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ABSTRACT

& ‘new model for sipulating the areal distribution of snow in shallow ephemeral snowpacks
is presented for typical land use and edge {e.g. fences, ditches) blocks found in rural
watersheds. Model imputs are readily available meteorological information and watershed
land wuse characteristics, The calculated distributions provide an improved basis for
streanflow modelling during canditions of partial snowcover which occur for many large
flood events in Eastern Canada.

INTRODUCTION

In an earlier paper (Schroeter and Whiteley, 1987}, we presented the initial development
of an operational areal snpw accumulation-ablation model (ASABM) designed to simulate the
spatial distributieon of snow in shallow ephemeral snowpacks throughoui the winter. The
calculated distributions provide an improved basis for streanfiow modelling during the
conditions of opartial snow cover which occur fof many large flood events in  eastern
Canada. :

In this paper, we report improvements to ths snow ercsion and redistribution comporents of
the ABRAM, anrd give initial results of applying ‘the aodel for simulating snow distribution
patterns ip the Upper Grand River valley of southwestern Ontario. The ablation sub-model
processes (refreeze, sublimation, snowpack compaction, snowmelt, rain deposition and
release of liquid water) were outlined in the previous paper, and hence, only a bhrief
summation will be given here. .

RPPROACH 70 BNOW ACCUMULATION MODELLING

The way in which a snow cover accumylates on a watershed has a major bearing upon  the
subsequent pattern of melting. Am initial variation in snowpack depth and structure is
treated by the weather system which deposits the snow. Large local variability is caused
by wind transport and by energy exchange processes (ablation and melt)., These cause
patterns of redistributed snow that differ considerably from those produced by the initial
spowfall, : :

Even though snow accumulation involves a series of complex processes, snow accumulates in
patterns that have considerable similarity from one year to the next. Therefore, our
philosophy in the develaopment of the ASAAM is to exploit this hiah degree of coensistency
in the accumulation process, In addition We wish to wtilize as much existing information
as possible.
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EQUIVALENT ACCUMULATION BLOCKS

Several authors have shown that estimates of the true waier equivalent of a basin snowpack
must account for the variations in snow cover found in different land cover units (Adams,
19763 bBoodison et al., 1981}, Moreaover, Schroster and Whiteley (1986&6) showed decisively
that the ameunt of snow accumulated in ‘edges’ (e.g. ditches or fence lines) cam be large
and must be incloded in calculations of water-equivalent amounts.

Therefore, to account for the spatial distribution of spow cover, the accumulation-
ablation processes are modelled by considering a watershed comprising “equivalent accumu-
lation hlocks' (EAB), each defined according to homogeneous land cover types [e.g. open
fields, $orests)} and edges (e.g. roadway ditches, fence lines and forest-field gdges).
The ‘blacks’ in similar climate zones within the watershed are grouped together for
talculation. Climate zones are the largest possible areas that show acceptable spatial
uniformity in sequences of rainfall, snowfall, air tesperature and wind speed. At present
no account is taken of the crientation of an EAB with respect to the prevailing wind
direction in a climate zpne. The major assumption here is that all blocks of the same type
within a climate zone will accumulate snoWw in a siailar or ‘eguivalent’ manner.

Cellular subdivision within blocks

Yn allow for the snow cover variability within the different block types, each block is
divided into a number of ‘cells’, each representing a portiom of the block area., Each cell
is gefined by a capacity height, H, which denotes the maximum depth of snow that canm be
stored in the cell during full drifting spow conditions. Therefpre, the snow depth
distribution the time of maxismum accumulated snow cover can be used as a direct measure of
the celiular capacity heights. For §ield ang forest blecks, the snow depth at peak
accumulation has been characterized by a Gaussian distribution (Boodison et al., 1981).
Dhserved maximum snow depth profiles for edoe blocks resemble commen geometrical shapes
{e.g. triangular, trapezoidal} (Schroeter and Whiteley, (9B6).

For field and forest block calculations, the cells are arranged by capacity heights from
lowest (cell 1) to highest fcell m) (see Fig. 8a}. The cell capacity heights for edge
blocks are arranged according to measured depths from profile surveys (see Fig. Bb), In
the model, Cell 1 is always assigned the lowest capacity height for a block.

Snowpack representation in a cell

Snowpack stratification, caused by the snow deposition, erosion, redistribution, and
ablation processes, is modelled by dividing each snowpack cell in an EAB into five layers
as defined in Fig. 1. The first layer represents newly deposited snow, the secand layer
Comprises snow that was deposited on - the previous day, and the third layer contains snaow
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Fig. 1 Definition sketch for lavered snowpack concept
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that is elder than two days. If meltwater released from the snowpack cannot infiltrate
into the wunderlying ground, then a saturated bassl layer (layer 4) will develop in the
third layer and can form an ice layer at the very hottom of the snowpack upon refreezing
{layer 5). : '

The top two layers are assumed to be “active’ layers, representing snow that can be eroded
by the wind and hence is available for redistribution. Having been compacted and metamor-
phosed due the ablation process, the bottom three layers make up the ‘stable’ part of the
patk, or snow that iz not transperted by the wind.

There are two wajor components or sub-models in the ASAAM: L. a snow deposition/redistri-
bution wmodel, to sisulate the initial deposition, erosion and redistribution between
snowfalls, apd 2. an ablstion model that arcounts for snowpack dessity changes due to
energy exchanges and meltwater releases fram the pack.

OPERATIONAL CONSIDERATIONS: INPUTB, OUTPUTS AND UFRDATES

Inputa

The ASAAM program is designed to run on a daily basis, and to accept readily avaiiable
meteorological information only (e.g. daily marimum and minimum temperature, daily rain
and snowfall, and mean daily wind speed).

The areal proportion of each land cover and edge type in the watershed are used to define
the 'equivalent accumulation blocks'. This information can be aohtained from topographical
and land use maps or remote sensing imagery if available. The Landsat 5 Thematic Mapper
€30 m resoclution) could be used to find the total area for each of the various land cover
bloeks. For edde block areas {e.q. vroadway ditches), the total length of the edge is
required multiplied by some effective width. ~ Schroeter and Whiteley {(198B4) have suggested
effective widths for edge blocksy for roadway ditches, the effective width is the road
easement; for open field fence lines the width is about 20 to 30 m and for forest-field
edges, the width is about 40 to 50 m.

Qutputs

Output +from the ASAAM provides the initial snowpack conditions (depth and water eguiva-
lent}) required as input to a hydrologic model {e.g. HYMO) from which streamflow predic-
tions are made. For each accumulation block, the ASAAN program outputs the mean depth and
total water content, percent bare area, and the simulated distribution of snow depths.

Updates

As an . operatiomal model, ASAAM is designed to be updated with observed snow depth and
water equivalent measuresents from roeutine snow courss surveys, As such, the component
algorithms are kept as simple as pessible to farilitate medel updates. Where pozsible the
model paramgters are expressed as functions of snow depth and density, which makes it easy
to update the model when observed values of these two parameters are available.

Ten processes (refreeze, sublimation, compaction, rain deposition, snowmelt, basal layer
development, selease of liquid water, new snow deposition, erosion and redistribution)
are considered in medel. The flow chart for the computational steps is given in Fig. 2.
For a given time step during the simulation, each individual process or sub-model is
completed for all snowpack layers, cells and accumulatiom blocks in a climate zone before
proceeding to the mext stage in the flow chart. With the exception of the development of
the snowpack basal layer, each process is considered by starting at the top layer and
working drwnward through the pack. ’ .

The first seven processes are included in the ablation sub-model, and the remaining three
processes are considered in the deposition and redistribution sub-model described later.
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EIMULATION OF ABLATION PROCESSES

The ablation precess calculations are carrigd out for each type of egquivalent accumuls-
tion block {ERE} using a time step of one day. For each cell in an EAE, layer-by-layer
compuiations allow for the downward transmission of water te ‘the soil =urface where
infiltration or runoff occurs. :

In the abiation sub-model {see Schroeter and Whiteley, 1987), a degree-day method is use
tc compute snowmelt and refreeze rates, a constant sublimation rate is assumetd during
below freezing periods, changes in pack density due to compaction are calculated usipg a
growth curve, the liquid water holding capacity of the pack is used to compute the rate of
reltwater released between layers, and constant infiltration and lateral runoff rates are
used to determise the thickness of the basal layer. The major input parameters for
abiztion sub-model are listed in Table 1.
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Fig. 2 Flewchart for computational steps in the ABEAN
NODELLING SNOW DEPOSITION AND REDISTRIBUTION

In. the ASAAW it is assumed that the initial depositior of new smraw can be treated separ-
ately from any erosion and spatial redistribution by wind. Although this is not trie in
reality, ‘tecause blowing snow does occur during initial deposition, any error intraduced
by this assuaption will be corrected during reai-time simulation by updating the apdel
with snow survey measurements.

The redistribution sub-model is based on the observatiﬁn that snow tends to redistribute

by erosion of open fields and deposition in edges (Schroeter and Whiteley, I17B84). 3now in
forests does not redistribute., Mereover, ‘edges’, such a5 a roadway diteh +or exampie,
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have a limiting capacity to accumulate snow. #Hhen this capacity is ewceeded, any new snow
deposited in- the edge will be eroded during the next drifting event. Therefore, the
redistribution sub-model is applied only to open fields and edges.

INITIAL DEPOBITION

On a day when new snow pccurs it is deposited gvenly in each accumulation block within &
given climate zone. The snow layers in each cell of ar EAR are rearranged to account for
new sRow deposits. Snow in layer 2 is added to snow currently stored in layer 3 as follouws

SDEP(3,i,k), = SDEF(3,i,k) + SDEP(Z,i,k)

[13 SWCEZ,i,k) SWC(3,1,k)  + BHC(Z,],k)

f
LHE(3,3,k) = LHD(3, 5,k ¥ LWE(2,5,K)

where SDEF ie the snow depth {(mm} in layer i of cell j in block #, GWC is the solid (icel
water content {mm of liquid water}, LMWC is the liguid-water content {mam}, and the sub-

scripts o and § dennte values of a certain guantity f{e.g, G5WC) before and  after &
specific calculation.

The previous layer | becomeé the current Jayer 2, and the newly deposited snow becomes the
new layer i, so that

[zl SBEF(1,],k) = SNOW; SWC(1,j,k) = NEWDEN # GNDW

where GNOW and NEWDEN are the depth and relative density of the new snow, respectively.
Dbservations have shown NEWDEN in the range from 0,02 to 0.15, with a typical value of 0.1
for most regions (Goodison et al,, 1981}, The liguid water content of new snow iz assumed
te be nil. As a result of snow transfers between layers, the ‘dry’ ({ice content),
relative-to-liguid water, density for layer i, RHOGi,i,k), and the parasity, FOREL,j, k)
are recalculated using

{31 RHO(i,i,k) = SHC{i,,k)/SDEF(i, i, k)

[4] FOR(i,7,k) = 1 - RHD(i,j,k)/0.92
The total snow depth, d in 2 ¢ell is the sum of the individual layer depths (e.q. SDEF) .

Once the new snow has been deposited im each cell of an EAB, the redistribution of snow
between the various edge hlocks is considered.

Spatial treatment of ferest and roadway ditch blocks

Because snow erusion is not permitted in forest blocks, the within block variations are
considered by distriboting the new snow amang each cell in proportion to their capatity
heights.

Plowing of rwural roadways usually takes place during or shortly after new snouwfalls.
Therefore, in order to model the mechkanical movement of snow during plowing operations,
the ditch block cells are arranged so that cell 1 signifies the roadway area, and cells 2
and 3 represent the portion of the ditch immediately adjacent to the road. Then, the total

amount of snow placed in cell 1 using [2) is remaved and placed evenly in cells 2 and 3.

REDIBTRIBUTIGH OF ERODED SNOW

The redistribution of erpded snow is handled in tws stages. First, cell-by-cell snow
erosion and deposition calculations are carried out for each accumulation block in turn as
oputlined in Fig. 3. For each cell, the computed ampunt of eroded snow 1is deposited
within the block in only those cells with capacity to store snow. In stage two (Fig. 4),
any eroded snow that did not deposit in the block during stage 1, becomes available for
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deposition in edée biocks.

The average daily wind speed, WIND(t} for each time step t {measured in ka/k, 10 m apove
the ground surface) from an open site within & climate zone is regquired input to the
redistribution mbodel. These wind speeds must be adjusted by seome facter in order to
correctly identify cnow drifting events. Conseguently, an ‘pffective’ average daily windg
spead, UEFF{t} t(km/h) is used for snow erosion estimates.

[%] UEFF{t) = WINDF % WIND{l}
where WINDF is an effective wind speed adiustment factor.

in some EAB's (e.g. tree fence lines), the actual wind speed is lower than in open
fietd blecks. Therefore, the average daily wind speed, U {in km/h, measured 19 o above the
ground surfacel for a particular block is given by

{al U = WSRF * UEFF(t)

where WSRF is the wind speed reduction factor for block k.

Snow arosion and deposition within blocks

Snow transport by the wind is permitted only in the active layers of the snowpack (layers
1 and 2). The potential smow erosion rate, EP (am/d} for cell j in bleck k is computed
using ap expression proponsed by Schroeter (internal report, School of Engineering, Univer-
sity of Guelph, December 1986},

EF = KE CD T8 for U 3 UC )
[71 ] with 75 = {usUc)” - 1

ER = 0 far U 4 UC

where KE is a constant erosion rate (mm/d) for all cells in the bleck, UC denotes the
critical wind velocity (also 10 p above the ground}! reguired to initiate erosion, b i5 an
erosion exponent (typically b=1.5), TS is the transport stage parameter apd CD is a
factor to account for the snow depth in an EAB esll. When the snow in a particular EAB
{e.g. open cropped Ffield) cell has reached a certain level, the erosion rate is at a
marimum, and so a depth correction factor is intreduced.

g1 CD = 1 - expE-KD (d/HiP3

where KD is a coefficient, O is the total depth of snow in the cell, H is the capacity
depth for the cell, and p is an exponent. For & stubble field, H would be about egual to
the stubble height, whereas for a roadway ditch, H would be equal to the ditch depth. We
assume further that when d=H, CD should be approximately 1. Go, if d=H and CD=0.99, then
Kb=4.4. Bt present, p is set equal to unity.

¥ind (1981) ipdicates that UC increases with snowpack demsity, and from the limited
information that he presents it is assumed that UC is & power law function of srowpack
relative bulk density, or :

(91 LCid = KU [ERHB(i) 1"

where KU and @ are coefficients, BRHO{i) is the bulk relative density for layer i
calculated as :

[10] BRHOC(1) = TWCEL¥/BDEP(i,§,K)

where TwCii) = BWC(i,j,k} + LWC{i,j.k), the total water content for layer i. From the
sparse data given in Kind (1981), KU=134 km/h and m=0.83.
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The aciual amount of erosion for layer i becomes

E{i) = EP(D) for THC{1) > EF(i}
(111
Efi)

H

THC (1) for TWC(1) ¢ EF(i}

If THE(I)Y < EF{1), the top layer will be completely eroded during the current time step,
and hence erosion of the second layer will take place. In this case, the potential amcount
of sSnow erosion for the second layer must be reduced to account for the time required 1o
grode the top layer first. Therefore,

{121 EP(d) = EF{ZFB £l - TWC{1)/EP€L)]

where EF(Z)_ - is potential erosion calculated in (71 for layer 2. The water balanmce for
tayer i is tﬁen updated as follows

SWC (i, 3,k) = SHCHI, 3,k = X E(i)
(131 X = [SWCAL, j,k)/THC11) 1
LHE iy 5ok, = LHCHE 34k) = (120 E(D o

wharé ¥ is the solid fraction of total water content pf the Jayer.

Te begin the deposition of ‘snow eroded calculations, the total mass of snow ercded froe
tell i, @0 (is ms-ka )} that is now available for depositian within the block, or redistri-
bution tp edyge blocks, becomes

[141 20 = ET # AC(j,.k)

where ET is the total amouat eroded from cell i, and AC{j,¥) is the cell area.

The deposition procedure outlined in Fig. 3 invelves depositing a portion of @0 in  each
cell {from 3+l te n) with capacity to store snow, checking its capacity teo determine how
much snow will deposit, and then subtracting the amount deposited from the eroded snow
total, BO. The procedure is designed to 4§11 all cells within the biock first, before any
eroded snow becomes avajlable for redistribution in edge blocks.

Ta determine how much of BD will deposit in a particular cell, each cell (fram j+1 to nl
is checked to ses if it has capacity to store snow, that is if the present snow depth,
dii,k} is less than the capacity depth, H{j,k}. From this the total area, AT and the mean
capacity depth, HCM, of all remaining cells with capacity to store snow can be found to
compute the average amount that will potentially depasit in each cell. The potential
deposition amount for each individual cell is adjusted by the ratio of the cell «capacity
depth, HC{j,k) and the wmean capacity depth, HCM. It is assumed that while heing
transported, eroded snow contains only ice crystals of unifora relative density, RHDE,
therefare :

L1351 SWEPH = RO/AT

where GSWCPM is the average amount of eroded snow that will potentially deposit in  each
cell. The potential eroded snow deposit for a particular cell is computed using

[16al SWCFPE SWCPM * HC(j,%)/HCH

[14b1} SMOWFE SWEPE/RHOE

where GWCFE 1is the mass of eroded snow the will potentially deposit in a given cell i,
SNOWPE is the potential depth of the eroded snow deposit. Field observations indicate RHOE
in the range from 0.1 to 0.13. The actual ampount, SWEE and depth SNODEP of eroded snow
deposited in the top layer becomes

SWCE = SULPE
£17al for BNOWPE < HC(j,k)
SNODEFP = SNOWFE
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SWCE RHGE *# HC{(j,k?
f17b1 for- SNOWPE > HE(j,k)
SNGDEF = HC{j,k!}

n

where HC(i, k) = [HUi,k) - dij,k)]. The relative dry density and porpsity of the tep layer
are then updated using [3] and [4] to account for the addition of eroded snow. The tatal
amount of eroded snow, 80 is then reduced by the value of SHLE multiplied by the cell
area, AC(i, k). )

The procedure outlined by Eqs. [15-171 is repeated with new values for AT, HCM, and SWCPH,
if GSNOWFE ewceeds HC{i,k} for any given cell. This is done to ensure that the current
eroded snow total, @0 is first used to fill all cells with remaining capacity, before agny
grocded snow leaves the block. I any @) remains, then it is added to ME (also in mm—km‘ﬂ,
the running total for the amount of eroded snow to be deposited in edge Blocks.

Deposition of eroded snow in edge blocks

The procedure for depositing eroded snow in edge blocks {see Fig. 4) is similar to the one
used for depositing eroded snow within a given block. Egs. [153-171 are applicable, except
that ME replaces 80 in [15], whereas AT represents the total area of all edge block cells
with an average remaining storage capacity depth equal to HCM. The procedure outlined in
Fig. 4 is repeated with a reduced value of AT, as more edge block cells become filled,
until ME becomes zero, which signals that redistribution is complete.

Bazed ' on field observations, it is anticipated that ditches and open field fence lines
will §ill-up first, with forest-field edges and large depressions able to accommodate all
available residual eroded snow.

Az shawn Fig. 2, the program then leaves the deposition-redistribution sub-model to
continue with the ablation process.

WODEL APPLICATION

TEST DATA

& B22 ha area of the Upper Grand River Watershed in the vicinity of the BRCA (Grand River
Conservation Authority) Waildemar snow course was selected for initial application of 1ihe
AGAAM. Snaow cover distribution measurements (see Schroeter and Whiteley, 1986) for
different land cover and edge blocks are available for two winters (1985-86 and 1986-873
Additional forest block data were obtained from the GRCA snow tourse surveys,

Daily maximum and minimum temperature, rainfall and snowfall information was obtained from
climate stations in the vicinity of the study area for the period December 1 to April 15.
Average daily wind speed data were ohtained from the Elora Research Station (maintained by
_the Department of Land Respurces Science, University of Guelph), the nearest location ta
the study area for whith wind speed data were available.

In order to demonstrate the robustness of the model, previously published values were
eapioyed wherever possible as first estimates for most parameters. A list of the parameter
values iz given in Table 1.

SIMULATION REBULTS AND DISCUBSION

The model was applied initially for the 1983-86 winter season. Results of simulating the'
mean snow depth and total water content for three blocks are summarized in Figs. 35, 6 & 7
to show the overall performance of major components in ABAAM.

The forest block results (Fig. 95) served as a test of the ablation sub-models, bDecause

snow erosion is not permitted in this block. The general agreement between the observed
ant simulated mean snow depths and water contents suggest that the ablation sub-models are
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reasonably good models of the process. Furthermore, the predicted snow depth distribution
for Feb., 21, 1986 (Fig. Ba} agrees closely with the observed pattern. In addition, Fig. 3
indicates that the rain and snowfall inputs were ectimated correctly from climate stations

in the area.

Table 1. Input parameters used in ASAAM,

Block Type
Farameter description Symbol | Units | Ploughed #atural Coniferous Roadway Fence
Field Grass Forest Ditches Line
Melt factor KN mm/ g 8.0 8.0 5.5 B.O B.0O
Refreeze factor KF gm/d g.0 a.0 9.9 8.0 8.0
Base Temperature TBAS C Q0.0 .0 0.9 0.0 0.0
Sublimation rate ) SUBLIN | mn/d 4.33 .33 0,33 0,33 0.33
Bare ground infiltration rate FG mm/d 23 23 22.% 30 27
Ice layer infiltration rate FICE mm/d 1.0 1.0 1.0 1.0 1.0
Lateral drainage rate FLAT mm/d 20000 20000 20000 260600 20000
Maximum depression starage, DHAX ma 200 &0 qQ 73 20
Constant erosion rate KE mm/d 23 25 0 25 25
Maximum relative dry density HREHD o 0,35 8.33 0.35 0,35 0,35
Cospaction rate constants: - A 1/°C ¢.10 0.10 (UL 0. 10 0.14q
B 1/d 4.0 4,0 §.0 4,0 4.0
Wind speed reduction factor WSRF 1.0 0.7 1 0.9 0.7
Number pf tells a 3 5 b b

General: New snow rel. dermsity NEWDEN

= {.085; Eroded snow rel, density RHOE = ¢.12
Irreducible water fraction SWI = 0.

07

Because the deppsition of eroded snow from other blocks is not permitted in open +field
biccks, the ploughed field results provided a good test of the #rosion sub-model. Betting,
WINDF=1.% (the effective wind speed adjustment factor) produted the surprisingly good
results shown in Fig. &, both in terms of mean snow depth and water content,

The roadway ditch (Fig. 7), being an edge block, allowed for testing of the redistribution
model. Again, the model ocutput compares favourably with the ohservations. Note in parti-
cular, the simulated snow depth profile for March 7, 1986 given in Fig. 8Bb. Some discre-
pancies. between measured and modelled amounts are attributed to the field measurements.
Snow cores were taken in the ditch centre, where in the late season the pack is wetter,
and #ay yield and overestimate of water content. Furthermere, soft ground at the base of
the pack may give an overestimate of snow depth,

ASAAN was applied next for the 1986-87 winter. Input parameters (Table 1.} were set equal
to those for the 1985-86 winter, in order to test the robustness of the model. The 1986-87
sgason  was characterized by a five week period of sustained ablatios (due to bright sunny
skies} with no new smow, which is surprising for southern Ontario. In addition, a late
season snowfall provided an opportunity to test the erosion and redistripution sub-models
for an isplated snow actupulation period, since more than %0 % of the snow cover had
disappeared by then. The effective wind speed factor, WINDF was set to unity.

The predicted mean water contents for the forest block (Fig. 9} are in agreement with the
measured values, which again suggests that our precipitation isput estimates were
reasonably correct.. However, the simulated mean snow depths are generally lewer than
pbserved, which may infer that snowpack compaction rates were set too high is the sodel.
By setting B=7, the rate of coampaction is slowed, yielding higher snow depths that compare
favourably with the $ield observations. A comparison of simulated and observed snow depth
distribution for April 1, 1987 is giver in Fig. 11.

The ploughed field block simulations {(Fig. 10) are not at all satisfactory, because the
erpsion ampunts were greatly overestimated, which yielded an early time of sSnow cover
dizappearance. MNevertheless, the late season accumulation period was modelled with sur-
prising accuracy. A review of the wind records revealed that the prevailing wind directiaon
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for this late season storm wac more characteristic of the 1985-86 winter (from the north-
west). Moreover, our field observations suggest that this particular ploughed field is
sheltered somewhat from the east. Consequently, by setting WSRF=0.7 to account for some
of the sheltering effect, more snow deposits in the block, and hence the simulated depths
more closely agree with the observed values.

The next improvement to the ASAAM program will be to account for blaock orientatien and
prevailing wind direction.

CONCLUBIONS

A3AAM, the areal snow accumulation-ablation model, & relatively simple model with few
parameters, shows good prospects f{or providing accurate operational estimates of the
spatial distribution of snow cover. Input requiresents for this model are limited; they
include daily meteprological information {maximum and minimum temperature, rainfall and
snowfall, and mean wind speed), the areal portion of land cover units {e.g. forests, open
fields) and edges (e.g. ditches, fence lines) within a watershed, twelve ablation and
seven Eerosion/deposition parameters. Encouraging results have been obtained from initial
apptication of the ASAAM for two winters in the Upper Brand River Valley of southwestern
Bntario.

ACKNOWLEDBHENTS

Financial . assistance for this research was provided by the Natural Sciences and Engine-
ering Researth Council of Canada. The authors are grateful to the 6rand River Conservation
futhority, Cambridge, Ontarie for supplying snow course data and climate information.

REFERENCES

ADAMS, W.P. 1976. Areal differentiation of snow cover in east central Ontarie. FHater
Resour. Rex., ¥Yol. 12, No. &, pp. 1226-1234.

600DI50M, B.E., H.L. FERBUSON, and B.A. McKAY. 1981. Measurement and data analysis. In
Chapter &, Handbook of 3new, edited by D.M. Gray and D.H. Male, Pergamon Press, pp.
191-274.

KIND, F.J. t981t. Snow Drifting. In Chapter 8, Hamdbook of Snom, edited by D.M. Bray and
D.H. Hale, Pergaacn Fress, pp. 338-359.

M4LE, D.H. and D.M. BRAY. 1981. Snowcover ablation and runoff. In Chapter 9, Handbook of
Snow, edited by D.M. Bray and D.H. Nale, Pergamon Press, pp. 360-436.

SCHROETER, H.0. and H.R. WHITELEY. 1986. Distribution of snow cover as influenced by
landscape units in southwestern Ontaria. FProc., Eastern Svom Conferemce, 43rd Annual
Heeting, Hanover, N.H., June 5-&, 1786,

SCHROETER, H.0. and H.R, WHITELEY. 19B7. SAAM - an operational snow accumulation-ablation
smodel for areal distribution of shallow ephemeral snowpacks. Pre¢. Sth Canadian Hydro-
technical Conference, Canadian Society for Civil Engineering, Montreal, Quebec, Hay 19-
22, 1987, pp. 481-500.

143





