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Snow DynamicsSnow DynamicsSnow DynamicsSnow Dynamics
Snowfall Snowfall 
Accumulation andAccumulation andAccumulation and Accumulation and 
Redistribution by Redistribution by 
Wind and Wind and 
VegetationVegetation
Snow Ablation by Snow Ablation by 
melt & sublimationmelt & sublimationmelt & sublimationmelt & sublimation
Forest and shrub Forest and shrub 
effects oneffects oneffects on effects on 
accumulation and accumulation and 
meltmelt



Snow Regimes Snow Regimes 
F t SF t S O SO SForest Snow      Forest Snow      –– Open SnowOpen Snow



Blowing Snow Transport Over Complex Blowing Snow Transport Over Complex 
T iT iTerrainTerrain
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Linear simulation of westerly flow over Wolf Creek, Yukon
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Simulation of Hillslope Snowdrift

3 km
Distributed Blowing Snow Model
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Snowmelt RateSnowmelt RateSnowmelt RateSnowmelt Rate
At a point controlled by At a point controlled by p yp y
energy inputs, snow energy inputs, snow 
internal energy and internal energy and 
available snow massavailable snow mass
Over some area controlled Over some area controlled 
by the spatial distribution by the spatial distribution 
of snow mass (includingof snow mass (includingof snow mass (including of snow mass (including 
snow covered area) and snow covered area) and 
energy inputs energy inputs 
Strong influence ofStrong influence ofStrong influence of Strong influence of 
topography and vegetationtopography and vegetation



Coupled Mass and Energy Coupled Mass and Energy 
E ti f S ltE ti f S ltEquations for SnowmeltEquations for Snowmelt

MELT of SWE S =MELT of SWE S = QQMM // λλffMELT of SWE, S  MELT of SWE, S  QQM M / / λλff

Melt Energy QMelt Energy QMM = = gygy MM
Q*Q* + + QQHH –– QQEE + + QQPP –– QQGG –– dU/dt dU/dt 

Q* Net radiationQ* Net radiation (+ to snow surface) (=K(+ to snow surface) (=K↓↓--K↑+L↓K↑+L↓--L↑)L↑)
QQHH Sensible energySensible energy (+ towards snow surface) (+ towards snow surface) 
QQEE Latent energyLatent energy (+ away from snow surface)(+ away from snow surface)EE gygy ( y )( y )
QQPP Advected energy from precipitationAdvected energy from precipitation (+ to snow)(+ to snow)
QQGG Ground heat fluxGround heat flux (+ downward from snow)(+ downward from snow)
dU/dt Internal energy change (+ loss from melt)dU/dt Internal energy change (+ loss from melt)dU/dt Internal energy change (+ loss from melt)dU/dt Internal energy change (+ loss from melt)
λλff latent heat of fusionlatent heat of fusion



Real World SnowpacksReal World SnowpacksReal World SnowpacksReal World Snowpacks



Snow Exchange Realistic ViewSnow Exchange Realistic ViewSnow Exchange Realistic ViewSnow Exchange Realistic View

P i it ti

Longwave exchange Longwave exchange 
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Some Problems with SnowmeltSome Problems with SnowmeltSome Problems with Snowmelt Some Problems with Snowmelt 
CalculationsCalculations

Heterogeneity of atmospheric and radiative exchangeHeterogeneity of atmospheric and radiative exchange
Longwave exchange occurs at snow surface, shortwave Longwave exchange occurs at snow surface, shortwave 
exchange occurs in upper snow layers.exchange occurs in upper snow layers.
WhereWhere are atmospheric exchanges occurring?  Not only are atmospheric exchanges occurring?  Not only 
the snow surfacethe snow surface
Coupling between snow surface and internal energetics Coupling between snow surface and internal energetics 
poorly understood.poorly understood.
Mixture of “wet” snow preferential flow zones and impedingMixture of “wet” snow preferential flow zones and impedingMixture of wet  snow preferential flow zones and impeding Mixture of wet  snow preferential flow zones and impeding 
layers (~0 layers (~0 ooC) and “cold” snow zones (<0 C) and “cold” snow zones (<0 ooC)C)
Difficulty in coupling snow and frozen ground energetics, Difficulty in coupling snow and frozen ground energetics, 

ffphase change and mass transferphase change and mass transfer



Turbulence generation Turbulence generation 
mechanisms in mountainsmechanisms in mountains

upper level winds

strong shear zone

valley winds

transported turbulence

surface winds (internal B-L)
tributary valley

winds

flux tower in clearing

QH = -ρ cp (Ts-Ta) f(u)
QE = -ρ λs (qa-q*(Ts)) f(u), where surface saturated is at Ts



Slope Forest TransmissivitySlope Forest Transmissivity
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Incoming Longwave in MountainsIncoming Longwave in MountainsIncoming Longwave in MountainsIncoming Longwave in Mountains
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Solar radiation to snow beneath shrubs and trees
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Modelling Sub-alpine Shortwave Radiation

Lidar and canopy delineation Shadow simulation

Essery et al. (2007). Journal of Hydrometeorology.



Upscaling Sub-alpine Shortwave Radiation

Simulated skyview Simulated skyview
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Hot TreesHot TreesHot TreesHot Trees



Longwave Exitance Pine StandLongwave Exitance Pine StandLongwave Exitance Pine StandLongwave Exitance Pine Stand
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LiDARLiDARLiDARLiDAR

Marmot Creek “honeycomb” clearings and spruce forest



Plateau Valley
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How Well Do Models Simulate Snow?How Well Do Models Simulate Snow?

Snowmip2  http://xweb.geos.ed.ac.uk/~ressery/SnowMIP2/results.html


