 

Fig. 2. Scatter plot of Na+ vs. Cl– concentrations in shallow 
samples, between 7.7 m and 65.0 m depth, from the Dome 
Fuji ice core drilled in 2001. 
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