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WATERSHEDS: SUPPLIERS OF OUR MOST PRECIOUS RESOURCE 

Water is a forest product. Foresters will 
naturally think of timber as the main 
forest crop but there are others, water 
being one of them. When we stop to think 
that the Eastern Slopes of the Rockies 
supply the greatest percentage of water to 
the Prairie River systems, we realize how 
important watershed management can be. 
Water will always flow from forested land 
but we now know that good watershed 
management can regulate, to a degree, the 
water-crop, avoiding floods and low water 
periods. Today's flow is the result of 
yesterday's management - tomorrow's 
flow is our responsibility. 

The rate of !low plotted on a graph 
over time constitutes a hydrograph. the 
annual hydrograph is the total product 

for a yeaL 

"When" water is required is as 

tant as "how much". By arranging trees 
in various groupings and patterns, we can 
shift the time that water is delivered to a 
stream within limited bounds. Purposeful 
forest land management that alters the 

in a predictable and desirable 
lllanner is watershed management. 

Watershed management is a relatively 

new field of forest land management. The 

term watershcd management is often used 

to mean watershed protection and/or 

watershed preservation. Watershed protec
tion usually means erosion control and 

oftcn involves the application of both 

hydrologic and principles. 

Watcrshed preservation is the aside 

of vital water yidding areas that cannot 
be exploited without llnd lle erosion 

damage. or are reserved for 

hydrograph alternation timber 

extraction at some future time, that is, a 
passive rather than an active management 

role. True purposeful watershed manage
ment is not now practiced anywhere in 

Canada. 
The tools of the watershed manager 

are timber stands and silvicultural sys
tems. The only difference between the 

timber manager and the watershed mana

ger are his product priorities. The timber 

manager uses silvicultural research results 

to create healthy, productive forest stands 

for tomorrow's wood harvest. The water

shed manager uses forest hydrology 

research results to create forests that 

modify tomorrow's runoff. The two 

"managements" may be identical but 

quite likely will not. 

Watershed management is not forest 

hydrology, just as timber management is 
not silviculture. Forest hydrology is the 

study of principles and relationships be

tween forest stands and water production. 

These principles. when applied, produce 
predictable modification. 

To summarize, all forest land is water
shed. Watershed management is the 

purposeful application of forest hydrology 

principles to forest land management to 
affect an alteration in the time rate of 
flow of water. Watershed protection is the 
applicltioll of principles and 
engineering measures to control erosion. 

Watt:rshed preservation entails reserving 

of an area from use and its protection 
from fire, insect or disease out break. 

In the pages you will find 

examples of watershed protection research 

and development. forest re

search. and an application of derived 
knowledge to one watershed management 

situation. 4!� 



EROSION AND SEDIMENTATION 

FROM FOREST ROADS AND 

LOGGING CAN BE REDUCED 
Approximately 2,500 miles of forest 

roads per year were constructed in 
Alberta between 1963 - 1970. Total road 
mileage for the seven year period is 
17,500 miles. 

Erosion under natnral conditions is 
usually a slow, gradual process of wearing 
awav the land surface. However when 
natt;ral conditions are disturbed, such as 
vegetation removed by fire, grazing, log
ging or forest roads, erosion can become 
accelerated and very destructive. Erosion 
is defined here as the forces of falling 
raindrops, flowing water and gravity 
acting together to break soils into fine 
particles, which are easily suspended, 
transported and deposited by water. Sed
imentation is defined as the discharge and 
deposition of water borne soil particles 
into stream channels. 

Most serious erosion and sedimentation 
in forest lands are caused by forcst roads 
and logging. Damage occurs during or 

shortly after road construction and log· 
ging when soils are disturbed and exposed, 
and before plant cover can provide pro· 
tection. The main causes of damage are 
poor practice� in road construction and 
logging. Examples are. logging on steep 
slopeS, skidding straight up and down 
slopes, skidding long distances, accumula
tion of logging debris in stream channels, 
roads that disrupt or change natural 
drainage channels, roads with steep grad· 
ients and roads with inadequate drainage 
facilities to divert concentrated runoff 
from road surfaces. 

The effects of erosion and sedimeIHa
tion on the forest environment can bc 
described in these terms: Site deteriora' 
tion occurs from the loss of surface soils 
and difficulty in re-establish· 
ing cover on the site. Water quality 
loss is caused by increased suspended 
sediment in streams, increased water 
temperatures and nutrient content, and 
reduced levels of dissolved oxygen in 

stream waters. Furthermore, these factors 
acting together or can 
affect fish populations and fish habitats. 
Aesthetic and recreational values of a 
landscape are reduced by the existence 
unattractive logged areas, eroded road· 
ways and silt laden streams. 

The causes and effects of erosion 
forested lands can be reduced in most 
cases by careful planning and execution 
road construction and operations. 
Probably the most important element in 
reducing damage is the provision of 
oll-the·spot supervision of operations by 
experienced personnel. Equipment opera-· 
tors most often are not aware of. or 
motivated towards preventing the prob· 
lems of erosion and sedimentation, The 

discussion and photographs 
illustrate examples of poor road construc· 
tion and that could have 
been avoided. 

Shows lack of planning in skidroad layout. Similar terrain and logging method, but much less disturbance from 
skid roads, 

:2 

Skidroads should be carefully planned on steep slopes to avoid excessive 

disturbance. A haphazard system of skidroads may 20% of a 

logged area, but a well planned system need occupy only 



Skidding straight up and down slopes should be avoided. Steep gradients 
and disturbed soils result in seriolls erosion. 

Steep gradi"nts can be avoided by h)cating skidroads along the contour 
or funning them diagonally across the slope. 

Extreme accumulation of felled trees and logging 
debris in a stream dunne!. Debris should not be al
lowed in stream channds becausc it has a direct. 
adverse effect on water quality and during high water 
nows aids in scouring and erosion of the stream 
channel. 

Ground skiddin1' 101'$ for long distances should be avoided. becauSt' 
road surfaCe'S are in a highly disturbed state. 
movement the formation of guHics. Maximum 
one-quarter to one··lmlf mile should 
be: truck hauled from the forest. 

to "as). soil 
distances of 
logs sfwuld 

Skid roads and truckroads should be located away from stream channels 
to prevent unnecessary sedimentation. The skid road is too close to the 
small tributary and does not have a bridge or culvert for the 
main stream. Furthermore the skidroad 
provisions have been made to prevent 
stream. 

no 

Culverts should be installed at all stream chan
nels that intersect a roadway. The cuivert in the 

is ir1(:orr�'cL 
and not 

,-,ov,'r the culvert. Depth 
Forest roads and skidroads should haw 
drainage facilities adequate to divert con
cc'ntrated runoff from their surfaces. Con
strudion of cross drains to divert water from 
the road would have pfGventcd the forma
tion of gullies, 

Cross drains shonk! extend across the full width 
of a road bed so that water drains downhill 
from the toe of the cut bank to the shoulder. 
The cross drain in the photograph is not correct 
as it attempts to direct wakr in an uphill dircc
tion causing it to collect in the roadside ditch. 

a culvert should be equal to the diametcr of the 
culvert or a minimum oj' 12 inches. Organic 
material, like the tre'es in the photograph, 
should not be included in fill material as ex
treme settling and wash outs can vcry ,'[lsily 
occur. 
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Nurse crop tria! plots. 
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FOREST HYDROLOGY 
Sno\v Accumulation 

/\. reservoir is a dcvice storing 
The winkr snow pack of Albena's Forest 
Reservc the [csavoir for the spring and 

season stream flow to the Prairie 
Provinces. The snowpack is a particularly 
useful reservoir because size is altered 

rnanagernent. 

And Mel! 

drifted snow has less surface 
area per unit volume than an evenly dis
tributed snowpack. The energy available 

melt snow, warming by wind or the 
sun'$ rays, is relatively evenly supplied to 

the surface. Therefore, lhe lower the 
surface area to volume, the slower 

the rate. This principle is dearly 
demonstrated by this photo sequence;. 

c. By mid summer a small snowfield still 
persists 

Successful rehabilitation to prevent ero$ion. 

Snow accumulates wherever wind Snow drifts form behind any barrier. The 

decreases, whether in hollows or in the lee size of a drift is governed 
of:J forest edge. and by barrier height 

a. Wind and sun have begun to take their 
toll the snow pack both in the drift 
and surrounding 

illustrate the dfecrive
veg0tarion in creating 

fields, and 

eHed any given barrier can be noted 
::: to 10 times the height of the barrier, 
down wim!. 

b. An appreciable snow volume still re
mains in the drift after that surrounding 
has completely disappeared. 

accum ulation is not 
alpine. Similar delayed 

seasons ean be achieved 

.5 



FOREST HYDROLOGY continued 

edges, crcated� 

ing patterns such as lhest:' on 
western and Puwl�r Cumpany's 
area flinton, Alberta are particularly 
useful "creating" differential snuw 
ih:cumulation. At this eleviltion 
prolunged melt Sc'dsons ;He difficult 
attain unless the Sile and orientation of 
the clear cut blocks are carefuHy arranged 
to take maximum advantage of wind and 
shading. 

WATERSHED MANAGEMENT 
Poplar forests and associated grasslands 

are valuable for game and livestock. 
Through shelter and food, poplar range, 
lands provide rearing ground for waterfowl 
and wildlife. 

Because of the interspersed 0IXtl 
spaces, gentle topography, easy access 
from cc;nters of popUlations, and abun
dance of game poplars also receive high 
recreational use. 

In southwestern Alberta about of 
the area is eonverkd from rangeland to 
forest through encroachment of poplar 
trees every 10 years. The sequence is from 
grass to willows to aspen. This represents 
a gradual loss in the ability of such ranges 
to support livestock. (Measurements indi
cate a decrease in grass production from 
1200 Ib./acre on fescue prairie to 400 
Ib./acre under the aspen 

Many ranchers have taken upon them
selves the task of dearing aspen and 
willow, either to check this encroachment 
or to create more rangeland, 

There are hydrological consequences 
from such dearing and vegetation con
versions. These have been the subject of 

studies in Streeter Basin, an 
watc:rshed in the Porcupine Hills of south
western Alberta which was established in 
19('3 to determine the hydrologic effects 

of poplar dearing. 
We know we can increase grass areas 

by dearing willows and aspen, and reseed
ing. A study of such ckaring in south

western Alberta indicates that the prt�scnt 
practice of totally dearing aspen and 
replacing it with grass does not serve the 
best interests of range or watershed 
management. When totally cleared, snow 
that would otherwise accumulate in aspen 

stands gets blown away or drifted intu 
gullies and depressions. Such snow be
comes direct runoff on melting. Lack of 
snow aecumulations on ridge.s causes 

reduced recharge of loeal grounchvater 

flow systems. Thus, springs that are both 

game and livestock water supply dry up 

earlier than they would have had normal 
reeharge been allowed. Snow also disap
pears from large open areas t v,'o or three 
weeks before it does within small openings 
among the trees. 

Can we have both more grass and water 
too? 

The research in Streeter Basin indicates 
that thte interests of range and watershed 
management could be better served by 
creating narro,\! strips or small blol:k 
openings among the trees near tops, 
\vhieh are the main recharge arl�as for 
locally diseharging springs, This ean be 
c:ombined with aspen removal in a large 
proportion of the area in the valley bot, 
tom. Cut-over areas can be seeded or 
converted to grass. The treed strips along 
ridges hold snow and allow infiltration of 
mdt water. Streambank vegetation may 

be left uncut if needed to provide shade 
to rGduce any increase in stream water 
It'mperaturc. 

done in this way can help to 
sustain the flow from perennial springs 
which are livestc)L'k water supply. Numer, 

ous watering sources and strip clearings 
cause better cattle distribution and better 
range use than a single watering source in 
the valley bottom. 1/::,. 

Aspen grasslands of Alberta are habitat for deer, elk and moose and are also used to graze domestic cattle. 
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Aspen removal increases grass production. It aho increases the 
amount of snow that is lost via wind action. Ridge tops are arcas 
of groundwater recharge'. and the removal of trees here reduces 
drifting. causing a shallow. non-persistent snow pack. 

An aerial view in the spring. Although snow falls more or less 
uniformly throughout Strc'c'!l'r Basin. wind action causes locally 
heavy accumulations under the (rees. In the spring of the year. 
snow ek,rrs from the open areas t\\'o to three weeks cadkr than 
it does eHher undc'r the trees or from small ckarings interspersed 

them . 

Numerous local groundwater discharge areas such as this spring 
occur throughout Streeter Basin. Elsewhere in the Porcupine 
Hills, springs sim lIar to these don't now all Sllmmer after the 
vegetation on their ree,haTgc source areas have been removed. 

A suggested aspen manipulation scheme for Streeter Basin. It is 
designed to accumulate and hold sno\\, on the upper 
Approxirmi'tdy one-half of the previollsly treed area has 
dearcd. The expected benetlts are: 
1. Prolonged groundwater discharge from local springs. 
2. Better distribution of grazing livestock and game animals. 

WATERSHED NEWS 
Marmot Treatment Starts 

The long anticipated commercial har
vest test in Marmot watershed basin 
commenced in earnest this year. Roads 
have been installed on Cabin Creek sub 
basin to allow removal of 700.000 cubic 
feet out of a total of I A million cubic feet 
of timber. Approximately fifty percent of 
the timbered area will be harvested. 

The treatment plan is for road con
struction in 197] with two years to 
:rscert:rin if these cause any undue sedi
ment. Actual harvest will commence in 
1973 or 1974 dependent upon the out
come of the road-sediment evaluation. 

The harvest is not commercial in the 

strictest sense. Existing Department of 
Lands and Forest guidelines have been 
modified to allow harvesting within the 
6500 feet elevation protection forest, as 
well as \'iithin the stream bank residuals. 
However no roads or skid tmils may bc 
constructed on slopes over 40% or within 
the immediate vicinity of the stream 
channeL 

The test will be evaluated both during 
the road phase and through the comple
tion of harvest for any change in water 
yield, quality or regime. The anticipated 

3. Increased forage production on the cleared portion. 

result of the test is t() demonstrate that 
high altitude spruce-fir forests can be 
c:rrefully harvested without loss of the 
watcrshed value. 

Probable hydrological effects of c1ear

cutting. large blocks in Alberta Reviewed 

Cle:rrcutting coniferous forests or the 
creation of large openings in these forests 
generally result in a me:rsura ble increase 
in one or more of the following: snow 
accumulation, snowmelt rate. and w:rter 
yield. The increase in water yidd. and the 
delivery time depend on both the perccnt 
of watershed cut and the pattern of cut. 
Clearcutting results in increased erosion 
:rnd sedimentation rates. but these in
creases can be attributed more to road and 
skid trail construction than to the fact 
that an opening is created. Other side 
effects produced by clearcutting include: 
increased tlood h:rzard. changes in water 
temperature, depletion of the water's 
dissolved oxygen, and changes in ground
water levels. Carefully planned and con
trolled clearcutting could be compatible 
with good watershed management pro-

vided roads and skid trails :rre not 
constructed on steep slopes. 

Consideration must be given to present 
and future water requirements when pl:rn
ing cle:rrcut sizes and cutting patterns. 
Steps should be taken to evaluate the 
effects on w:rter yield. quality and regime 
of any h:rrvesting or silvicultural system 
before it is applied to large areas in 
Alberta. 

Symposium on the role of snow and ice 
in hydrology scheduled for Banff, Sep
tember 6 - 20, 1972. 

This symposium should be of par
ticular interest to foresters who are 
concerned with multiple use management. 
Subject topics range from highly theoret
ical - i.e. physics and chemistry of snow
fall :rnd snow distribution. to practic:rl -
modification of snowfall. snow cover and 

ice cover. Further details can be obtained 

from: 

Dr. L C. Brown 
Canadian National Committee for the HID 

No.8 Building, 870 Carling Avenue 

Ottawa, Ontario. ttJ. 
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WANT MORE INFORMATION? 
Recent of the forest 

research section (available from 
the indicated author). 

posium on 
representative and experimental basins. 

NL pp. 397404. ! 
3. Water-holding capacity 

floor on a moun lain watershed. Canad-
Journal Fo[c:sl Researdl (In 

press. 197 J. 
4. Estimating snuw-water equivalent from 

point density measurements of forest 
stands (R.L. Harlan. Water 
ment Services. Ortawa. co-auThor) 
Ecology (1n press. 1971). 

Hillman, G.R. 

I. Soil moisture distribution about an 
isolated tree using potential flow thco
ry. iv1.S. th"'5is. U La h Sta te 
Univ. Logan, Utah. 1970. 105 pp. 

.., Probable hydrological effects of dear
cutting large blocks in Alberta. In' B.J. 
Johnson. EeL Some of 
large-scale clearcutting in Alberta - a 
literature review. Northern Forest Re
search Centre. Edmonton. Information 
Report NOR-X-6 1971. 

RothwelL R.L. 

I. Watershed management guidelineS for 
logging and road construction. North
ern Forest Research Centre. Edmonton. 
Information Report A-X42 197] . 77 
pp. illus. 

CONTRIBUTORS 
R.H. Swanson 

(Watershed: Suppliers of our most pre
cious resource, watershed News) 
Mr. Swanson is Project Coordinator for 
Forest Hydrology Research in the North
ern Forest Research Centre. He is also 
Research Coordinator for the interagency 
A]berta Wakrshed Research Program. He 
joined the C.F.S. in 1968. 

D.L. Golding 

(Snow accumulation and melt) 
Dr. Golding joined the c'F.S in ] 966 to 
study the interactions between the forest 
floor and runoff, and the forest canopy as 
it affects snow accumulation and melt. 

ing. TranS:.lCIion,;. Vol. :) 1(4): 
1970. 

3. A principal compOllc'nls 
de! for predicting 
Geophysical 
ing. Transaction:;, Vol. 5 
1970. 

55, 

4. A calibration procedure with data 
a mountain watershed. American 

Society of lI.ianagement, 24th 
Annual Meeting, Reno, Nevada, Feb
ruary 14-] . ]97l . 

5. rotation otprin-
sirnpie 

struelure in a data matrix. 
American Geophysical Union, National 
Fall December b-9. 197] . 

Swanson, R.H. 

I. Local snow dist ribution is not a func
tion of local topography under c:lmtin
uous tree cover. New Zealand Journal 
of Ilydrology Vol. 9. No. 2. 1970. 
Pl'. 292-291",. 

2. Managing snow accumulation and melt 
under kaHess aSPen to enhance water
shed valUe. (D.R. Stevenson, Research 
Council of Alberta. co-author) Proceed
ings 39 Annua] Meeting. Western Snow 

T. Singh 

(Aspen clearing .� watershed conditions) 
Dr. Singh joined the C.F.S. in 1966 to 
study the valUe of aspen in watershed 
manipulation. 

R.L. Rothwell 

( Erosion and sedimentation) 
Mr. Rothwell joined the C.F.S. in 1966 
to study erosion and sedimentation prob
lems in the East Slopes. 

Outside publications of interest. Not 
available from Northern Forest Researeh 
Centre. 

1. Guidelines For Stream Prokcliul1 In 
Operatiuns. R .L. Lantz. Ore'-

gon State Game Commission, Box 
3503, Ponland, Orc:gon 2 0 8. J\ug
llS!, 1971. 29 pp. iHust 

) Management Practice on the Bitkrroot 
National Forest. A Task FOfc'C Analysis 
(Vlay 1969 - April 1'J70. U.S. Forest 
Service, Region ]. Missoula. Montana 
5980 ]. 1 !. 10 0 pp. ilIus. tt/t. 

G.R. Hillman 

(Probable hydrological effects of clear
cutting) 
Mr. llillman joined the C.F.S. in 1967 to 
study plant community soil water 
movement interaction. 

E.C, Wyldman 

(Oil in the Swan Hills) 
\1r. Wyldman is with the Alberta Forest 
Service as Head. VVatershed Management. 
Land Use Section. He is the \'1anagelllt:nt 
Coordinator in the Alberta Watershed 
Research Program. 

year by The Northern Forest ReSearch Centre. Canadian Forestry Service, Dept. of the 
, Edmonton, Alberta. 
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