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Development of Mathematical Model for Both Solute Transport in Snow
and Isotopic Evolution of Snowmelt
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ABSTRACT

Chemical and isotopic variations of snowmelt provide important clues for understanding snowmelt processes and the
timing and contribution of snowmelt to catchment or watershed in spring. The newly developed model includes a
hydraulic exchange between mobile and immobile water (®), and isotopic exchanges between both mobile water and ice
(/1) and immobile water and ice (£). Since the new model is based on the mobile-immobile water conceptualization,
which is widely used for describing chemical tracer transport in snow, it allows simultaneous calculations of chemical as
well as isotopic variations in snowpack discharge. We compare the model results with a study of solute transport and
isotopic evolution of snowmelt in snow, using artificial rain-on-snow experiments with conservative anion (Br~). These
observations are used to test the newly developed model and to better understand physical processes in a seasonal
snowpack where our model simulates the chemical and isotopic variations.
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Fig. 1. Conceptual diagrams of existing models (a) mobile-
immobile water model (b) ice-liquid exchange model.
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Fig. 2. A conceptual diagram of a new model incoporating
mobile and immobile water.
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Table 1. Model comparison for solute transport in snow

Feng et al. (2001) Lee et al. (2008a, 2008b)

One-dimensional water percolation in snow

Governing equation .
by mass conservation

Same as Feng et al. (2001)

Surface: Water entering snowpack (rainfall
and snowmelt) equals water that leaves the
surface layer

Surface: Two types of boundary conditions

Bound diti .
oundaty condition (sudden increase of decrease of S)

Water flow Water flow Preferential flow conditions Same as Feng et al. (2001)
Assumed immobile water content (S;) Used observed values (S;, ¢)
Used parameters Calculated porosity (@) Calibrated by adjusting parameters to fit
Reference values chosen (n, k) obsered results (n, k)
Snowpack thickness Constant Reduced based on input energy
. . Advection, dispersion, and mobile-immo- Same as Feng et al. (2001) except that S
Governing equation . . .
bile water exchange and u are functions of time and space
Surface: Solute fluxes entering snowpack
Boundary conditions Surface: No-flux boundary condition equal to that of solute that leaves the sur-
Bottom: Free-draining condition (D =0) face layer
Solute transport Bottom: Zero concentration gradient

Experimental observation agrees well with
Used parameters exponential increase of exchange rate con-
stant () with water content (S)

Initial conditions for mobile Solutes are concentrated only in immobile Both mobile and immobile waters are
and immobile water phase  water clean

Exchange rate constant (@) depending on
water velocity (u)

Net radiative energy flux (not used in the

Snowmelt calculations
model)

Net radiative energy flux and temperature

Entire melted surface layer incorporated

Snowmelt processes None . .
into mobile water

Table 2. Model comparison for isotopic evolution of snowmelt

Descriptions
Taylor et al. (2001), Feng et al. Advection, ice-liquid water isotopic exchange (Assuming D = 0)

(2002) and Lee et al. (2010b)  Fraction of ice participation (7= a??—%”)’ where f<1
Advection, dispersion, ice-mobile water isotopic exchange, ice-immobile water isotopic exchange,
mobile-immobile water exchange
S and u (flow velocity) are not constant (flow condition is fully considered)

Lee et al. (2010a)

Fractions of ice participating in the isotopic exchanges with the mobile water (y,, = amb{lb 7 ) and

immobile water (y,, = l;;f%;f; ), where f;+/£<1
ol-g-ate] ANQteFITH. A 4 Atk Fig. 200 oHE NdS BAEE YERARL
o] AYATAANE niEoE gHo I8t 24 2 F th. mobile?}t immobile water =5 IAVIR] A5 F
YUa HEL I 73 = e 2AS AAsE YDA w3HS-S immobile water7} mobile waterol] H]
FAGT Slo] vz FHAE o83l AFsh= 3 FHAAwEE-S o ARFERE & 5 Q7] wiEol
o] Ego] F Aotk ellA Argh Fodarde MEZ e 9L =4S 7HE Aotk Lee et
mobile?} immobile water®] 2]8HQ1 WS I12iE}A] al.2010a)y= o3 EE)X As aEfate] Al 71
T}, 89 kRS Adshes MIMS: o83l & AE(LS, mobile & immobile water)®] FLAHEF
o] FHEARES 7T vl tigk oES 7t g seleAs I AR 4 Qe RdS AAsT
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Fig. 3. Experimental observations from the two artificial rain-on-
snow event. (a) Water input, including artificial rainstorms and
calculated snowmelt rates. (b) Water output. (c) Bromide
concentrations in the discharge from the experiments Lee et al.
(2008a). (d) Oxygen and (e) hydrogen isotopic composition in
the discharge.
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