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Calculate a photolysis rate of NO3
– 

( ) ( ) ( ) !!!!" dFJ tot# $=

J is the photolytic rate constant (s-1). 
σ  is the absorption cross section. 
Φ is the quantum yield. 
Ftot is the total actinic flux 



“Actinic flux” in snowpack data set available), while values of 6–30 m2 kg!1 seem
plausible for dry snow. The specific value for a given snow
type likely depends upon factors such as freshness and/or
grain size which we cannot distinguish from the available
information.

4. Actinic Flux in Snow

[15] Solar radiation is almost invariably measured as
down-welling irradiance, E(l)#, whereas total actinic flux,
F(l), is of more direct relevance to photochemistry. The
scattering behavior of light in snow is analogous to that in
the upper levels of clouds [Madronich, 1987]. Under clear
sky conditions, direct light and diffuse light resulting from
mainly forward scattering both contribute to E(l)# and F(l)
in the top few centimeters of the snowpack. For solar zenith
angles (q) smaller than about 50!, near-surface diffuse
contributions increase more rapidly than direct contributions
are attenuated, thus E(l)# and F(l) increase in the upper-
most zone of the snow relative to values just above the snow
surface (Figures 4a and 4b). Conversely, at larger q the
direct light component has a shorter vertical attenuation
depth while some forward scattering leads to light escaping
from the snow, and so E(l)# and F(l) decrease more rapidly
in the uppermost zone than they do at deeper levels. Thus
the near-surface enhancement or attenuation of E(l)# and
F(l) depends upon a combination of solar zenith angle,
snow density, scattering and absorption coefficients, and
wavelength (which determines the direct/diffuse ratio of the
incident atmospheric radiation). The angle of the snow
surface is also influential, however our simulations assume
horizontal surfaces for simplicity. At deeper levels (or under
cloudy sky conditions), where all incident light is diffuse
and q is no longer relevant, E(l)# and F(l) are attenuated
approximately exponentially. Absorption by the underlying
surface (e.g., soil) affects the attenuation rate only near the
base of the snow column, where intensity is already
extremely low in this example.
[16] The ratio E(l)#/F(l) is constant with depth in the

diffuse light zone (Figure 4c). E(l)#/F(l) is also near-
constant with l and with varying snow properties, at near
the isotropic limit "0.25 (when expressed in the same units,
e.g., quanta cm!2 s!1 nm!1). However, where direct
incident light is also present (near the surface), the rates
of enhancement and attenuation of F(l) differ from those
for E(l)#, and E(l)#/F(l) depends strongly on q. At q = 70!

Table 1. Derived and Estimated Parameters for Different Snow
Types

Study Snow type
sscatt

(m2 kg!1)
s+

(cm2 kg!1)

Grenfell and
Maykut [1977]

Arctic summer, dry 6.4 7.3

Grenfell and
Maykut [1977]

Arctic summer,
melting

1.1 7.8

Grenfell et al. [1994] South Pole, summer 20–25 0
King and

Simpson [2001]
Arctic spring,
windblown

25–30 4–5

Beaglehole et al. [1998] Coastal Antarctic
snowdrift, summer

6–13 "0.4

Warren [1982] Modeled clean
dry snow

20 0

Figure 4. Depth profiles within a model snowpack of (a)
down-welling spectral irradiance E(l)#, (b) total spectral
actinic flux F(l), and (c) the ratio E(l)#/F(l). Conditions are
l = 450 nm, sscatt = 6 m2 kg!1, s+ = 25 cm2 kg!1, r = 0.1 g
cm!3, clear sky, ground albedo = 0.1. Solar zenith angle q is
denoted by symbols: open squares, q = 5!; open diamonds,
q = 25!; filled triangles, q = 45!; filled circles, q = 65!; plus
signs, q = 85!. Note the different scales in the three panels.
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Measure snow  
reflectivity and 
 e-folding depth 

Radiative transfer 
Calculations to determine 
Light scattering and absorption 
Cross-sections of snowpack 

Calculate (RT) irradiance 
field in and above snowpack  
and calculate J:- 
 
 

Calculate transfer-velocity 
Depth integrated photolysis  
Rate:- 
 

Calculate depth integrated 
Production rate (flux):- 
 
 

! = J dz!

F = x[ ]J dz!

J = !!I d""
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Nadir reflectivity - “albedo” 



Nadir reflectivity - “albedo” 
Target Reference 



Barrow, Alaska, OASIS 2009 
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DOME C 



DOME C 

•  Three snow layers 
•  Soft windpack,  ε~10cm, A<0.98 (λ~400nm) 
•  Hard windpack,  ε~10cm, A<0.98 (λ~400nm) 
•  Hoar-like layer, ε~20cm, A<0.98 (λ~400nm) 
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Fig. 4. Nitrate photolysis rate co-efficient contours for a Dome C snowpack stratigraphy, (as de-

scribed in Table 1), plotted against solar zenith angle and depth into the snowpack. Horizontal

dashed lines represent the changes in the snowpack stratigraphy.
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Fig. 5. Maximum flux of NO2 from the snowpack versus solar zenith angle, assuming all pho-

toproduced NO2 from nitrate photolysis is liberated to the atmosphere. The snowpack stratig-

raphy is taken from Table 1. The central line (dotted circles) is calculated using the dotted

circled nitrate profile from Figure 2. The dotted lines above and below represent minimum and

maximum NO2 fluxes calculated using the other measured nitrate profiles shown in Fig. 2.

11991





Conclusions 

•  Optical properties of snow on seaice 
may be the same as snow on coast. 

•  HULIS, and black carbon are needed to 
explain snow pack absorption. 

•  Photolysis may account for ~70% of 
post deposition loss at Dome C. 



Questions? 



Questions? 
•  “Does digging snowpit effect measurement of e-folding 

depth?” 

•  “Is photochemistry at the snow surface a reliable measure 
of the total snowpack photochemistry?” 

•  “Is the concentration-depth dependence of photolysing 
chemical important?” 

•  “Is the snowpack thickness important for photochemistry?” 
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Is photochemistry at the snow 
surface a reliable measure of 

the total snowpack 
photochemistry? 



“Is photochemistry at the snow 
surface a reliable measure of 

the total snowpack 
photochemistry?” 

 
NO 



Surface photolysis rates 
Depth-integrated production 
rates 



“Is the concentration-depth 
dependence of photolysing 

chemical important?” 



“Is the concentration-depth 
dependence of photolysing 

chemical important?” 
 

Usually not 



Concentration vs light 
dependence 

•  The concentration-depth profile of 
nitrate or hydrogen peroxide can be 
often approximated to surface values. 

•  The irradiance in the snowpack 
decreases exponentially with depth 
changing many orders of magnitude 

•  Concentration changes perhaps an 
order of magnitude. 



Fresh Melting 



Surface photolysis rates 
Depth-integrated production 
rates 

OH radical production from Hydrogen peroxide 
and nitrate photolysis for fresh and melting 
snowpacks (Ny-Alesund) 
 
Melting snowpack:  ε=9.9 cm, A=0.67 
Fresh snowpack:  ε=6.0 cm, A=0.97 
 
Surface photolysis rate: Fresh > Melting 
Depth integrated production rate: Melting> Fresh 
 
 
 
 





“Is the Snowpack Thickness 
important for photochemistry?” 



“Is the Snowpack Thickness 
important for photochemistry?” 

 
YES 








