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The storage and transformations of water as snow and water vapour are largely overlooked in the
winter period by present hydrological and global circulation models, yet at high latitudes and
altitudes the annual magnitude of the fluxes are large and quite sensitive to climate, vegetation and
terrain. The primary processes that influence accumulation are interception of snow in coniferous
forests and wind redistribution of snow in open areas. Sublimation is concomitant with these
processes and presents a notable annual flux of water vapour to the atmosphere. Snow fluxes have
been examined in recent campaigns conducted at four Canadian GEWEX "observatories" in the
MAGS "domain" 1) Southern boreal forest: Waskesiu, Sask. with pine, mixed-wood, burned, clear-cut and
regenerating clear-cut sites,
2) Boreal-alpine transition: Whitehorse, Yukon with alpine, shrub-tundra, and forest sites in Wolf
Creek,
3) Subarctic forest-tundra: Havikpak Creek, Inuvik, NWT and
4) Arctic tundra: Trail Valley Creek, north of Inuvik, NWT.
The measurements have been complemented by modelling of blowing snow and intercepted snow
processes and initial linkages with land-surface models and GCMs. Recent results are highlighted
by:
i) Interception storage function. Up to 60% of snowfall can be intercepted in mid-winter by
conifers. A process-based model has been developed that represents snow accumulation in
boreal forest canopies. Weighed conifers and comparative snow surveys validate the results.
ii) Exposure parameterisation of intercepted snow. Fractal geometry indexes the exposure of snow
in the forest canopy for use in sublimation rate calculations. An exposure coefficient model
has been developed for intercepted snow that in conjunction with the interception storage
algorithms can provide the amount and degree of exposure of intercepted snow for use in
energy balance evaporation/sublimation schemes.
iii) Sublimation from intercepted snow. Snow exposure, intercepted snow mass and within-canopy
energy balance are used to determine snow sublimation from coniferous canopies using a
single particle energy and mass balance scaled up to the forest stand canopy scale..
Sublimation losses are 30-35% of annual snowfall for conifers in the southern boreal forest,
less in more northerly forests..
iv) Energy balance of the winter boreal forest. The latent heat flux can be notable and variable, its
direction governed by conifer coverage and the load of intercepted snow. Radiation is
extinguished and emitted by the coniferous canopy, affecting the energetics of snow beneath
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and the atmosphere above. A canopy radiation model has been developed and its
implications for snow ablation explored. Early results show that canopy alteration of the
radiation regime extends the length of the snowmelt period 3 fold under dense canopies
compared to adjacent open areas.
v) Blowing snow transport threshold condition. Two new algorithms predict the threshold wind
speed for transport and the probability of occurrence of blowing snow. The algorithms
permits application of physically-complete blowing snow algorithms to a variety of
environments and data sets and solve the problem of scaling from point representations to
larger snowfields.
vi) Distributed Blowing Snow Model (DBSM). Landscape classifications, a regional snow budget
and blowing snow flux routines calculate blowing snow fluxes over complex land surfaces.
The DBSM has been applied and tested in an Arctic and subarctic catchment. It realistically
represents the distribution of snow water equivalent and matched basin snow accumulation
within 6%. Sublimation losses were small for the subarctic basin, about 21% over the arctic
basin and 30% from tundra surfaces.
vii) Blowing snow in alpine terrain. Fluxes of latent heat and snow particles along a northern
alpine ridge crest suggest that small-scale advection of energy plays an important role in
driving sublimation fluxes in mountain basins. Mass and energy balances are being
calculated for alpine blowing snow and provision is being made for an implementation in
SLURP of blowing snow routines for this environment.
The field and modelling results show that winter snow transformations are critical elements of the
global cycle of water and energy in cold environments. Many of these transformation have been
unrecognised before this study. As the field datasets mature, robust algorithms describing these
processes are being developed for implementation in hydrological and land surface models that will
contribute to GEWEX modelling efforts.
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