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MANAG ING SNQW ACCUMULATION AND MELT UNDER LEAFLESS ASPEN 537-71
TO ENHANCE WATERSHED vALUEYS
8y

Robert H. Swanson?/ and Oouglaes R, Stavensond/

Introduction

How does one manage & watershed? What practices ars possibls? Whers should thsse
practices be applisd? What effects can be obtained? Why does ona want to? Thase sre valid
guestions facing the modern land menager, As pressurs on the use of land increase, so must
his dscision-making cepability. Rectanguler blocks transverse of ridge end valley such as
those in figure 1, may be msasy to lay cut on a mep or on tha ground, but their influerce
on the local hydrologic regimen and sesthetic value are suspsct, Menagement that could be
very general a few years ago, must now bs very specific, Management goals must include
ooth the physical capabilities of thes land bsing managed and the physical, secial,
economic end emotional desires of ths users,

The range landg of Southern Alberta are gensraily mixed aspen~willow and grass,
figura 2. Some conifers are found in the upper reaches, Streseter basin in the Porcupina
Hills south of Calgary, is a rangs watershed typical of most of the area. It is an ares
set asida fer rasearch into range managameont methads te anhance the water yielding
characteristics and maintain high range productivity for both domsstic livastock snd wilde
Llife, A common range management practice in Southern Alberta is to remove all shrub and
tres vsgatation although a few scattered trees are ocrcasionally left fer livestock shelisr,
The rsasening behind this practice is to increase the area for grass for grazing. This it
most certainly does., Howsver, this is not the gnly sffact this practics has; it alss has
besn reported that local grounduwater dischargas (springs), often cease flowing earlier
in the year than prior to vegetation removal.

Thera are few Facts in land managament in Alberta. Tha cbservation that springs
cagae flowing after clearing operations is not documented. It is bssad on intarviews with
iland manpgers from the ares. Whather the problem exisitsd in tha besginning is nof impnztant,
tihat is important is that ressarch sincs has establishad that the hydrolegic miteration
is & valid prabebility,.

Management of tha aspen grassiands fer rangs and wmaiter requires a knowledos of
whera menaoement would have #n Influence and how to causs a desirabls change, Thia mesns
a knowledee of the local hydrogealogy and thz influence of vegetstion in maintaining or
enhancing it, The purposs of thie papsr iz to documesnt the importancs of the igaflasss
trageshrub vegetation in distributing snow, and how tt wight bs manipulated to achisve
management goals,

Hydrogasliogy

Streeter basin Is @s complex hydrogeclogically as one would wish to find, Four
groundwatar systems sperate inter-depsndently (figure 3), Thras discharge lecally and the
fourth liksly discharges into Willow Cresk, tha topagraphzc low arsa in the viecinity of
Streeter Basmin,

The first locel system; {a) discharges rapidly within a subebazin, Recharge sccurs
through 2 thin surface mantle over slightly tiltsed shale or sandstons fermatioen. Discharge
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occurs in response to snow melt or rain storms, Storage is lnw‘; therefore the time
intarval betwasen racharge and discharge is short (Figure 3e)., Most of the water discharged
doas not become surface flow but re-snters the soil mantle to becoms part of successive
groundwater systems. Recharge and discharge often occur within the boundary formed by the
topographic divide but not always. Recharge arsas are wsll drained and may or may not be
veg:;atad. Discharge areas usually have willows or other phreatophytic vegetation growing
on tham,

The secand local system, (b) may or may not discharge within the sub-basin it is
racharged from. In gsneral it does not. The usual case is for discharge to occur primar=
ily in an adjacent sub basin, Recharge occurs from discharge by a first-order groundwater
system, or from snow melt and rain via the surfece soil mantle, The latter occurs primar-
ily across basin boundariss. That is, the surface recharge area is in the sub basin adja-
cent to its discharge manifestation. The soil moisture in the recharge arsa may be quite
high aearly in the spring, ‘This helps it maintain a tree cover - usually 2spen. The time
scale betwesn recharge and discharge is likely less than ons year, Most of the lats season
"apring" discharge occurs from this typs of system,

The third local system, (c) discharges outside of ths sub basin and psrhaps basin
boundaries. This system is particularly operative in Strestser basin where the streamflow
from the east sub basin is ten times that of the middle which is ten times that of tha
west, Rechargs occurs from both the surfece mantle and the discharge from preceding ground-.
water systems, Some of this rscharge occurs after the flow from preceding springs has
reachad a stream channel. The time scale for total recharge-discharge is probably less
than one year.

The fourth system (d) doss not discharge visibly in the vicinity. Water entering
this system finds its way into regional groundwater flow system which discharges into
Willow Creek, the regionally low area, Land management practices may have far-reaching
effacts on the regional groundwater picture that are not envisioned during managemsnt
prescriptions. Quite likely, any practice deleterious to the local groundwater regims is
also harmful to the regional pattsrn,

Tha flow from all of these groundwater systems originates principally from snow
malt and to a lesser sxtent from rain. Each system is affected by recharge either directly
to it, or re-sntry of discharge for a preceding systsm. Thus, any land uss practice that
alters snow accumulation and malt, changes thes eavaparation regims, or modifiss tha surface
runoff=infiltration ratio, influences the total hydrologic reqime. Vsgetative manipulation
is a land management tool that can be used to effect thess alterations,

Leafless Tress localize Snow Accumulation

Asrial photograephic records during the late wintsr - early spring pariod of 1968«
69 snow season, show that treed areas hold snow longer than the adjacent untresd areas,
fijure 4, These photos plainly show the effectivensss of non-leaved treses in trapping and
holding snow. Whare the tress augment a naturel terrain feature such as the lasesward side
of a ridge, or the windward side of a gully, the effectiveness is even greater,

In the large open arsas free of trees, snow is retained in ground dapressions to
as great a degree as under the trees, but it has little opportunity to infiltrate to soil
moistures because of its concentration in the seturated groundwater discharge zons and the
rapidness with which it melts in the spring, Complets tree and shrub removal would augment
the natural snow collection in such depressionsa, This would force more direct streamflow,
which in our opinion is undesirable in this particular area,

Ground phatos taken during winter and spring 1967 and 1968 show similar snow
accumulation patterns (Figure 5). Chinook winds oftan force bare areas during thes winter,
It is interssting to note that even during strong chinook periods, 11-18 January, 1-8
February, 1968, ths snow remainad under the trees, According to Longley,s chinooks may be

4 Storage capacity may be high, howsver the water in storags at any one time is small
bacause it is held in a permeable fermation that is open at either end, Since it
scts as an open drain, recharge water moves guickly through the system,

5 Longley, L. W. The frequency of winter chincoks in Alberta, Atmosphere., Canadian
Met. Soc. 5(4):4=16. 1967.
Y.
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present on a third of the days December through February, It would be useful to determina
the guantitative role of tres cover in protecting the under canopy surface from the full
affects of this advective enaergy input.

Figure 6 is an asrial photo of Strester basin in the summer. In general, the dark
arsas contain willows. Groundwater appears at the surface in these areas., When these areas
ara located in the upper reaches of a sub basin, they may indicate both groundwater dis-
chargs and recharge araas, In thess upper loci, such as that at. "E" which is already a
natural snow accumulation area, they are particularly susceptible to management to enhance
snow accumulation within them. Area "E" may also have a recharge area directly below it es
thers is no esvidenca of continuous streamflow from here to the main channal, It would be
useful to know how much more water ‘could infiltrats this recharge zone before surface
runoff startad.

Areas predominantly in aspen generally denote dry, well-drained sites ("F" on
figure 6), These may or may not be groundwater recharge areas, However, any snow accumulat-
ed in thess arsas has a high infiltration opportunity. Even under rathar intense cultiva-
tion to remove this vegataticn, the surface runoff from these areas is slight. If all
wers managed as recharge arlas, the probability of 1mprnvad groundwater regime would be
high,

The above photogrephic evidence indicates that arsas with tres cover, sven when
the trees ara leafless, ars effective in trapping snow, It also indicates that tha sams
leafless canopy providss some shelter from advective ensrgy exchange, Such vegatated areas
thus give potential for snow managemant,

Leafless Aspen Alters Accumulation d Ablation

Streeter basin has three basic areal vaegetation arrangements, Large areas without
trees = clear arsa, Large ssctions mostly treed = treed area. And small openings within
the treed area - openings, Each of thesse exhibit different characteristics in snow
accumulation and ablation, The material reported below applies mainly to the treed-open
contrast. The clear area is designated "G" on figure 6; "E" and "F" are treed; "A" - "D¥,
tha four small openings within the tresd area.

Concerning these small openings: again these have thres areas of influence, figure
7. Fringe = the area immediately surrounding and within the opening to a depth of one-tree
height, Canopied = the area greatsr than one tree height into the surrounding trees. And,
open - the area greater than ons tres height towerd the centre from the edge. These defini=-
tions will be used throughout the remainder of this paper,

Figure 8 shows the openings studied and a partial summary of the data from them,
Their aspact-slops is generally N. 0 to 10°, There are no replicates snd no attempt was
made to obtain representative data, The only purpose for the study was to determine if
these openings in lsafless aspen had any influence on snow accumulation and melt patterns
within and around them. They dol

Mors snow accumulated in the open than in the treed areas (Traed average data from
all four opsnings, open averagse data from openings A and D only), Betwsen 5 March and 2
April, 3.3 inchss (water equivalent) accumulated in the ocpen, versus 2.5 inches under the
canopy. Analysis of variance shows this difference significant at ths 99% probability
level.

Snow ablates slowar in apenings then under the trees. From 21 April to 5 May, 2.6
inches ablatad from the openings compared to 3.5 under the canopy. This difference is like-
wise significant at the 99% Levsl.

The surprising part of the above was the faster ablation rate under the canapy than
in tha open, Studiaes of snow ablation rates in cpenings in conifers have shown equal or
greater rates in an opening of any size than under the :anapyﬁ. One plausible explanation

6 Wiim, H. G, The influence of forest cover on snow-melt, Transactions, AGU,
29(4)1547-557, August, 1948,
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for the above results is that long wave rediation undsr tha_leaflass cenopy is greatsr
‘than in the open, even though shart wave radiation is lesss.’ Snow is highly reflective
.of short wave radiation, but highly absorptive of long weve. The lesfless canopy is a
source of long wave radiation because of haating from diract and refiscted short wave
radiation, Possibly, the amount of enzrgy from long wave reradistion from the canopy plus
direct short wave radiation to the smow surfacs is greatar under the cenopy than the
amount of energy at the snow surface in the open supplisd by direct short wave radistion
alone, This neads further study,

Fringas of openings bshaved somewhat disappointingly, The asrial photegraphs show
snow ramaining in the margin® of treed areas for as much as two waeks longer than undsr
tha canopy. No ground messsurements ars availlable to substantiate that mare snow did, in
fact, accumulate in the mergin, Howevsr, in the frings area (as defined in figure 7f on
this study) of the openings studied, accumuletion amounts and ablation rates were not
statistically diffaerent from those of the canopy, nor ths open,

o ong

Leef less sspen and willow stands are important in localizing snow sccumulation
areas and altering the ablation rate. Observaticnal evidencs showe that snow under the
canopy remains avan during chinook parieds that removes tha total peck from clear areas,.
Soms anow remains in the margin of tresd arees up to two wasks lengar in the spring than
that in ths clesr arsa, or totally under tha canepy.

Small openings in the leafless canopy ars effective snow trape, An averaga of one=
third mora snow accumulatad in two small apenings than undsr the surrounding leafléss
canopy. The snow within these openings ablastsd thirty psrcent slower than that under the
lesf lass cenopy. fApenings physically ariented snd of a size designed to meximize accumula-
tion and minimize ablation rats would improve grounduater recharge epportuniity if crestsd
on racharge arsas,

If aspen stends are present on groundwater recharge zones, then their complete
removal will create an unfavorable hydrolosgic regime, They should be left to maintain
graundwatsr recharge~dischargs patterns. It should also be posaible to enhance groundweter
rechargs through manipulation of aspen stands growing on recharga arsss to increass snow
sccumulation and ratard ablation, :
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