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Derivation of snow compaction term
Yoshida (1955) formulated the snow density change due to gravity and snow metamorphism effect.
						(S-1)
=weight of snow above the layer in terms of SWE (cm)
=viscosity coefficient, a constant for a given density and temperature (cm·hr)
(z, t) = snow density at depth z at time t (g/cm3)
The viscosity coefficient includes two different effects.
					(S-2)
=viscosity coefficient for gravitational compaction
=viscosity coefficient for temperature change
Kojima (1967) obtained following expression from experiments:
 					(S-3)
Mellor (1975) formulated viscosity coefficient for temperature change as follows.
					(S-4)
Anderson (1976) simplified it as,
					(S-5)
Combining (S-1) through (S-5) yields,
 			(S-6)
where
					(S-7)
Assuming the depth averaged snow density corresponds at the 2/3 of the snow depth from the surface (von der Heydt, 1992),
					(S-8)
The predictive ordinary differential equation form of the depth averaged snow density can be obtained by the depth integration (Horne and Kavvas, 1997)  

 				(S-9)
 = depth averaged snow density 
 = depth averaged snow density
Assuming a triangular temperature profile in a snowpack, which indicates snow surface temperature , the compaction term in Equation (1) can be obtained.
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When new snow sits on the snow surface, snow density must be modified as below:
						(S-10)
 = depth averaged snow density (g/cm3)
= snow density change (g/cm3)
= snow depth (cm)
= snow depth change (cm)
 = new snow density (g/cm3)




					(S-11)
Now, snow depth change can be expressed in terms of snowfall rate  (cm/hr) as follows.
					(S-12)
Substituting Equation (S-12) to Equation (S-11) yields
					(S-13)
					(S-14)
When  is sufficiently small, and, one can obtain,
					(S-15)
