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Figure 2a: Atmospheric nitric oxide
1m above snow surface

Figure 2b: Surface ozone
1m above snow surface

Figure 2c: Snow surface nitrate
 top 0.5 cm snow surface

The polar snowpack has a significant impact on atmospheric boundary layer photochemistry.  Its potential to act as an H2O2 reservoir and potential to emit NOx (NO+NO2) from nitrate photoly-
sis in the near-surface snowpack were recently suggested as important factors in altering the oxidative composition of the overlying troposphere. 
We investigated the boundary layer photochemistry at the WAIS-Divide site (79˚S, 112˚W) measuring key photochemically active species - nitric oxide (NO), ozone (O3), nitrate (NO3

-) - during 
the 08-09 WAIS-Divide campaign (Fig. 1). Overall values are in the range of those measured above the West Antarctic Ice Sheet during the ITASE traverses and of those measured at other Ant-
arctic sites, except South Pole Station (Fig. 2).
Using values of nitrate concentration measured in snow surface and in micro snowpits (30 cm depth), we calculated and compared the NO produced from the nitrate photolysis to measured 
concentration. Assuming a boundary layer (BL) height of 100 m [1], local atmospheric NO emissions from NO3

- photolysis in the snowpack is estimated to account for  ~ 40% of NO observed 
above the snow (Fig. 3).
The snowpack source can be significant for NOx levels in the BL above WAIS-Divide. However this impact depends on BL depth, which is in general larger than on the plateau, resulting in lower 
NOx.The site is likely to be affected by transport. Elevated O3 levels point to outflow off the East Antarctic Plateau (EAP), where net O3 production has been observed to occur. Analysis of back-
ward trajectories for the WAIS-Divide site and South Pole station suggest that fast outfow from the EAP may result in high O3 concentrations above the WAIS-Divide site (Fig. 4bA, 4bB). Altitude 
of the coming air and its residence time above the EAP may also impact the observed level of atmospheric oxidants (Fig 4bB, 4bC). Slower atmospheric transport or transport through Antarctic 
coastal regions may result in low concentrations of O3 and other photochemical active species at the WAIS-Divide site (Fig. 4bD, 4bE, 4bF).
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We calculated the rate constant for photolysis of nitrate 
on snow surface j1 for the days of snowpit sampling [4]:  
                 

 with σNO3-(λ): Chu and Anastasio (2003)
   φNO3-(λ) =  2.79x10-3 [5]
   I(λ): radiation transfer model TUV [6].

Snow-surface j1 values
were fit as a function of 
depth (z) with an e-
folding depth, EFD,
of 10 cm [3]:

Nitrate photochemistry in snow:

     Channel 1 = 9 x Channel 2 (1). 
 

NO3
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Figure 3: Simplified photochemistry of the NOx over the West Antarctic Ice Sheet and the East Antarctic Plateau [2,3]
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Hypothesis: 
 - 7-hour NOx lifetime [2]
 - ratio R1:R2 = 9:1
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Figure 4a: Surface O3, atmospheric pressure and NO observed
at the WAIS-Divide site and surface O3 at South Pole station
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Figure 4b: Backward trajectories of specific events observed at the WAIS-Divide site and at South Pole
trajectories calculated with NOAA Hysplit model
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Figure 1: Atmospheric and snow observations
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