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ABSTRACT

Lack offield evaluation is a limitation of st of tke.

P

erosion-hazard ratings developed in. Alberta. In fthis stud
‘Singh’s>(1983) .method of erosioH!Eézard rating using forest
cover types as indicators of erosion risk, based on infil-
tration rates, was asse;sed. ’

g72 erosion pjﬁs‘ in 54 sma]l> plots, with 25% mean
s lope, undér 362 ‘mm 6f rainfall, sfratified in 3 soil
asSociatiohs and 2 forest cover types, were -used as a
erosion measUremenk method. The USLE's erodibility (K)
~factor ;as_ also used as an additional control and index of
erosion sugceptibility. ;

The study area was located in the foothills of the "
Edson Forest around Hinton, within the boundaries of the FMA
of Champion Forest Products (Alberta) Ltd. Sixteen cut
blocks in 6 compartments of the Athabasca‘and McLeod working
_CircTes, and two cut blocks in Cache Percotte were selected

for monitoring erosion. 4

Erosion measurements obtained were 1ow: in terms of
depth (0.49 mm/plot) of séi] loss but important in volume (6
"ton/ha). However , sincevdisturbance-and exposure of minefa]
soil is restricted - tb rather small portions of the cut
-bloéks. these results and their implications, must be

related to percentage of disturbgd areas, and characteris-

tics of the cut blocks.

———
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4 ' : '
Because of small.differences in erosion among soil and

forest stratifii?tions. erosion variability, énd no consis-
tent agreementAbetween‘ the rating trean of erosion and
erodibility testing methads, it was difficult to arrive at a
definitive -acceptance or rejection of Singh’'s system.
‘However, ¢F_ results of analyses of variance lead to
acceptance of the null hypothesis and rejection of Singh’ st
phopoéed system. Better criteria jare needed for a reliable
me thod 6f erosion risk assessment in west central Alberta.
The main- soil variables controlling the amouﬁt of soil
(}oss as determined by stepwise regression were qrganic
matter, palcium carbonate, sand, clay, and calctum content.
~ Slope asbebt was not correlated with erosion. The associa-

tion bétweeh rainfall and erosion was best expressed by

daily precipitation.
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I INTRODUCTION

Ser ious efforts of ohservation and, ,recording of soil
erosion ~ problems in ~ the Alberta foothills began with the
creation of the Eastern Rockies Forest Conservat1on Board
(ERFCB) in 1947 (Hanson 1973) . One of the main objectives of
this program_was ‘the management of watersheds for_water
production and water supply' protection {Swanson gt;gl;
1986) . As a consequence of this comhitment a change ;n
policy . from optimum timber product1on to watershed protect-
~don occurred in 1948 (Kennedy 1949) ; and was maintained for
‘the" life span of the Board (Ha11t19§3f. Thereafter this
pOlicyIWas continued'by fhe'Alberta Forest‘Service (Dayis
1977), andvthe provincta1 government (Alberta 1984’. (

During its 25 years of existence the ERFCB carried out
extensive ‘reconnolssance work in the conservat1on units
(ERFCB 19863, 1967, 1968, 1968a,‘1968b, ’1969, 1969a, 1970,
1971; 1971a) + These .field obseryations, identified road
construct1on -and use, yarding, well-site’ operations and
cattle graz1ng as the mos t damag1ng; activities in the area

"Results of these surveys were supported by a study of
| the lease area of North Western“Pulp & Power (now Champlon
- Forest Products Ltd.) near H!nton, Alberta,~ (Hal] 1969) .
This study po1nted out that maJor soil erosion problems, and .
ubsequent sed1mentat1on of streams, resulted from roads It

~was significant _that no appreo1able 1ncrease in overland.

. \
. . v, , .
. : s . .
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flow or soil’ movémenb was observed on cut blocks after
harvesting or scarification (H@ll 1969. Crossley 1972,
1975) . | .

Quantification of erosion in deforested lands was
performed first in the Swan Hills from 1967 to 1971. In this
area heavily affected by oil exploitation , runoff plots and
SUSpendedﬂsédiment Sampltng were used (Wyldman anquoliquin
1973) . Suspended sediment sampling procedures were alsd used
for measuring  road erostgn' in the Hlnton and Marmot Creek
areas (Rothwell 1974, 1977, 1979) From 1967-1986, 12
\guantitative stddies on soil erosion, were conducted in
fohested a}éas of Alberta. However , no quantitative measure-
»mehts of soil loss in cut blocks were made. | //

| During 1968 two erosion- hazard studies were repéhted

Rutter (1968) deve]oped an erosion-hazard method | for the

/

.Rocky Mountaln \Forest Reserve, and Jeffrey et al. al/ (1968) a
system for the Uppér Oldman River Basin. The latter research
Qas conducted as part of the Alberta Watershed Research""
Program 1nitiated during 1,960-1963 (Swanson et _al. 1986).
This program gave first prtority'to water yield and timing
reséarch. Soil erosion studies were given a second priority
(deffrey 1967), probably because no major erosion problems
had been detected in the forested areas, with the except1on
of ‘roads and well-sites. ' P |

; :Sihqe 1968. 23\erosibn-hazahd, studies have been con-

ducted in Alberta using -15 different methods. With the



exception of one (Luk 1975), no fiela validation was carried
out for any of these studies. |

This study focussed on - g0l erosion in the Edson

- — P

Forest. Quantitative measurements"of summer erosion in
clearcut areas using erosion - pins were taKeh and used for
testiﬁg _an erosion-hazard assessment method \proposed by
Singh (1983) for west centrai‘Alberta. Singh’'s method ranks
erodibi]ity according to forest cover tYpes usihéRSOi]
infiltration. rates e |

The purpose of this study was fo assess the validity of
the erosion hazard system proposed by Slngh (1983) In
part1cular 1 wanted to determine how effectlve the system is
in. identifying \Sros1on hazard result1ng from 1and use

di'sturbances such as logging operatwonsf




II1. LITERATURE éEVIEw

Soil erosion ‘studies are abundant and diverse. In this
bhapter a condensed review to identify the main'envirOn-
mental fac}ors related to sgjl']oss is presented. The main
relationséips between logging aﬁd ero§{on afe briefly

. ! . e .
reviewed, ‘and the evolution of erosion reseéarch and erosion-

"‘i‘x\‘

hazard rating is summarized ,ag”ié{17ﬂ The rather extensive
literature about use and qevelopmént of the erosion pin
method is out]ined és bachrthd for its use in this study.
Pertinent Cahadian;A Albehtanz and Rocky Mountain references
are preferentially quoted . 4

A. Environmental factors affecting soil erosion

The magnitude of soil erosion on any hilly forested
location fs deterhinegvby the interaction of four factors :
soil properties, precipita{;bn,..slope, and forest cover.
Many studies have attempted to identify and to quantify the
influence 6f each factof and to combine themlihto.predictive
equations for soil-loss.

A.1. Soil peoperties

_The severity- of sur face erosion is strongly influenced
or controlled by 5611. or regolith . properties (Bryan 1976) .
Musgrave (1947) said thégr erqdibility of different soils
‘varied with their physical properties. According' to Klock
(1982), forest soil properties geneﬁa]ly related to -
soil erosion are . texture, porosity, ofganic matter

content, bulk density, moisture’ refention characteristics,
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pH, and aggregation. Dyrness (1966) added parent‘material
type, and amount of exchangeable Ca,'Mg, K, and Na. Schulco
(1973), and Bayrock and Reimchen (1974) lumped several soil
- properties undef.the general denomination of soil stability,
which included carbonate apd clay content, texture and
bedrock type. Rothwell (1978) and Twardy and Corné (1980),
considered infiltration capacity and stability the two main
properties influencing erosion. Evans  (1980) indicatéd
sur face roughnéss, surface stohinéss and soil prbfile
characteristics were important. Bryan and Luk (1981) added
Slbge microrelief to the list.

\ Soil, properties considered fqr pfedicting soil erosion
or erosign hézard are-divé}se. Rutter'(1968).fn the Rocky
Mountaf Forest Reserve of Alberta, included infiltration
‘ratet texture, caﬁbonate content, and the binding strength
of silt and clay. The erodibility factor (K) of the Univer-
sal Soil Loss Equation (USLE) uses ! soil textﬁre. organic
matter, soil structure; and permeability (Wischmeier and
Smith 1978). In the Kootenay area of British éo]umbia
surface erosion potential and slope’ failure potentia]
ihdicesAwere developed using soil texture, moisture content,
and soil depth (Krag, 1980). The Terrain Sensitivity
Classification Methodology for (Alberta, considers 'soil
genetic origin, soil texture, clast, organic matter,
carbonate, and -moisture content (Crockett and Shelford

1982). Singh ~(1983) in west central Alberta, used infil-

AN
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tration capacity. Knapik and Lindsay (1983) and Corns (1984)
considered texture, structure, 1nf1ltrat1on. and moisture

content. The erosion hazard chart of the pred1sturbance

. watershed assessment manual (Alberta Forest Service) uses

Lo
1

moisture content (Anderson et al. 1985)

‘sevetal reports single out soil factors explaining soil

loss. Jeffrey et all.f1968) in the upper Oldman River Basin

in Alberta, considered carbonate content to be the most
important soil property ;control1ing erosion. Balci (1968)
analyzing differences 1in erosion in western Washington
soils,  pointed out the influence‘ of organic;fmétter on
reducing erodibility. Meeuwig (1971) argued that in the

intermountainfarea of the USA, organic matter helps stabi-

lize clay soils but tends to decrease the stability of

sandy soils. Hudson et al. (1985) indicated that in Albérta,
organic matter does not appear to bind the mineral part1cles

together and/ as such, either has no effect on erodibility,.

or tends to jmake the soil more dispersive DumansKi et al‘;ﬂ

(1972) indicated that fine- _textured lacustrine materials in
Alberta are easily eroded by water even on gentle slopes.

Soil/aggregation {aggregate stability) is considered by.

many to /be the main soil property related to grosion (Bryan .
197&, 1976, 1977, 1979; De Meester and dungerips 1978, De

ploey and Poesen 1585). De Meester and Jungerius (1978)

considéred aggrggate stability to be mainly deﬁermined:by

soil properties ihherited from the parent material. The



cumulative effect of poorly consolidated bedrock is the main
soil characteristics believed responsible for - the spectacu-
lar erosion losses in the Red Deer Badiands‘(Campbell 1970)
and in the Swan Hills of Alberta (Lengelle 1976). Trott and
Singer . (1983) élso. found parent material characteristics

were important ih the erodibility of the California uplands.
Twardy and - Reid (1984) in Alberta, considered surface
texture. Egashira et al. (1985), studying ‘fiffeenugrenitic
soil samples from Kyushu, Japan, found textureqto be the
most'impootant soil factor related to erosion.

A.2 Precipitation

In order for water eros1on to take place, there must be
runoff or raindrop 1mpact. Runoft;oocurs when therrate of
pfecipitation exceedi_the infiltration capacity of the soil.
A direct relationship exists oetweenvrunoff and soil erosion
on steep slopes, where the rate and amount oOf efosion is
affected by the 1ntens1ty and ‘duration of precipitation (ToyA
1977) The other lmportant factor contr1but1ng to erosion is
detachment of soil particles ceused by raindrop impact
(Hudson 1971, Yoong and Wiersma _1873, Brown 1980)} Caine
(1976), and Bovis and Thorn (1981) found that surficial
erosion is accomplished primarily by rainsplash in alpine
areas. Even at low rainfall intensities (< 5 mm/h) measura-
ble amountSfof.rainsblash soil movement took place (Kneale
©1982). Morgéo.(1978) presented a different opinion, pointing

out that on sandy ‘soils only 0.06% of the réinfal] energy



>

contributes to splash erosion adé\qg that the major role of
splash action is in the detachment of soil particles prior
to their_gﬁemoval by overland  flow. Wischmeier and Smith
(1978) ~Qsed raindrop energy in developing 2 rainfall
erosivity factor in the USLE. Experimentally they found the
energy delivered“by a rainstorm can be estimated from hourly
rainfall intensity. Crockett and Shelford (1982) used
brechitation amount and intensity in théir terrain
" sensitivity classification methodology, to divide Alberta
into five précipitation'zonesVcombining high, moderate, and
low precipitation values. Toogood and Newton (1955) repbried
rainfall intensities in Alberta were low compaﬁed with other
areas, and " based on results from erosion plots conc luded
that water erosion in Albérta was not serious ( Toogood . 1963,
~ Chanasyk 1983). Rutter (1968) 1in a study on the Alberta
foothills, ranked pF€E7ETTét1on as secondary in 1mportance

~as a cause of~ erosion. Twardy and Corns (j?BO) repor ted
rainfall from®' summer storms in the Wapiti a;éa of Alberta
was.not intense or long-lasting enough to create runoff and
erosion problems. Luk (1875}, taking into account the soil
moisture regiﬁes in Alberta, suggested low intensity storms
might cause some runoff in the spring but probably not in

mid-summer . Wyldmanv and Poliquin (19]3) and Campbell and

Honsaker (1982), ~ however disagreed and argued summer

rainfall was the most important source of erosive shear

stress in the Swan Hills and the Red Deer Badlands. Schulco



(1973) pointed out -the high'erbsion potential of rainfall in
the Edson Forest.

Snowmelt runoff is another form- of precipitation
contributing to soil erosion. Tigerman and Rosa (1949), said
that melting snow on frost-penetrated soil on steep,
sparsely vegetated slopes caused erosion from miniature
mudflows on southwest = exposures in nor thern Utah. Haupt
(1967), points out that a rapidly melting snowpack over soil
containing dense frost may accelerate on-site runoff and
thus, \ncrease erosion risk. Twardy and Corns (1980) stated
_that in the Wapiti area of Alberta the ma jor erosion agent
. was spring sndwmelt. Wischmeier and Smith quoted by
Warrington (1980), observed that in the Pacific Northwest,
up to 90% of the-erosion on deep, loessal agricultural soil
is associated with surface thaw and snowmelt runoff. McCool -
(1984) , working in the same region, reported that ‘about 50%
of the annual soil loss was due to runoff from rainfall and
snowmelt on frozen soil. Chanasykﬂ and Woytowich (1983,
1986), in a study on agricultural lands in the Peace River
region of Alberta, repqrted springmelt was a time of high
erosion potential. The authors indicated 90% to 95% of the
total annual soil loss occurred during springmelt.

Ih'confrast to most observations in Alberta, Wyldman
and Poliquin (1973) in the Swan Hills, and Campbell and
Honsaker (1982) in the Red Deer Badlands, found that losses

. )

from showmelt runoff were small. However, Kathol and



10
McPherson (1974), and Martz (1978) observed considerable
erosion occurred during spring runoff in the Swan Hills, and
‘Sbring Creek, in north central Alberta, respectively.

)

A.3 Slope features ‘K

Slope provides elevational differences?hwhichw allow

rodK'Falls,

gravity to supply energy for running water'
lands lides, snow avalanches, etc. (Crockett:jg/d Shelford,

11982) . According to Hudson (1971), the staé@?
2 i ‘\

v B , g
numer ical expression of erosion was p o-ablyfw&;
. A.’ 0 ‘7‘ N ’v@?\
a

work, "Degree and Length of Land S.Jm“v':'j 7t

T ‘%
Loss in Runoff", published in 1940. Subsequent worK'
'

i
resulted
in the Slope-Practice Equatioﬁ (Hudsoh 1971) which included .
slope and farming practices as the most imbortént variables
for soil erosion prediction. This equation was used for
nearly 10 years until replaced in the late: fifties by the
USLE.

- ‘Slope angle, length, elevation, aspect and form affect
soil erosion in different'ways. As slope angle increases fhe
downs lope component of force acting on soil particles or
water molecules increases. In the case of a waterfmolecule.
there is greater acceieration in the downslope direction.
Consequently, the molecule is more likely to flow across the
surface than to infiltrate into the soil (Toy, 1977). 1t is
generally accepted that, other things being equal, the

greater the angle the higher the soil loss (Musgrave 1947,

Hudson 1871). But not all studies agéee with this statement



(Evans 1980). Leopold et al. (1966) in New Mexico found that
on certain hillsides the greatest rates of erosion occurred
on the less steep slopes. He concluded that erosion 2as-
es with slope to a maximum at 40° and then decreases. Luk
(1975) studying soil erodibility in southern Alberta, found
no significant effect of slope angle on soil losses. Bryan
(1979) pointed out that in a study by Horton (1945), a
progreSsive decrease in soil loss-with slope angles above
20° occurred. Bryan’s explanation- of this situation was a

deficiency of erodible material and disappearance of uniform

S

turbulent flow at higher slope -angles. Morgaﬁ‘ (1983)
observed that slope angle appeared to influence soil loss at
high erosivity conditiongvand on slopes that were either
very steep (> 36%) or very shallow (< 5%) but on moderate
slopes the relationship is unc lear.

The role of length of siope isvgeneral1y over shadowed
by slope angle, but it may becpne impor tant for slopes at
moderate to low angles (Crockett and Shelford 1982), or
during high in}ensity storms (Toy 1977). According to Brown
(1980), elevation and aspect are physiographic variables
which éffect soil erodibility indirectly through their
influence on soil development. Willen (1965) found that a
granodiorite soil at 2300 m asl was 2.5Atimes more erodible
than a similar one at 660 m. Diseker and Richardson =~ (1962)

in Geordia found aspect to have the most”significant effect

11



on erosion. Aspect can produce extreme microclimatic
variability over short distances affecting the level of
incoming radiation, the range of temperature and the
availability and storage of moisture (Crockett and Shelford
1982). Spence (1972) studied the relationship between
erodibility and aspect in south central AIQEﬁta. and found
aspect was related to soil depth, infiltration rate,
noisture content, soil strength, aggregate stability,
carbon content, and percentage of bare ground.

Churchill (1982) observed that variations in geomorphic
processes in the White River Badlands of South Dakota, can
be explained in large bart by aspect-indyced differences in
moisture regime. In this area, north-facing slopes maintain
higher and less variable moisture levels, and greater
drainage densities than south-facing slopes. Haigh and
Wallace (1982) stated that ihe impor tance of slope aspect is
a consequence of differential frost action.

The shape of a slope may be conve:, concave, straight
line or a combination of Ehgse. These shapes affect land use
activities mostly because of their influence on water
behavior (Hewlett 1982). The USLE’s Length-Slope (LS) factor
is considered to overestimate soil loss from concéve s lopes
and underestimate the loss from.convex slopes (Mitchell and
Bubenzer 1980). Thornes (1980) stated that slope, as the
interaction betweej angle: and distance, had important

effects on the total magnitude of erosion. He showed results

12
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where erosion rates on convex slopes were five times those
on unifofm slopes. The importance of slope as a parameter in
erosion calculations is shown in several equations and
methods like the USLE's LS factor (Wischmeier and Smith
1978). As mentioned before, slope is used by Krag (1980)
for defining erosion-hazard classes for the Kootenay area,
B.C. In Alberta, slope was used by Rutter (1968), Schulco
(1973), BayEOck and Reimchen (1974), Kathol and McPherson
(1974), Twardy and Corns (1880}, Crockett and Shelford
(1982), Knapik and Lindsay (1984) and Anderson et al.
(1985). Rutter (1968) concluded that slope was the single
.most important external factor controlling soil erosion on
vegetation free areas of the Alberta foothills.

¢

A.4 Forest cover

frosion is wusually reduced on fully vegetated water-
sheds (Kittredge 1948, Colman 1353, Molchanov 1960). The
forest canopy intercepts precipitatioﬁ and usually reduces
raindrop impact, but the most important protection against
raindrop impact s ‘provided by forest litter on the soil
surface (Lowdermilk 1930, Chapman 1948, Hudson 1971).

. Kii) (1971), Gelding and Stanton (1972), and Hi11man"
and Golding (1981) indiceted that the spruce-fir forests of
the eastern slopes of Alberta, have forest floor thick-
nesses of up to 61 cm. Hence, A]perta foothills on undis-

turbed state have high erosion protect%on because of: thick

Nlitter layers.
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Packer (1951), demonstrated that in relation to soil
protection and erosion, nét only the percentage cover of
canopy and litter is important but also the maximum size of
bare spots. Marston (1952) on an aspen site, found that a
ground cover &F at least 65% to be necessary for effective
control of overland flow and erosion during major storms in
northern Utah. Meeuwig (1870a) in mountainous rangelands of
Utah, ldaho, and Montana found that the magnitude of soil
erosion depends primarily on the proportion of the soil
surface protected from direct‘ raindrop impact. He also
‘observed (Meeuwig 1971) that the amount of cover required
to achieve a given level of soi} stability 1is strongly
influenced by slope gradient. Tsukmnato (1975) in a study at
the Aichi Forest in Tokyo, found that 3 vyears after the
removal of forest litter the H 1ayer became very thin and
hard, and that it had been washed away from one third of the
watershed area. Also, infiitration capacity decreased
drastically and peak runoff increased substantially. Evans
(1980), noted than runoff and erosion increased rapidly on
soils with less than 70% vegetative cover. Page (1974)
observed in Newfoﬁndiand that cover type had a very strong
influence on soil properties at or near the surface, but
only a weak influence at greater depths. He pointed out that
semi-mature black spruce stands induced the greatest accu-
mulation of surface organic matter. Significant differences

in soil properties also exist between clearcut areas, young

14
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Stands. land» semimature stands fOr both bﬂaCK spruce and ©

balsam fir cover types. Coats and M111er (1981)‘inAnorth-
western California, said that accelerated er051on is more

likely to occur if the $ lopes are vegetated w1th Douglas fir

rather than redwood, since’ nedwood/ Hoot systems remain

v1ab1e, whi le Douglas-fir roots decay and cﬁése' their
capac1ty to contribute to soil stab$ﬁ1ty e ' ;

B. So1l erosion and t1mber harvestjﬁg// L

Eros1on rarely occurs in"an und1sturbed forested
usually occurs after intense rainstorms where the soil has
been previous ly exposed by logglng Hﬁllman 1971). The

extent of erosion depend§ on' the ]evel of disturoance and

.exposure of mineral soil.

v The part1cular method of 1ogg1ng employed can have a
s1gn;f1cant impact on the amount of soil dlsturbance ‘and

erosion. Tractor 1ogg1ng causes far greater soil disturbance

' waterghed - Surface or mass ero§1on on forested slopes

than other methods (Dyrness 1966, Be]] et al. 1974, Rothwe11‘

1978, Siddle 1980,‘K10ck’71982,'Krag 1984)..On-s1te impacts

created by - the use of this equipment depend greatly on

‘Sperating conditions, type of machinery Uéed volume of
t imber removed ~size of logs and post harvest so11 treatment

(Rice\et al. T972, Siddle 1980) .

" Smith and Wass (1976) found that 45% was the greatest

exposure of mineral soil in the Nelson Forest, B.C. This
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amount of ‘disturbance occurred with summer ground s%1dd1ng,

most 1y, from skidroad and hau] road construct1on Rothwe]l

(1977) 1nd1cated that the averageuclearcut area- exposed 1n
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Marmot Creék, Alberta, was 32% Skid roads accounted for 58% |

of total disturbance, accesszﬁroads 24%, and land1hgs 18%.

H1gh 5011 exposure ‘occurred where skidding and truck -

traffic cqmptete1y 'removed the 11tter—duﬁf‘ 1ayeru Krag

(1984) in. Nelson B. , found average soil disturbance

| percentages for groundskiding ranged from 40.4% to 45.4%.

Wasilciw (1985)”Ifound 38.5% soil,exposure”fhiout block 8 in
"Wampus Creek, }ri—CreeKs, Alberta. Hudson et al. (1985)
‘found that upland erosion in Tri-Creeks was largeély 1imited
to disturbed areas. '

Post-harvest treatments for site-, preparation create

high amounts of soil disturbance. as well. Depending on the

method of measurement, the aréa of mineral soil exposed by

jmechanical’scarification in Alberta ranges from 40% to 65%

(Ferdioand 1983). On level terrain, this practioetdoes not

have adverse environmenta] effects: on sloped areas with

thin soi] soil | eros1on potential is high. Testing six

forest s1te cond1t1ons in. eastern Texas, Chang gt_gl_ (1882)
' found soil 1osses 1ncreased as follows - : und1sturbed forest,

thinned (50%), ~c]earcut without site preparation, clearcut
chopped; c]eagcut' KG bladed, clearcut cultivated. Howeyer;
sot1 disturbance .aod exposure does notinecessarity generate

soflferosioh.‘RothWeIl_(f977),obseQVed that in Marmot Creek,
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sofl erosion. on roads -and cut blocks was very low. In this
area summer prec1p1tat1on averaged 356 mm and slope 18%.

}f yard1ng is done with care, logging operations
usually result in minor erosion compared to road construct-
jon, (Rice et_al. 1972). Logging roads are the chief source
of erosion and sedimentatidn in Alberta forests (Eastern
Rockies Censervation Board 1968, Hil]man 1971, Cnossley
1972, 1975; .schulco 1973; Rothwell 1974, 1978, 1979, 1983).
Road construction and.use contribute 80;90% of total erosion
1n.forested areas (Bell et al. 13974, Anderson et al. 1976).
Lesser percentages have been reported by ‘Swanson and Dyrneﬁe
(1975) and McCashion and Rice (1983).

Swanson and Dyrness (1975) indicated that in the H.J.
Aadneus_Expezamental Forest in Oregon, road right-of-way and
cut blocks contr1bute about equally to erosion by land-
“§T7des . McCashion and Rice (1983) found that on 30,000 acres
of commercial timber]and in nor thwes tern California, 40% of
. the total erosion was derived from the road system. Reid et

al. (1981) in the Clearwater River basin in Washington,

determjned that surface erosion produced about 20% of the

road-related sediment.
‘Another cause of disturbance 1is ‘logging operator
experience and efficiency_(Rice ‘and Datzman 1981, Hammond

1984, Brown and Beschta 1985). Poorly trained workers and

poorly supervised logging .can"increase disturbance levels

and erosion.



‘ C. Erosion-hazard ratings- and eresion researen
Accord1ng to Hewlett (1982), erosion hazard descr ibes
erc~ion potential by regions, - 1oca11t1es and land use, and
r ~ts the combined effects of erodibility (the material

subject to eros1on) and erosivity (the eros1ve agent) In
many erosion-hazard rat1ngs studies where the stggy_a_,apjs
small the eros1ve ~agent s assumed to be cohstant. and
erosivity is ignored in favor of soil erod1b111€§ ratings
only (Anderson et al. 1982). In situations 1ike thisk
erosion-hazard ratings have strict local applicability.

From a pfactjcaT point-of-view: erosion-hazard ratings

are planning tools for the land manager or forester (Dunne
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and Leopold 1978, Rice and Gradek 1984) . Mitchell and

Bubenzer (1980) indicated that soil loss prediction tech-
n%ques have developed over many ‘years as understanding of
erosion processes nas expanded. This process has evolved
fro% qualitative and single-independent variable estimates
to multiple factor equatidns and models now in use. Earliest
deve lopments occurred in agricu1tura1 areas and rangelands.
Progress was .easier in ggms cond1t1ons than in forest
env1ronments for a variety of reasons (Dunne 1983)

The accumulation of data and advances in soil erosion
research in- the United States culminated in the USLE
equation (Wischmeier and sééfﬁ, 1978), which is widely used
and has been adapted to other countries and environments

(Hudson 1971, Kirkby 1980). The USLE was developed to



estimate water surface erosion by rainsplash and sheetwash
on agricultural lands with éradients less than 20%. The
formula describing the USLE is

A=RxKxLxS$SxCxP : where :

soil loss (tons/acre/year)

=S
it

R = rainfall erosivity index
K = erodibility factor

LS = siope angle and length factor
C = cultivation practices factor
P = conservation.practices factor

The USLE has recently been applied to forest lands
(Dissmeyer and.foster 1980, 1985). However, this application
is not accepted by some researchers, especially when used on
steep areas (Kirkby 1980, Swanson gg_gl;.1982). Accordind to
Swanson et al. (1982), overland flow is rare in (temperate)
lforested landscapes.” The surface erosion proéessés that do
operate;lmay' have -very different relationships between
transfer rate énd slope length, rainfall characteristiés,
soil characteristics, and slope gradient than those rela-
tionships described by the USLE.

The necessity qf methods to quantitatively estimate
forest soil erosion potential was expressed by Dyrness
(1967). Dunne and Leopold (1878) mentioned that the best way
of predicting soil loss is using iocal field data represent-
ative of the range of cénditions in the area of intefest.

Chisci (1981) observed that field measurements under natural

19
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conditions are necessary to validate forecasting models or
to assess factors related to land management. Dunne (1983)
stated that much remaihs to be understood about erosion in
fqrests, ﬂand .1t is far from possible }p put togéfher a
convenient but realistic technique for predicting erosion
with little or no fieldwork. He felt that the prediction of
erosion and sediment in forests at present is quaiitative.
or at best only semi-quantitative.

Rice and Gradek (1984) reviewed erosion-hazard ratings
in California and—}eported those used from 1874 to 1982.wene
inadequate for estimating erosion poténtia].f This was
partially because none of the three ratings used weré
validated before adoption. They emphas ized the importancé of’
real data, and not merely codified professional. opinion. To
this, Dunne (1983) added that it is important ‘to achieve
more interaction between empirica1ly-qriented‘fieldworkers
and theoretical modeiers. The cooperation of these groups
from the earliest phase‘of‘a field project would greatly
enﬁance ‘the value of the results. He mentions there are
reasons to believq” that some models are not only inade-
quate{ but that fhey grossly misreprégent processes of‘

runoff and sediment delivery.

C.1 The situation in Alberta

Most water erosion research in Canada (ihcluding

Alberta) relates to agricultural soils tluk .1983). In the



21
Prairies wind erosion has been historically more important
than water erosion .(Palmer 1947, Goettel et al. 1981,
DumanskKi et al. 1986). Dhly.recenfly. have concerns with
soil losses related to water érosion developed. The first -
quantikative data were collected ﬁn 1949 in St. Albert from
erosion plots (Toogood and Newton 1955). The resglts of
these stuaies indicated water erosion in Alberta was not
ser ious because of low rainfall intensities (Toogooé\1963.'
Chanasyk 1983). . Recent studies howeyer, indicate ihat water
erosion is a problem. | ”

Quantitative studies aiﬁed et erosion modelling and
prediction began in 1981 in the Peace River region
(Chanasyk and Woytowich 13883, 1984, 1986) including rainfall
and snowmelt runoff erosion and erodibility. Other quantita-
tive experiments are in progress in east central Alberta
(Howitt 1985). Lately, several studies have focused on the
adaptetjep of the USLE to Alberta and the Prairies (Tajek et
al. 1985, Kachanoski and de dJong 1985). Computer maps of
erosion potential throughout Alberta were developed using
the USLE adaptation of Tajek and Pettapiece (1985), and
provincialdsoil data (Desjardins et al. 1985).

Therl§wan Hills and the Red Deer Badlands are non-
agricultural areas that have been studied Aintensive]y. The
Swan Hills, haQe been highly disturbed as a consequence” of -
nafural gas and oil exploitation. Disturbance and erosion in

the area have been déscriped by St-Onge and Lengelle (1971)
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and Lengelle (1976). Quantitative measurements from erosion-
runoff plots and from a suspended sed1ment monitoring
program on the Swan River, were< taken, over a five year
period Sy Wyfdman and Poligmin (1873). Rates of erosion
obtained in four plots from May to October of 1978, 1979,
and 1970 ranged frem 26.2 to 103.9 tn/acre. Surficial
geology and erosion potential studies of the -Swan Hills were.
done by Bayrock and Reimchen (1975), and erosion suscept,i-
b111ty maps were prepared by St- Onge (1974).

Badlands are areas almost devoid of vegetation 1n wh1ch
a relatively unconsol1daf3d but impermeable geological
material enables an extremely fine drainage netwerk and
_erosional and'depositional forms to develop quickly under
conditions of rapid runoff (Campbell 1970). The Red Deer
Badlands located in south central Alberta, have been used as
an ideal region for ‘studying the operationlgnd eftects of
geomorphic processes. Measurements of sediment yield, runoff
characteristics and surface erosion rates have been taken
(Campbell 1970, 1973, 1977, 1978; Campbe11 and Honsaker
1982). Data on erosion rates were mostly collected using
erosionJ contour-plotting frames (Campbell ‘and Honsaker
1982). ' ‘

Laboratory and ' field experiments using rainfall
simulators have also been conducted on Alberta soils (Bryan
1974, - 1976, 1977; ‘Luk 1875, 1977, 1979). Bryan (1974)_

considers field soil-loss rates can not reasonably be
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estimated in the laboratory. Never theless, as the controll-
ing variables in the laboratory are similar to those in the
field, it is reasonable to expect that the relative erodibi-
lity of field soils can be reproduced in the laboratory. Luk
(1975, 1983) said that the results of field and laboratory
experiments conducted using rainfall_simulators suggest a
reasonably high level of compatibility. However, Summer
(1982) argued that field measurements are the most satisfac-
tory method of. estimating an erodibility index, and tabora-
tory surrogates are not readily applicable.

Assessment of the erosion problem through sediment
yield estimates has been performed in several Alberta
watersheds (McPherson 1975, Neill and Mollard 1982) .

Hudson (1983) wused runo%f plots to investigate the
consequences of vegetation removal in the Muskeg River basin
.1n nor theastern Alberta, precéding .ofl sand mining. Runoff
plot responses to'summer.convéctional storms suggested that
stripping-of the mdSKeg cover would result in f}ashier
runoff and increased erosion.

Among the reports dealing 'with ‘erosion in forested
land, the method most frequently used was sediment sampling.
Rothwell (1974, 1877, 1979, 1983) measured suspended
sediment resﬁltfng from seismic lines and foadé in the
Hinton area and in the Marmot Creek Experimental Watershed.

The Hinton studies showed that the sediment contribution of
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road-stream crossings was twice the amount from seismic
lines, mainly because roads were more constantly used and
seismic lines were better reclaimed by surrounding vegeta-
tion. Average values of sediment sampling in Hinton ranged
from 26 to 105 kg/ha/day during non-storm conditions, and
from 161 to 400 kg/ha/day under storm events. In the Marmot
Creek area the objective of the research was to demonstrate
that water quality deterioration associated‘with clearcut
harvesting could be prevented ‘by careful planning of road
construction and logging. Field observations revealed that
mineral soil exposure affected 25% of the total area, and
that 32% was the average soil exposuré on cut blocks. Mean
summer sediment yield was very lowY aQeraging 30 kg/ha. Very
little erosion and no sadiment transport towards streams
were reported in associaticn with roads and logging. A

.comparison of thton and Marmot Creek areas shows the
Hinton' s eros1on process more active and hazardous |

LuK (1975) in an Stens1ve study - of soil erosion
characteristics in parts of the Bow - basin in southern
Alberta, included both field and laboratory tests of soil
loss,- covering both mountain and prairie areas. Rainfall
simulation and natural ratatall exper iments had good
correlation. He fodnd runoff plot erosion rates ranging from
6.1 to 94.5 g/m2. Forested “areas were not sources of

sediment supply.



Martz (1978), and Martz and Campbell (1980) studied the
sediment regime of Spring Creek watershed: in north central
Alberta. Streamflow records, suspended sediment, solute
concentration measurements, and geotechnical activities in
the area were analyzed. They found that 76% of the annual
sediment yield occurs during spring runoff and the

sediment discharge of 18 days per year accounted for 90% of
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the annual sediment yield. When spatial and temporal aspects

are considered, over 80% of the sediment yield is derived
from 15% of the fwatershéd area (112.7 km2) in less than 5%
of the time. Measured mean sediment @®ield of Spring Creek
Watershed was 3483 tn/year.&

"~ Jablonski (1980), Wasilciw (1985), and Hudson et al.
(1985) conducted erosion research in the Tri Creeks Experi-
mental Watershed. Jablonski '(1980) collected suspended
sediment samplég*?rom the three subjbgsins. Deer 1ick, Wampus
and Eunice from spring break-up to the end of September,
from 1968 to 1977. An éccess road was constructed in 1974 in
Deerlick. Following road construcfion the sediment picture
changed dramatica11y é; the highly erédib]e lacustrine soil
was moved by surface runoff into the creek. This happened
even though the road was at least 100 m away from the creek.
wampus Creek also showed increasing turbidity and sediment
concentrations in‘records taKen. downstream from old road
crossings. Deerlick’'s response to a short, intense rain

storm (16-fold increase: in sediment concentration) in
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comparison with both Wampus and Eunice's response (drop in

cq}fentration), shows that undisturbed watersheds can buffer
pERL

the

'effect§ of intense storms while roads in disturbed
watersheds actually concentrate and funnel sedfment into
“streams. Tri Creeks’ soils are considered to be less stable
than those of Marmot Creek.

Wasilciw (1985) in Wampus Creek found the only
significént source of sediment to be a slump. He concluded
the'cutover areas did not contribute sediment to the stream
because of low precipitation during the sampling period.
Hudson et al. (1985) described the nature and locations of
existing erosion processes in Tri Creeks and investigated
the relationship between soil and landscape._Eroperties‘with
observed erosion. Using the USLE's K factor he found
erodibility indices ranging from 0.28 to 0.42.

Anderson ef al. (1982) studied the erodibility of soil
groups of the Grande Prairie Forest, and reported—a wide
variability within each soil group. They also found that
sediment loss was not always inversely related to infiltra-
tion rate. Measured erosion averaged 569-1120 g/m2, and 8-26
mm in depth wusing rainfall simulation and erosion pins
respectively.

Erosion-hazard ratings are part of many reports
published by several institutions in Alberta. Twenty three - -
were reviewed in this literature survey with‘about fifteen

different erosion-hazard rating methodologies, moSt of them
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developedp}or local use. Three methodologies are of provin-*
cial scope. The first study was published in 1968 and the
latest one in 1986. A common characteristic of the assess-
men{ systems reviewed (with the qxception of only one (Luk
1975)), is their lack of practical validation. Field
‘observation and surveying, soil properf}es and background
information are the main basif for these studies. Three
reports are based on quantitative‘data. None were validated
after their formulation.

Rutter (1968) developed a method for non-geologists to
forecast potential water erosion hazards in the Rocky
Mountain Forest Reserve. It 1is a qualitative method and
requires airphoto interprétation and field reconnaissance
for determining erosion potential of soils based upon
internal and extcrnal factors. Important soil properties
considered are infiltration = rate, texture, carbonate
content, and}the binding stréngth of silt and clay. External
factors included slope angle and precipitation. Currie
(1976) used Rutter’'s method in Tri Creeks.

Jeffrey et al. (1968) presented a land-vegetation
typology for the Upper Oldman River Basin. The authors did
not intend an erosion potential classification of the soils.
However, they not? that the most important distinction found
among surficial deposits and soils was between calcareous
and non-calcareous depos{ts; the former being resisfant and

the latter more susceptible to erosion when subjected to
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disturbance activities. Gradations between éarbonate-riéh
andgcarbohate-poor materials are presented.

Dumanski et _al. (1972) in their soil and land evalua-
tion of the Minton-Edson area, presented a local potential
erosion classification that is the model for several others.
They define potential soil erosion as the expected rapidity
and amount of soil loss by wind\or water, that can be
expected following removal of protective vegetation without
proper erosion control measures. The authors rated soil
erosion into classes of high,moderate, and low. Besides
s0il properties they also considered precipitation)-§lope.
and. nature and permeability of soil parent material.

Schulco (1973) reporting on the environmental effects
af logging in the Edson and Grénde Prairie Forests, present
two types of erosion prediction : erosion sensitivity and
watershad sensitivity. Erosion sensitivity uses the combined
effects of material stability and slope. Watergﬁed sensitiv-
ity was obtained by the introduction of summer precipitation
(erosivity) as an additional factor. Forty watersheds within
the project area were classified in terms of soil stability,
summer precipitation, location relative to summer storT
tracks, and intensity of storm precipitation. A watershed
sensitivity index for harvest planning was developed on the
basis of these combined variables and the watersheds were
rated from highr§ensitivity (H) to low sensitivity (L.

Kathol and McPherson (1974) studied the sfability of
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geologic deposits 1in the House Mountain area of north

central Alberta. They rated the eros1on susceptibility of

these materials from least erodible - to most erodgble as.

follows : muskeg, gravel, coarse sand, till, clay, shale,

| fine sand, and sandstone. They presented a map -of erosion
potential and suggested it may be used as an aid in formu-
lating local land usel plans. However, on-site fnspections
are recommendéd. wherever develbpment occurs in ordeblae
assess the erosion hazards of particular sttes xThe factohs
they consider to affect the suscept1b111ty - of geo]og1c
deposits to.erosion‘are.} geolog1c materyals, slope, cover,
soil type, groundwater, time and climate.

Luk (1975) developed relat1ve‘ erosion rates for parts

- of. the Bow River bas1n, based on -ean so1l erodibi lity, mean.,
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ground js]ope, mean vegetatlve cover dens1ty and relative
rainfall erosiy1ty (relation between slope and 1ab s1mu1ated
‘s0i floss). Reasonable consistency was found between

computed results and availablea'sediment yield records.

Quantitative field and  laboratory erosion measurements were

used t0'sdpp0rt the erosion-hatings;p*

Bayr@ck ‘and Relmchen (1975) : developed an erosion“'

'potent1a] class1f1cat1on for the Alberta footh1lls north of
§2°N 1at1tude They defined eros:ion potent1a1 as the

probability of .a certain, deposit to undergo significant

‘erosion following ‘remdval. of _vegetation _and/on generale

.w N i : ’ , ' . ° '
v
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dis{nrbance of the surface. In this erdsion:hazard study.
soil stability and slope steepness were cdnsidered. Using
, 243 field observations, erosibn was classified into three

groups: no erosion, erosion just beginning, and severe
¥
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erosion. Percentages of > instability (ﬁ, e. erosion) were’

‘ determdned;ubing the combined”erosion groupe: Materials

less than 10% ° are cons1dered stable between 10 an-é&i
mater1als are cons1dered metastable, and materials > 50% are
unstable. Erosion potential maps wene produced combining
slope classes (0-14%, 15-44, > 45%) with'surficial material
etebility classes. |

Twardy and Corns (1980) Turchenek and Lindsay (1982)
Knapik and Lindsay ,(1983), and Twardy and Reid (1984),
studied the‘Wepiti area, the AOSERP area; the losegun Lake
area, and the Bonnie Lake‘ area respectively. They all
presented so11 un1ts strat1f1ed by slope steepness and, in
general, Afollowed‘ the 0umansk1w' t al. (1972) approach.
Twardy and. Corns, (1980)'4gave special consideration to the
vphgses of soil units nd‘Twardy and Reid (1984) toﬂsurface
texture. | | ,

AnderSon et a). (1982) reported on quantitatively

based erosion-hazard~ ranking of seven soil groups in the

Grande Prairie Forest using rainfall simula?ion and point

erosion plots;‘ They found moderate toﬂ severe levels of
erosion potential that compare favorably with . Twardy and

" _Corns (1980) results in the same area.
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CrocKett'aad Shelford (1982) proposed a fechnique_for
‘classifying the landscape into areas of siﬁilar " inherent
sensitivity" : the capacity of a. physical‘ynit of land to
withstand external forces actihg on it and, if disturbed by
these factors, the ability to‘récover and establish a new
equilibrium. It is emphas1zed that the resulting sens1t1v1ty
-information does not replace investigation for,s1te-spec1f1c
decisions. The inherent site factors this 'technique consid-
‘ers are K éenetic origin, texture, clast, sgil‘organié
matter, éarbonate, and moisture content, slopevcharacféris;
tics, bedrock and overburden instability, and wafer table
level. The external site factors are ! amount and intensity
of precipi£ation. wind, ,temperature;lvegetation density and
type, hydrolog1c factors, and geograph1c pos1t1on All these :
factors are - considered 1nd1v1dua11y and then are comb1ned
following a defined procedure, to produce the sensitivity
rating for each physical land:uﬁit.

Th1s method has been appl1ed to the assessment of three
areas. Shelford et al. (1982) preéent a‘ case study for
demonstration purposes of two: 81tes in Townsh1p 61, Range 3
west of tHe 6th meégp1an McDa“e (1983) uses this method for
predicting the effect of 011 and gasAexplorat1on and t imber
harvegting in Bull Creek watershed in the Grande Praifie
Forest. KocaleqQand Hay (1985) use the terrain sensitivity 7
classification with some modifications in the Dry andfﬁasy

/ - |
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Creeks watersheds. In this study surface texture and slope
angle are the main factors considered. Overburden instabil-
City and drainage characteristics {organic units) are also
taken into .account. The combined effect of erosion related
factors is qualified by the addition of their respectige
codes. Series of ergpsion potential réting classes from 1 to
7 for Vegetéied nd unvegetated conditions are presented.
Ma jor and minor factof codes for each site are displayed.

Hudson (1983) in his study in the Muskeg ‘RiVer basin,
presents an lﬁrosi n prediction system using the USLE, with
supporting o Qﬁﬁ;:fitative data. Three runoff plots estab-
lished in representative surficial material areaé‘proviaed
the data. .He found that sediment yie]d is reasonably well
predicted by the USLE ‘using a sj e storm approaéh. The
. fact that snowmelt andr;.gullby érésio!re not considered in
the USLE prediction je% mentioned as a deficiency of the
‘method. |

Corns and Anhas (1984)u presented an erosion-hazard
rating for ‘an area encompassing the Wapiti, losegun,
Hinton-Edson, .and part of the Mount’ Robson areas of west-
centyal Alberta. They develéped the ratings using'soil
texture, infiltration and permeability, soiT‘ structufe._
‘soil wetness, and slope angie, where surface‘orgénic layers
ha&e been ranovéd.lThey indicated that generé1ized relati?e'

erosion-hazard ratings for soils under a plant association



must be made assuming average rainfall intensity and rate of
spring snowmelt.

Hudson et al. (1985) developed a erosion potential
classification fbr Tri Creeks, by means of a detailed s0il

survey and analyses of soil properties. They used the USLE's
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K ‘index in combination with the LS factor. The soils were

classified from moderately to very highly erodible.

Anderson et al. (1986) presented an erOsion-hazard‘

chart whose purpose is tq assist when detailed cut-block

planning is required in sensitive areas. . The ‘chart is a
simple combination of slope angle and moisture content (dry

or frozen;and wet). Three levels of hazard are identifiéﬂ,

low, moderate and high. -The low rating includes slopes less

than 25% in dry or frozen areas. Moderate risks are assuﬁed
for dry or frozen soils in slopes up to 45% and wet soils of
up to 25% steepness. High erosion potential is aésumed for
dry or frozen s%ils in terrain %teepeé;than 45%, and on wet

soils on slopes over 25%.



SINGH'S EROSION-HAZARD RATING METHOD

Singh's (1983) met?od is the latest regional erosion-
hazard method developed in- Alberta for forested areas. Its
éimplicity makes it a potential tool for land use and
harvest planning in west centeal'Alberta. The fact that the
forests in this area are accessible, well studied, and have
been logged for more than 30 years, make this me thod
suitable for analysis and testing . | |

A. Description

Singh's (1983) method - uses forest cover types as
indicators of erosion hazard. Three ferest typeé are
identified {n Singh’ s method which ﬁn turn are stratified
into 18 soil associations, for which infiltration rates are
determined. Erosion hazerd is estimated pased on infiltra-
tion rates. High °hezard was equated to low infgltration
ratee and low hazard was equated to high infiltration rates.

~Infiltration rates were determined with a double-ring
constaai,head infiltrometer (Adams et al. 1957) under each
forest cover on undisturbed litter surfaces. Six runs were
made for each soil association in each forest cover type.
Steady stete'infiltrat%on rates were usually obtained within
tﬁe first hour. Second-hour rates were assumed to be the
steady state infiltration rate. Analysis of variance of the
infiltration rates was used to test for significant

d1fferences between so11 assoc1at1ons and forest types.
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Three forest types were utilized in Singh’s study :

lodgepole pine (Pinus contorta Doug. var. latifolial,

spruce-fir (Picea glauca (Moench Voss, Picea mariana (Mill.)

B.S.P. - Abies lasiocarpa _(Hook) Nutt), and aspen (Populys

tremuloides Michx.). Mean infiltration rates for lodgepole

pine, spruce-fir, and aspen vegetatién types were respectiv-
ely 14.20, 5 .08, and 7.19 cm/hour. These results suggested
low erosion susceptibility for lodgepole ’pine sites, very's
high susceptibility for spruce-fir forésts. and moderate
susceptibility for asben forests.'

Singh conclLded that a soil type often has a differeﬁt
infiltration rate under a different forest cover due to the
"mod1fy1ng 1nfluence of vegetat1on , '
Singh recogn1zed the s1mp11c1ty of his system and the
" influence of other site and climatic. factors on erosion, but
considered that reasonable’estigates and rating of erosion
susceptibility can be obtafned from the infiltration
' capacities of the soil types under a dominant vegetation
cover, and that Such';rating of 1land units can serve as a
first approximation for planning purposes. |

B. Weaknesses of Singh s method

1. Use of forest tree species as an indicator of
erosion susceptibility. .
This character1st1c of Singh's method is not a weakKness

by itself but a technique v1rtua11y not used, perhaps
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because plant indicators are not exact 1indices. However,
plant species are considered an expression of total environ-
ment (Singh 1968), and have been used as indicators . for
ecological studies (Hill et al. 1975, Kojima 1984, Anderson
1986}, forest site quality assessment (Brinkman 1936, Pluth
and Corns 1983}, sojls and land use classification (Wilde
and Leaf 1955, Duffy and Nemeth 1869, Prokopchuk and
Archibald 1976, King 1977), slope stability indexes (Ricé
1977, Thomas 1985), evaluation of stream channel processesvr
(Gdrnell and Gregory 1984), water table levels and ground-
water flow regime (Currie 1976}, soil permeability charac-
teristics (Arnett 1976), soil moisture and dynamic source
area interpretations (Satterlund 1967, Gurnell 19?8, 1981,
Winkler and Rothwell 1983).

Satterlund (1967) believed forest types may be useful
ihdicatbrs of potential runoff areas only on a local basis.
He mentions vegetation indicators "should be used with
discretion. King (1977) emphasizes plant indicators can only
be used after very careful eco1ogical’studie§. |

Reports of plants.as indicators of surface erosion are
rather uncommon in North America. However, Korzhenevskii et
al. (1983) in a complex study of ecological conditions and
floristic composition of plant cémmunif}es in the Flysch
low-mountain region of Crimea, Soviet Union, established a
relationship between the .rate of slépe processes and

’

vegetation, which suggests végetation may be used as a local
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indicator ofs the current slope denudation, rate, with

complementary information.

2. Forest types are more a reflection of differences
in soil moisture or site wetness than erodibility.
Early studies of forest types in Albert; (Brinkman
1936, Moss 1953, Duffy and Nemeth 1969) reported the
association of lodgepole pine with dry sites énd spruce-fir
with wetter sites. Later studies supported these observa-
tions (Dumanski et al. 1972, Currie 1976, Prokopchuk and
Archibald 1976, Corns 1983, Pluth and Corns 1983, Kojima
1984, Hudson et al. 1985). A more likeiy conclusion from
‘these reports is that lodgepole pine indicates drieb, better
drained sites, and spruce, especially black spruce, indi-
cates higher soil moisture contents and wetter sites. Thus.
it would be easier to state that forest types in Singh's
study are dire€t indicators of soil moisture rather = than of

erosion susceptibility.

3. Use. of ring infiHrometers and variabi1ity_of
infiltfation in forést soi 1s."

Infiltration measufements obtained with ring infiltro-
meters are different from those under natural conditions
(Singh 1979), but are considered agceptabie for comparative

~purposes r(Branson et al. 1972 Hibbert 1976). Measured

infiltration responds to the actual .conditions of soilf



among . which antecedent soi | moisture is important,
(Molchanov 1960, Hillel 19823 especially in relation to
rainwash erosien  (LuK 1985). A lack of‘coﬁsideration of
antecedent soi1.méisture confounds Singh's observations and
may have increased the variability of his results. Infiltra-

tion is a highly variable soil property (Sharma et al.

‘1980, Luk 1985) . Average prediction errors calculated by

Singh (1870) in a linear regression model for predicting
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infiltration, indicate greater variability in forest lands

(12.1%) than for grasslands (8.7%) or shrublands (2.6%).
Extreﬁé variapility can be observed in Singh’s (1983) steady
stéte iﬁﬁiltration rates for soils under lodgepole Tine
stands. He presents two soil types with the same clay-loam

texture which have very different mean infiltration values

of 0.75 and 44.40 cm/h. Conditions like these might be

~‘related to factors other than vegetation, such ‘as antecedent
moisture content or special conditioens like soil water
repellency (Giffdrd. 1970, .Meeuwig 1870, 1971a), soil
crusting .(Loope and’Gifford 1972), or percolation limita-
tions (Molchanov 196@1 Lee 1980).

Johnson  and  Beschta (1980) measured infiltration
capacity and erodibility on logged and unlogged watersheds
iﬁ'Orégon. They found heavily disturbed areas had reduced

.infiltraiion Capacitannd increased surface erodibility. In
this area equating high erosion hazard with low infiltration

was correct, but this relationship is far from wuniversal as
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noted by Rfce (1984) in California and Anderson et al.

(1982) in Grande Prairie, Alberta.

4. Infiltration was measured on: undisfurbed soils.

The main weakness of -Singh s approach lies in the fact
that he measured infiltration on' undisturbed forest floor
which is not representative of bare mineral soils. Infil-
tration rates for bare mineral soils and disturbed soils
associated with logging and roads are usually significantly
less than rates for u?disturbed conditions (Meeuwig 1970a,
Bell et al. 1974, Tsukamoto 1975, dJohnson and Beschta 1980).
Infiltration is also affected significantly by soil proper-
ties such as bulk density, aggregation, and moisfure
content. These properties are strongly affected by removal
of forest cover, disturbance of forest floor in harvesting,
and post-harvesting operations (Siddle 1980, Chang et al.
198%) . Steinbrenner and Gessel (1955) found permeability
rates decreaséd by 35% after logging on cutovers and 93% on
forest roads. Donnely and Shane (1986) reported up to a 6.5
times reduction in infiltration capacity after artificially
inducing compaction to simulate harvesting operations. e

Forest floor characteristics of the Alberta foofhills
(Brinkman 1936, Kiil 1971, Golding and Stanton 1972, Hillman(~;,
and Golding 1981) can make undisturbed-disturbed differencele«

even more notjceablé. After the forest floor is removed or

disfurbed. and mineral soil is exposed by Tlogging opera-
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tions, a totally new microenvironment is‘created in the open
area. On bare soils raindrop impact becomes a factor to
‘consider (Brown 1980). Other microclimatic characteristics
at and near the ground related to more direct sunlight,
temperature and moisture (Powell 1971, Bell et al. 1974,
Sims 1975, Lee 1978, Singh 1986), depth of :soil freezing,
infiltration and’ overland flow (Hillman 1971, Harris 1972,
Sartz 1973, Bell et al. 1974}, may élso be important.
Therefore, it 1is not Jlogical to -assume that relative
differences in infiltration among bare soil units follow the
same pattern that they did before harvesting. In particular,
infiltration on undisturbed forest soils will not be related
to that on disturbed ones, -nor to ergsion on disturbed

e

forest soils.

o 5. Snowmelt, erosivity, and éiope are ignored.
Another shortcoming of the Singh's proposal is the
omission of snowmelt in the erosion rating. As was pointed
out before (Kafﬁgl and McPherson 1974, Martz 13978, Chanasyk
and Woytowich 1983, 1886; Chaﬁasyk 1986) snowmelt possesses
a high erosivity potential in Alberta. Freezing of the soil
in a saturated or a near saturated condition, will signifi-
cantly influence infiltration rates (Dunne ahd' Black 1871,
Singh and Hillman 1972). Temperature effect of snowmelt on
infiltration and soil water retention can also be important

(Klock 1972, Lee 1980). Thawing and rainfall during early



spring on frozen soils, may develop overland flow and thus
erosion hazard. Molchanov i1960) indicates that when there
is an ice crust, infiltration i treeless terrain does not
exceed 20% of the thaw water within the catchment area, but
on forested areas 87% of the waters seeps in.

Erodibility is markedly inf luenced by erosivity {(Morgan
1983). Rainfall intensity and variability are characteris-
tics of erosivity which need to be further cons idered.
Studies dealing with rainfall and summer storms consider
rainfall intensity in the area to have erosion potential,
and to be highly variable from year to year. A frequency
analysis of maximum daily precipitation (Schulco 1973)
showed that during the-summer‘aboqt 75% of the heaviest 24
Mour rainfall events<exéeed 12.7 mm and 35% exceed 25 4 mm.
Such high frequencies were considered to indicate a high
erosivity potential in the area. Webb (1969) points out that
summer rainfall is the most variable of all meteorological
elements measured at forest fire lookout stations. Powell
and Maclver (1976} observed that rainfall amounts in the
study area tend to be greafer north of the Athabasca River.
Hillman et al. (1978) indicate that during 1972-1975, storms
in most of the Hinton-Edson area varied between 25 and 60
mm, but extreme events above 100 mm were recorded.

The importance of slope in soil erosion has been
considered in the section Lf@. According to Horton (1945),

Leopold et _al. (1964), Rutter (1968), and Bryan (1879) the

Wi
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high local relief of the foothills and the mean slope angle
(25%) of the study area would strongly influence surface
erosion processes. According to Morgan (1983), the relation-
ship between slope and erosion on 25% slopes would be rather
unclear. In any case, an interaction exists, and the range
of slope steepness in the area should be taken into account

in any erosion-hazard method to be applied there.

6. Use of soil associations as erosioﬁ units.

Soil associations (Dumanski et al. 1972) should not be
used as soil erosion units for erosion-hazard ratingst The
variability of properties within soil associations is

extensive and the%“distribution over large areas of

different topograg - configurations, makes them highly

*

heterogeneous. Si¥“ ‘,b nfiltration values for 33 watersheds
in the Hinton-Edson area summarized by Hillman et al.
(1978), suggest less variability within the Marlboro
association (4-5 cm/h) than either the Obed or Robb: (5-20
cm/h) soil,associations. Se;éral studies in west central
Alberta present erosion—hazard ratings for the soil associa-
tions considered in this study. A comparison among these
reports including Singh’s (1983) study is shown in Table 1.
The wide range of qualitative estimates of erosion
risk in Table i, is noticeable for all soil associations.

This variability is probably due to the use of soil associa-

tion subdivisions as erosion units by all authors except
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-
)

- Singh. Varlab111ty w1th1n soil associations according to
Singh |, is caused by the' 1nf1uences of d1fferent fmrest

“©

covers. Infiltration runs per formed on these» soil associa-

>

tion reflect their heterogeneily. ,

P
a

' Table Erosion-hazard ratings for the Obed, Mar.poro, and kurd

Py .

soil dssociétions'in west central~Albertu

Study 5 © Obed , Marlboro . FoPD
Dumanski et al. (1972) & M-H M-H . &§; M-H
Twardy-Corns (19805 ", L-H
Corns-Annas (1981) o oL
V- . o ‘ . » . ;Q’,_i’f “
Hudson - (1985) . L-H M-H
singh .~ (1983) . L-M M-VH —-- L
L lLow- M = Moderate .= tigh VH = Ve}y High

s kY F
- g | v
7. . Lack of practical validation - .

The lack of fi» 1d testﬁng and practical validation

are drawbacks of all “except one (Luk 19&5) erosion- -hazard

rat1ng proposed forrA]berta.:The qufﬁtitative fieldverosion:

. measurements taken . in thls study ‘provide a first step.

\
A

towards f1eld testxng for valwdat1on of angh’s system



- IV.WlSTUDY HYPOTHESIS

Due vto | practical restrictigﬁs. the assessment - of
Singh, s work was limited to only 3 out of 12 soil associa-
tidné, and' 2 out of .3 forest cover types he‘studied.'The
soil 'associations considered in this .study were Obed,
Mar lboro, and Robb; and ‘the forest types were“ﬁine, and
Spruqe—fir. The null (Ho) hypothesis proposed for testing

Singh s method was:’ ‘ -

‘There is no difference in amount of erosion among- the
Obéd,'Marlboro,'and Robb soil associaiions under pine and

sbruce-fih forest types.
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V.  METHODS
A. Study area
The%area selected- for study was in the Edson Forest, on
the forest management area tFMA)\operated by Champion Forest
Produots (Atbertal Ltd. The area is around Hinton, which is
located 286 km west of Edmonton, between latitudes 53° and
540 N and longitudes 116° and 118° W (Figure 1). Elevation
ranges from 853 m in the eastern port1on to about 2621 m in
the southwestern part (H111man et al. 1978). The area is
forested with lodgepole pine, spruce-fir, and aspen forests
typical of the foothills section of the gBorea]ﬂForest-
Region. According to MacArthur (1968), growing stock over
the FMA by areal percentage is 53% 1odgepo]e pine, 19% white
&)
and 5% alpine fir. The company cuts approximately §450 ha
per year .consﬁsting of 60% pine, and 40% spruce-fir (Singh .
et al. 1974). v V
. . b ,
The FMA (7770 km?) is divided into five working circles.:
(WC) for?;management purposes' of Which two (Athabasca and
: Mchod) were cons1dered 4dn  this- study Each WC s further
d1v1ded into compartments and cut blocKs (harvest1ng un1ts)
*Sgt b]ocks normafly are 16-24 ha - 1n s1ze but may be
*?200 ha or maore " (Johns tone 1984) depend1ng on economic and;
l&;ilv1cu1tural cons1derat1ons, stand age, topography and the

degree of erosion hazard (Singh et a1 1974). After logging,

~scarification operations are carr1ed out to fac111tate
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spruce ,9%. aspen, 8% black spruce, 6% standing dead trees, -



o

-4
NT
>
o
>
»
0
>
o

<

JASPER McLEOD WC : 0 Ve

—53°

— — — — Working Circle boundary

ALBER-"-A. ' Comportment

Champion FMA Cache Percotte Forest

1%‘\
-

Products (Alberta) Ltd. FMA

A

Fig | Study area within the Champion Forest

nee




47

regeneration. A1l the cut blocks considered in this study
had been. scarified. The area has been intensively studied
end extensively logged providing\_background information and
- a wide range of cut blocks on different forest types and
soil conditions for the study. Furthermore t e area was an

ideal control as it is the site of Singh s (1983) field

*®

G
work.

The clihate is continental with long, cold winters and
short, cool summers. Annual precipitation averages between
500 and 550 mm of which 70% occurs as rainfall between May
and September . Mean annual and summer temperatures are 2-3

and 8-12° C'regpectiveiy (Swanson and Hi Viman 1977).

B. Stwudy design

‘The genéTeﬁ study_design was to identify a number of
logged areas in which soil disturbance and erosion could
occur as a consequence of har?éstlng and%s1te preparat1on,
.and to compare 1evels of natural rainfall ero$1on on them
with the erosion hazard ratings suggested by Singh s (1983)
method. To accomplish this a number of conditions were
imposed to identify suitable cut blocks.
‘ Conditiens considered were :
- Forest types. Three forest types were identified.by
Singh (1983). In thiS»study only pine and spruce-fir
were consideree becauee of the absence of logged aspen

-~

stands.
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- Soil associations. Three soil associations were
identified for testing of thé system : Marlboro, Obed,

and Robb. Only thrée, associations ‘were . considered
because of .spatial d{fficulties in identifying similar cut
block-soil-yégetatibn~ combinations  and the logistical
problems in sampling a larger number .

- Slope. The sampled cut blocks were restricted to slopes
of about 25% to minimiZe sampling variability and to
encomp%ss a commonly found s\dpe type in the foothills area.
The slopes of the cut bfocks considered in the final results
ranged from 21 to n8%. More than 80% of them were 24 to 28%,
with a mean slope of 25.13% (CV=T7%).

With 1 slope class, 2 .forest cover types, 3 soil
associations, and 3 replications, identification of 18 cut
blocks was reguired. These cut blocks were located through-
out Champion’s FMA north and south of the Athabasca River in
the Athabasca, (9 cut blocks) and Mcleod (7 cut blocks)
working circles, and in lthe Cache Percotte Forest (2 cut
blocks) | of the Forest Technology School at Hinton (Table
2). '

\ The soil map of the Hinton area prepared by Dumanski et
al. (1972), maps and field information from Champion Forest
Products (Alberta) Ltd., and a Cache Percdtte map were used
to locate different soil association-foresf cover-s lope

combinations.
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)
Table 2 Cut blocks and plots included in this study

Soil Association

Forest -cover Obed Marlboro Robb

 AT3-3 (21,32,33) AT14-330 (67,68,69) AT16-847 (34,35,36)
Pine MC3-8 (13,14,15) —CP 1 (70,71,72) AT16-850 (37,38,39)
MC7-70(19,20,21) cp 2 (73,74,75) MCT7 =57 (25,26,27)

) MC3-20(16,17,18) < AT14-757 (52,53,54) AT13-772 ?(43,44,45
Spruce MC3-35(28,29,30) AT14-758 (49,50,51) AT13-773, (40,41,42)
K MC7-65(22,23,24) AT14-759 (46,47,48) MC7 - 61“.(64,65,66

£ L z .

— St S

AT Athabasca workiny circle

MC  Mcleod working circle

. 14-330 (67,68,69)  Compartment - cut block (plot numbers)

cp 1 Cache Percotte block located 450 m NE of the main CP road along -
“the CP flume road, on its right side. :

cp 2 Cache Percotte hlock located 300 m SW of the main Ci’ road along
a short road, located 50 m ahead the CP flume road, on its left
side. 3

(MC3 Tri-Creeks)

Meaéurement of erosion was per formed by estabriéhing a
network of erosion plots on the cut bloéks. The plots
'contained a 0.6 x 06 m grid (Figure 2a) of 18 eroéion pins
0.25 m long anc, 8 mm thick with washers, set into the
ground. Each plot was 1.4 by 3.2 m in size includihg a
buffer zone of 0. . ~n each side, with.all surface vegeta-

tion and litter rem to expose bare mineral soil.
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This was done to simulate logging disturbance and to remove
any differences due to diffefent post-logging treatments and
different cut block ages and harvesting seasons. Within each
sampled cut block, 3 erosion plots were established yielding
a total of 54 pléts for all 18 cut blocks (Table 2). Time
constraints ‘prevented installation of more plots per cut-
block.

. At the time of installation, the pins were driven into

the ground with their heads and washers flush with the
ground surface. The initial distance from fhe head of the
nail to thq.top of the washer was then measured. Erosion was
defined as material eroded from around the piﬁ and beneath
the washer, which was displaced to a lower position.-
Soil loss was calculated by subtracting the initial nail-
washer distance from the nail-washer distance after erosion
occurred (Figure 2b). The average sbi] depth washed away in
each plot was obtained in mm (Appendix 1). Measurements were
taken using a metallic tapg with millimetric scale.

Field work began in the summer of 1984 with cut block
location and preparation. Plots were installed in early
summer of 1985 after frozen soil thawed and dried —to an
operable condition. During the sunnéhs of 1984 and 1985, 75
plots were prepared (on 21 cut blocks) from which 54 were
finally chosen. Samples of surface soils (0-10 cm) were
taken at each plot for physical and chemical analysis; A

qualiiative assessment of soil structure (Wischmeier and

S
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smith 1978) was also made and site parameters of slope
steepness using a hand level, and exposure with a hand
compass, were also recorded. During the iast‘week of July
1985 a precipitation network using Tru-Check wedge-shaped
rain gauges (Huff 1955) was installed.

A11 plots were ready in an uniform condition on.dune 23
1985, and were inspected periodically until erosion measure-
ment waf caﬁried out September 23, 24 and 25, 1985. Excel-
lent weather and lbw soil moisture at this time made
measurements easier. There was also a field reconnaissance
on Ma§ 8.;i986 which gave some additional information.

v the statistical analysis used in this study
conéisted of a 'testf for normality (Anderson and MclLean
1974), 2 way analyses of variance (ANQVA), a least signifi-
cant difference (LSD) test, étepwise multiple regression
analyses, and a comparison between means (Zalik 1983).

The basic unit of data used in the ANQOVAs was the
average depth of soil loss pér plot in mm and the USLE s
erodibility (K) factor. Data were grouped in 3 soil associa-
tions, each with 2 forests cover types. In the regression
analyses 11 quantitaiive, independent variables were tested
against the erosion values obtained as plot averages.
Regression tests were carried out for the whole experiment
(n=54 plots), for 3 soil associations (n=18), 2 forest cover

types (n=27), and 6 soil-forest combinations (n=9). Stepwise

regression analyses were berformed assuming that soil,

-



weather, and site characteristics would permit prediction of
the amount of soil erosion or would show in a quantitative
way, the functional relationships among these. independent
variables and erosion.

The independent variables tested were : amount of
rainfall, slope steepness, texture (M parameter from USLE s
K factor), percent of organic matter, USLE's K factor,
magnesium content, calcium content and calcium carbonate
equivalent percentage. A comparison between meaﬁs was used
for testing differences in aspect classes grouped as .
potentially erosive and potentially non-erosive. Most o;‘the
statistical tests were done using the SPSSx system (SPSSx
Inc. 1983).

C. Measurement of erosion using erosion pins

There are several simple and practical methods for
measuring erocsion. Among them erosidﬁ"pins estahlished as
reference points about which soil loss is measured, is
probably the simplest and the most commonly used:

'According to Haigh (1977), an erosion pin (nail, spike,
rod, stake, peg, or angle rod) is essentially a benchmark.
It is ggperally an iron or steel nail some times s 1ipped
through a loose washer of the same material, and driven into
the ground with’the bottom of the washer flush with the
ground surface. The washer should be loose so it will
descend as erosion washes away the soil underneath, exposing

the nail (De Ploey and Gabriels, 1880).The main‘advantage of

53



54
using the washer is that it gives a firm surface from which
to measure (Dunne 1977). Washers also allow measurement of
deposition and net erosion. Should any deposition occur
after maximum erosion, the fill will be deposited on top of
the washer. The difference between the amount of erosion "
indicated by the downward displacement of the washer and the
amount of fill on top of the washer is the net eroéfon at
the nail location (Emmett 1965). Gleason (1857) points out
that the washer functions much as a maximum-minimum thermo-
meter. To avoid problems with rustable materials and frost
1ifting Haigh (1978) recommended using Qery loose fitting

washers, and non-rustable materials.

The head of the pin is taken to be a fixed refergnce

datum, and changes in its elevati hove the soil are
interpreted as changes in the he jnt of the surrounding
’h”f,‘{ s

ground surface. A reduetion in the erosion pin expos
termed "grouhd advance", and an increése is termed “grgﬁhd
retreat” (Haigh 1977). Advance and retreat may occur inde-
pendently of erosion or deposition as a result of cyclical
expansion and contraction of. the ground surface due to
heating and cooling, wetting and dhying, freezing and
thawing, hydration of clay minerals, soil creep or compact-
jon (Haigh 1977). Emmett (1965), and Dunne (19;3) ment {oned
level surveys from a bench mark as a protection against the
effects of frost heaving or trampling. Schumm (1967)

emphasizes that the pins mus® be installed with a minimum of

-
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ground disturbance and in a fixed position."4he pims should
be long depending on local conditions, thin, smooth, strong,
and easy to locate lin the field. If logg; they will not be
affected by surf1cia; creep or frost action: if thin, their
effect on surficial runoff and eros1on will be m1n1m1zed if
snooth the may resist frost heav1n§ and if strong they can
be driven into weak bedrock. If a- wpsger is used the initial
distance from the headjof the nail to {ﬁe top of the washer
(depending on the kind of nail used) must be recorded at the
time of 1nsta11at1on (Dunne 1977). Emmett (1965) recommends
after each measurement,‘washers and pins should be lowered
to the ground surfece.

. In Appendix 2, 31 erosion pin studies with guantitative
results are presented, with rates of pin exposure ranging
from fractions of a mm to dozens of centimeters during
periods of measurement ranging from hours (storm events) to
months (seasonal rainfall), tO“ years  These studies

represent 30 years of research around the w6r1d 1p‘a variety g

m g *jw‘

%

S
';:!}7“”1", o

of environments and sites. o .’

Types of pins used in these reports ‘1nclud¢diWOoden;&‘

1on rods,and iron or steel naiis ign spikef,,~washers usad %{

were plastic or metallic, . f1xed oy redeable Arrangements
M*

of pins were mainly in clusters d: iontours Most of the:

experiments were carried out us1ng} in 25 to~45 cm long,‘

without washers and leaving a Kngwn 1n1tia1 p1n exposure
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The measuring techniques used variéd from simple metric
sticks or tapes, to special devices with micrometers
accurate to 0.02 mm, and use of computer programs for
erosion calculation and contour plotting (Sams and Rogowski
19841 . "
The effectiveness of erosion pins have been evaluated
in a number of different ways. Hadley and Lusby (1967) found
erosion estimates from pins compared favorably with amount
of sediment delivered to a reservoir, and with the USLE's K
factor. McKenzie and Utgard (1978) obtained 30% higher
values of spoil-bank erosion‘using stakes than fabric dams.
White and Wells ©11979) reported agreement between pin
measurements and sediment amounts collected in traps.
Mil]inétgn (1981) used erosion plots finding no correlation
du& to déposition. Andgrson et al. (1982) found different
trends in their results using rainfall simulation and
erosion pins. Haigh (1982) found no association between a
modified version of the USLE for %surface-mined lands and
" erosion p%ns on thre%mflékes. Toy (1983), comparifg a newly
developed "linear erosion/elevation measuring instrument’
(LEMI) with erosion pins, concluded that erosion pins were
more reliable and easier to use. Haigh (1984) monitoring
changes in road bank surfaces over a period of 5 years,
found soil losses measured using pins confirmed values

predicted by the USLE. sam and Rogowski (1984) reported
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favorable agreement between data' obtained from "pins'with

_so11 loss measured in runoff samples using rainfall s1mu1a
S

t}on. Rogowski et al. (1985), test1ng soitl eros1on measured=

.

by sampling sedimentc:Toad.' ‘erosion p1ns unden stmulatedv'

rainfall, . the USLE and a erosion-deposition mode1 found

that erosion p1ns y1e1ded the h1ghest value They. concluded;v

the eros1on p1ns 'overpred1cted because of the 1Pcreased»1

amount of raln collected by each p1n and the 11Ke11hood of,

Q
enhanced turbu]ence in runoff

In summary, COmpar1sons of eros1on p1ns w1th more

e laborate methods mostly show good agreement In some cases:

comparison is difficult or mo correlatijon is found. In

others, overestimation is reported _specially under intense.

“rainfall. The main pros and cons of the erosion pin method
found in the reviewed papers and duhjngvthe field work are

Advantages:

S Direct meaédrement
- Simplicity

- General appltcab1l1ty o —
- Cheapness, ava11ab111ty and durab111ty

< Less risk of vandallsm | )

T 'Effect1ve, ‘easy to 1nstall and good 1oca1 estimation

s Disadvantaggs

= ,Alterat1ons ofp%1cro env1ronment around pin

- Potent1a1 d1sturbances at 1nsta11at1on and measurement

- - »



58

- Risk of frost heaving N1 wetting-drying, cdreeping

- Potent1a1 problems o‘ pling or animal damage

*

7f- D1ff1cu1t1es at record1ng and resurvey1ng
- Risk of not enough natural rainfall ‘

Some of these disadvantages can be overcome
vfo]lowtng the suggestions and -examples of Schumm (1967,
'.Dunne'(t977), Haigh (1977), and Sams and Rogowski (1984).

°D. Evaluation of soil properties

. Soil properties described on each plot (0-10 cm sample)
fincluded . soil texture, soil sthdcture; permeability class,
_percentage of calcium carbonate equiva]ent,~crganic matter
percentage, and exchangeahle amounts fcf calcium and mag-

2 s

nes1um These soil parameters were chosen in accordance with
the1r importance as soil ‘factors controlling d; influencing
erosion as suggested in the 11terature A second crtter1on
was the availability of data and equ1pment and the posstbi-
11ty of performing rellable field sampl1ng and analys1s in a
short period of time. Bu]K dens1ty‘was another soil property
initia]]y sempled but later discarded from analysis because
of poor sampjing*procedures.

Soil_textUre for the fraction fineh .thanh 2. mm was
determined by the Bouyoucos hydrometerufmethod (McKeague
1978) Soil structure classes (size of peds) were defined

',1n the f1e]d<accord1ng to bhe USDA 5011 Survey Manual (USDA |
1951) adapted to the QSLE spec1f1cat1ons 7 Permeability‘

.
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classes for the K factbr;ﬁwere defihed by re]ating-textura[
types to tables bresented‘by Lee (1980). CaCO3 content was
analyzed using the acid neutralization method (hllison and
Moodie 1965), in samples showing effervescence to d11uted
(10%) HC1. Organic matter was calculated through the
determination of organic carbSn. Organic matter is assumed |
to conthin 58% carbon, so the amount of organic matter could
be estimated by multip]ying: the orggnic éarbon value by
1;724 (Twardy and Corns 1980)?30rganic carbon was stumed to
equal total carbon when CaCO3 was not present. In samples
containing CaCOj, orgapic carbon was determined by subtract-
ing inorgipic carbon, as calculated from the CaCO3 equi-
valent determination. Total carbon calculation was carried

?out"by dry combus}ion using a resistancé furnace with a

gasometric detection of evolved COy in "an infrared qetector

(Leco‘Corporation, 1979). The eXéhangepble amount Of’CQ and

' k]

Mg was.measured by tha%gémmohium.‘aCetate me thod KMcKeague

1678). The physicai properties>dfjthe soil associations were

determined by the authér and all chemical tests were
conducted by the Department . of §%il science, University of

Alberta, soil laboratory.

'E. Collect1on of ra1nfall data

Summer precip1tation records (June-September) from
forest fire lookouts, standard rain gauges, ranger stat1ons
(Alberta  Forest Service 19&5; '1985a), and Tru-Check
wedge-shaped rain gauges installed for this study, wefe

o ¢ ¢
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collected and Used in the discussion of results. Lookouts in
the study area were : Athabasca (1630 m as1) and Obed (1580
m asl) in the Athabasca working circle, and Yellowhead (1460
m as]) in the MeLeQd working circle. Data for the McL&od

V‘ work1ng circle were also obtained from 14 standard rain’

gauges in the Tri-CreeKks area (1280-1555 m asl) and one in

- ,H1nton (1010 m asl). Eight Tru-Check rain gaﬁges were
b installed in the cut blocks of the Athabasca WC (1 at AT-BK
. 2 at AT-13, 3 at AT-A4: 2 at AT-16), and 4 were installed 15
. the!McLeod WC (at MC-7). Data for total amount of rainfall
from these‘ rain . gauges were collected ‘?rom August 1-
September 25, 1955._Because of late delivery, the Tru-ChecKks
were instaiied after the study had begun. Loeation of these

rain gauges is shown in Figure 3. v_

Huff (1955) showed that tHe Tru-Check rain gauge
compares fayorably wﬁthtithe U.S. Weather. Bureau standard
eight inch stick gauge. | .

Precipitation information from 2 additional 1oe;euts.in"
the FMA (Mayberne and LQveit), 3 outside it (Huekfeeenry,
“Tom Hill and Ansell), and 1”ranéer station Toed%ed at
Robb. Since pfots were ready on June 23; 198§'iookout
records weré cons1dered only from that date up to September
4. (c]os1ng time for gsome stations),. or.up to the erosion
measurement time in September Location of lookouts and rain

gauges are presented in F1gure 3.
By

bt @%@J
L
‘-
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T|R219

L Lookout (Jun 23-Sept 4)
i H= Huckieberry, M= Mayberne, T= Tom Hill, O= Obed
An= Ansell, A= Athobasca, Y = Yellowhead, L= Lovett

“' Tru- Check rain gouge (Aug | - Sept 25) -
o Standard rain gouge - (Aug 13- Sept 25)

Ranger station (Jun 23~ Sept 4)

>

Fig 3 Rain gauge locations and rainfall records {mm)
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F.' USLE's erodibility (K) factor

The K factor of the USLE (Wischmeier and Smith 1978)
was used as an additional parameter to assess soil loss. The
K factor for each plot was calculated using the following

equation:

K = 2.1x10°8 (12-0M) m'-14 + 0,0325 (s-2) + 0.025 (P-3)

OM = Percent organic matter

M = (% silt + % very fine sand) (100 - % clay)
S = Structure code (1 to 4)

P =

Permeability code (1 to 6)

The K. factor was used  for _comparing erodibility
features among plots and soil associations-forest cover

combinations.
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SULTS AND DISCUSSION

Measured soil loss, K factor, and Singh’ s method

variable within and between soil associations and
over types (Table 3). Only 5 out’ of 54 plots had
‘eﬁési h rates above 1 mm. Average soil loss for all plots
c ined was 0.49 mm and ranged from 0 to 1.44 mwm . Erosion
for both the Marliboro and Robb associations éveraged

0.52 mm, and was 0.43 mm for the Obed soil associatién.
Erosion among the forest cover types averaged 0.49 mm fdr
iboth pine and spruce-fir.

Evaluation of erosion hazard by the USLE s erodibility
(K)_factor. used as a dimensionless index, showed plot
vajués ranging from 0.13 toiO.42. These values are similar
to those reported by Hudson et al. (1985) (0.28 to 0.42,#
ranging from “Low" to "High") for Tri Creeks. Only slight
differences were apparent between the forest cerr,types,
with pine and spruce-fir gveraging 0.27 énd 0.25. Maximum 2 -

values for erodibility fgqtor (K) oqcurred in the Obed soil
' association with a mean o} 0.31. K values in the Mar 1boro
and Robb associations were equal, averaging 0.24. The

pattern of K values between the soil associations was

opposite that indicated by measured erosion (Figure 4).

™~



Table 3 Soil loss (mm) and USLE' erodibility (K) factor index

OBED MARLDORO : ‘ RODB
PINE SPRUCE PINE SPRUCE PINE SPRUCE
Soil Soil Soil Soil - Soil so1l
1088 loss K toss K toss/ K loss K loss K
4 .28 17 .23 .39 .32 67 .15 39 .23 1.28 .27
39 .33 72 .34 .44 .30 .39 .20 1.17 .27 06 .19
' 1 .36 94 .37 .28 .17 56 .13 .18 .15, 1.3
.32 33 .23 .78 .13 .49 .27 .00 .20 17 .18
39 .27 313 .38, .50 .24- 67 .22 .06 n/d .67 .20
22 .34 61 .3l 1.44 .41 220 .13 o1 2 a4 27
56 .42 8 .26 61 .13 JLo .25 61 .20 .22 .16
44 .42 83 .30 1.22 .17 g7 .37 17 L3 .49 n/d
17 .34 17 .28 06 .14 .44 .36 178 .31 .39 .20
1]
% .31 .34 54 .28 64 . .22 41 .25 S1 .25 .51 .23
o% 52 15 56 18 70 45 49 3 % 39 79 3
604
1 o o o [50
Soil K factor
Loss 1 %, - Index
. < Xe o x 1
2 = - XK ~X -
mmxI10™ 4 L x 10
4 ‘ p-
O M R P S OP OS MP MS RP RS oV
—o—Soil loss - ~=x---K factor

IS
i

\\\' ‘ - e ,‘V
Fig.4 Comparison between measured erosion and caiculated erodibility (K)
. O=Obed M=Martboro R=Robd P=Pine S=Spruce —tir
0.V. = Overall vaiues
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Analysis of variance of both data sets (Tables 4 and 5)
indicated no significant differences in measured erosion or
K values  between forest cover types. No significant inter-
actions were‘found in rates of erosion or in K values. No
significant differences 1n erosion were measured between
soil associations. HoweVer, a significant di fference was
detected in K values éﬁong soil associations. Since K only
involves soil properties, the highly significant éalgylated
F‘for soil associations was not unexpected. A LSD test of

the means found erodibility in the Obed soil associatiqps to

be different than in the Marlboro and Robb associations.

Table 4 ANOVA of soil loss stratified by soil association

and forest cover type

F
Source of Variation DF SS MS F Signif F
Soil assoc. 2 0.102 0.051 0.450 0.640
Forest types 1 0.001 0.001 0.007 0.033
Soil x forest > 0.469 0.234 2.067 0,138
: ’éﬁg& B
Error 48 5.441 0.1:3 s %

Total » 53 6.013
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Table 5 ANOVA of erodibility factor K stratified by soil

association and forest cover typc

3

ﬁSource of Variation  DE SS MS E Signif F

| Soil Assoc. ) 2 0.078 0.039 6.117 0.003 **
Forest Types E 1 0.004 0.004 0.674 0.416
Soil x forest v 2 0.021 0.011  1.734 0.187
Error , 48 0.291 0.006

|, Total 53 0.394 0.007

v

A cOmparison of Singh;s system to these results was
céndﬁcted eQén though the statistical analyses indicated no
real differences in erosion between soil assOciations—foreét
types. The aim of the comparison Qas to see if there was any
ggreement in rankings or trends between the three assessment

systems (Table 6).

Table 6 Ranking of erosion hazard, measured erosion and
erodibility factor K

- EROSION HAVARD

LOW MODERAT! HIGH

1 2 3 ; 5 6
SINGH'S o RP P . MP_ . s __ . RS ___ M5
MEASURED
EROSION - _O°P ™ ______. RP_____ RS . os____. MP_
K FACTOR RS MP RP MS 0S op

O = obed M = marlboro R = robb P = pine S = spruce-f1r
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The comparisons, in general, were inconclusfve. No real
trends or consistent patterns were identified between the
different assessment systems. Matching Singh’s ranking to
measured erosion revealed some agreement in the low and
moderate erosion classes, but no agreement in thg high
hazard classes (Table 6). Comparison between Singh's rating
and the K factor showed little agreement, especially in the
high and low hazard classes. Measured erosion showed Some
correspondence with the K wvalues for specific soils, but
also did not agree for either the high or low hazard
classes. It .can be said that theoretically a better agree-
ment should exist between S{ngh's rating and K factor since
both are only related to soil properties. "Differences"
between soil loss and K values can be partially explained by
the fact ihat measured soil Jloss included the rainfall
effect which Ts not considered in the erodibility facfor.
and according to &organ (1983), because soil grodibi]ity
varies non-uniformly with erosivity.

Tabie 7 and Appendix 1, present a better description ofl
the kind of erosion procéss measured by pins on the plots.
Table 7 shows that measured soil loss occurred at only 257
(26%) out of a total of 972 pins. In all plots minimum soil
- erosion was nil (0 mm) and the maximum of 8 mm occurred only
once. Erosion figures from 3 to 7 mm were also scarce.
Erosion measurements of 1 and 2 mm were most abundant,

representing 77% of the total erosion observations (257).
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Sixty-two percent (599) of the pins did not show sigfs of
sheetwash erosion. Measurable soil displacement (erosion *
deposition) was observed at 373 (38%) pins. Erosion was
unequal and very localized as illustrated by plots 36, 17,

and 47 (Figure 5).

A
Table 7 Frequency of. eragsion  and deposition detected by
erosion pins in each soll association - forest

cover combination —

NO CHANGE EROSION DEPOSITION MEAN EROSTON
No. % No. % No. % mm
OBED 116 72 4.2 26 4 2 0. 31
DINE
OBED- 97 60 52 32 13 8 ' .54
SPRUCE '
MARLBORO- 83 51 q1 26 37 23 0.61
PINE
MARLBORO~ 107 0o 32 20 25 15 ‘ 0.1
SPRUCE - :
ROBB- 106 05 37 23 19 12 0.51
DINE ‘ '
ROBB- 92 57 52 32 '8 11 0.53
SPRUCE
TOTAL 599 62 257 26 116 12




8 B8 B o o0 O o a
SLOPE | 6 4 B o o B 2o o |
| L6 o o ©O 1o 1% .
B o0 8 i 0 O 2 o o |7
- v 8 0 O o} a\ 0 TR o
8 B B B8 8 O o B B -
PLOT 36 PLOT 17 PLOT 47

Fig 5 Examples of soll loss patterns (mm) on plots

»

(8 = burled pin)

The apparently low average of erosion observed (0.439 mm
c 0.16 mm/month), was comparable to other studies. Campbeil
{1982) obtained mean plot values in the Red Deer Badlands of
0.63 wm/month. Bovis and Thorn (1881)in an alpine region of
Colorado, found average soil loss values of 0.1 mm/year.
}lerena et al. (1987) 'reporfed similar erosion rates us ing
simutated rainfall in the Hinton area. Erosion at Hinton

was intermediate between the highly erodible Badlands, and

thesslowly eroded alpine hillsides.
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Assuming the overall mean, 0.4 mm, as.representative‘
of erosion on the cut blocks, it Qéé possible to<est1mate
soil lass as?g,volume or mass. Jhus, 4.9 m3/ha, or 6.4
ton/ha (assu%éd averagé bulk density = 1.3 g/cm3) would be
washed awéy from the disturbed parts of the cut blocks,
dur1ng the rainfall season. This amount of erosion is
greater than the highest annual soil loss to]erance for deep
soils in Alberta (Tajek et al. 1985W\“ﬁ6wever given the
rough surface characteristics of the cut blocks (reVegeta-
" tion, contour scarification trenches, amougt of slash) very
,1ftt1e of the material will be removed of f the cut blocKs.
In this study a greater number of plots would undoubtly
, hiVe improved the reliability of the results. However , as
- staied$before, practical constraints made that goal
jjnpoé§¥ple. To sample with a precision of +10% from the

‘égmean.vit would have been necessary to use 188 plots {Zalik

s 1983). With only 54 plofs the theoretical accuracy level

K}

é -3

. drops to about *20% . ¢
o Seil is . 3 h{gh1y variable entity (Mader 1963, Beckett?
?gnd &ebstér‘f971). The variability encountered in this s,pdy B

n;was similar #tol values reported in other studies. éryan

'(1981f reported a coefficient of variability (CV? of 39.1%
‘ under laboratory conditions. Bovis and Thorn (1981) obtained
Cv values over 100 % for an alpine environment. Anderson et
gl; (1982) presented extreme annual point eros1on ‘values . (0

~and 89 mm) within only one}so11 group.
—
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One hundred sixteen (12%) pins (Table 7, appendtx'Q)"
were ooveréd by sof] depos1tlon. and most of them occurred

in the two bottom rows. These pins were bur1ed (B) by

’mater1a] com1ng from OUtSlde ‘plot boundar1es or from the

" snow were measured around plots 64 65

v1985 at the Athabasca. ﬁbed and Yellowhead lookout statgoncﬁh;;'

T Athabasca and Yelldwhead respect1vely. R

‘1upper parts of the” plot Inspect1on of the p]ots showed‘

deposlt1on happened before any soil loss was detected This

suggested that a threshold Jevel of erosion may be requ1red'»

‘before rel1ab1e est1mates of erosion can be detected by‘v

.eros1on p1ns The. 1ow depths of eros1on and h1gh var1ab111ty

>

measured may also have been 1nfluenced by the low frequency

‘f.and var1ab111ty of prec1p1tat1on in. the H1nton area in

" summer 1985

Spat1al var1ab1l1ty was part1cu1ar1y evwdent dur1ng the

snowfall event of dune 23 Dur1ng th1s d almost. 60 cm of
::3\\66 of MC7-61;

AN X

-10- 20 cm around plots 18, 20, and 21 of MC7 70 and no snow
at al] in cut bﬂock MC7 57 ]ocated adest in. the m1dd1e of (o

]MC7 61 and MC7 70 not more than 2 Km- away Var1ab1]1ty 1nrj

."i

:,'t1me and”space>can be observed lookwng at the dally records]»~'

Y of ratnfall htgher than 10 mm from June 23 to September 31 S

LY

A'ITable 8) on August 8; 1985\wheh the most 1ntense summer@ o

.‘

. storm ocpurred the Obed lookout 'registered 42 4 mmf24h
| This 'figure* was 63% and 19% higher than tﬁa records of
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& - o | : "
Table 8 Days with rainfall higher than 10 m/20 h {(lookout
5tat,'10n_,) from June 23 until September 1985
oat O . . ) =
ATHABASCA - OBED YELLOWHEAD
TJUNE . 23 AM 7.0 . 6.8 Trs
PM 1.6 4.2 2.6 ‘
24 AM 8.4 1.2 4.4
PM 1.4 w130 qu w . 90 ’
25 AN 7.0 %, ,”1311?ﬁa,;, 2.8 ‘
PM S0 iy O e * 0 .
. g & e @ . L .
WJULY * 19 AM 1.2 16,00 0 14.2 '
° ‘ ' PM - 0.4~ Trs. = 0.2
24 AM, 2.0 2.2 17.0
PM "0, 0 0
AUGUST ~ . 3 AM Trs. 15.44 0
. PM 0 ., 0 0 .
8 AM 25.4 FAal.4 Avdf
) 0.6 "7 1.0 . 1.6
9.2 5.0 o -
. * 0,9 0.4 11.0
¥ 12.0 "16.4 -0 \
. 1.8 %0 17.8
Y158 182 #23.8
26 5.7 3.6
14.0 - -~ 16.0° 13.0
8.8, 7.0 © 8.4
'SEPTEMBER 5 AM 3.6 {Closcd Sept. 4) 2.8
‘ PM - 9.0 : 2.2
_5791 (Closed Sept. 11), . (Closed sept 1)
PR Seurge : Alberta Forest Serv1ce (1985) o
:\\b- R < ‘t. : L e . N - !‘

Ralnfall energy thresholds (Fa;rbr1dge 1980) capable 0f
‘produc1ng erosuon on most of the plots ocgurred F1e1d«3

- observat1ons clearly 1nd1cated that the ra1nfaﬂ%,&preshold
o for erosion occurred in” August Inspe&tlﬁn QE pﬁ%ﬁé b%qug

a S . £
August revealed no measurable s1gns of grosxon around p\ns._
. & %
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Rainfall distribution during’ 1985 was different than
normal. July is usually the wettestA month foliowed by dJune
(Schulco 1973, Hillman et al. 1978) but in 1985, August and

September received”the'heaviest rainfall, as shown below

Table & Total montly rainfall during the summer of 1985

Month “ “Rainvfa'll | % of total
C(mm) . :
St My ' D 12
June ‘ &4 P 20
July -39 | ’ 1
August - : L L ALT | A 32
Septemberv a 90 | ) | _2_2

362 100

' Thist,unusual' pattern of precipitafion distribution
suggestedra' relat1vely dry per1od in June and duly August
-would be a period of seqqent1al/ wett1ng rainsplash, and -
sheetwash; and ‘SéptémPEr a ﬁgh{pd of sheetwashing and
rilling. In the final survey, sediment accumh\étion at the
Bdttom of the plot'was evident, with-fan shaped deposits and
“small rills on some of them. | A more usual d1str1but1on of
the ~same amount of ralnfall ngU]d have probably causedg
h1gher erosion as a consequence of the comb1ned effects of:

spr1ngme\t and’ ra1nfa1l

[ ﬂl}
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A1 Prec1s1on of eros1on measurement
{

Soil erosion in this study was measured in order to

detect differences among certaim soil units, therefore the
main concern during the field werk was to treat all the
samples as uniformly as possiblel

Differences existed -among the.selected cut blocks with
regard - to haruesting 'year and season, post harvesting
treatment method, amount of slash left on the ground.

regeneration cover, and other variables Preparation of

“small p]otgmpr1or to sett1ng of erosion plns was carr1ed out -

L'””?ihese d1fférences, and prov1de un1form samples

to elimin
in each soi/ junit underﬁanalys1s. Furthermore, the plot size

Wag selected to represent spots of bare soil resulting from

“?T/ngging; Berdering was avoided because it would have altered

-this simulation. | o b

§~fErosion measurements were also affected by the type of

erosion pins and washers used. The nails used were rela-

‘t1ve1y thick (8 mm), and appeared to be obstacles to water

and sediment flow, in a s1m11ar way that pebbles, plants,~or,

slash of comparable size. However, during erosion measure-.

ments, it appeared that the washers reduced erosion because
.of a reductibn 1n raindrop impaét 'Better? results and
probably h1gher erosion rates m1ght have been recorded using
removable washers w1th headless pins of smaller diameter

(Haigh 1977).

&
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The main consideration in relation to the use of the /
erosion ptn method 1is linked to its reliability with the
amounts of erosion most frequently detected in this study :
77% of the total soil loss was only 1- -2 mm deep. Obviously

L]

in measur1ng “amounts of erosion like this with a }§£§111c
tape{ the magnitude of error will be ‘greater than in
measuremegts of 7 6r48 mm of soil " loss. In case of low
erOSion rates a ref1‘apent of the measuring procedure is
thus desirable. A convenient alternative would have geen to
'”use the type of micrometer used by Sams and Rogowsk i (1984):'
or sué@ested by Haigh (1977). " 3\ . —

%bctors affecting soil loss a

. ]

Mu1t1ple regre551onfana1ys1s was used in an attempt td)
1dent1fy the factors'confroll1ng ﬁros1on in this study. The E‘
'mean erosion, soil properties, rai fa]] amounts’, ¢ and 51;3 g @
characteristics for each plot tAppend1x 3) were used 1na
stepwise multiple regression:analyses{ 'A loga?tthmic‘@an a
linear model were tested.{ o v‘f“.j

Stepwise regresstbn analyses with erosion as ‘the
dependent variable were carr1ed out for the expertment Aas a
whole (n = 54 observat1ons) and on forest cover'‘types (n =
27}, soit types (n = 18), and soil-forest types combinations
(n = 9) A confidence level = 80% was used because it was
considered appropriate for the highly variable data,nand g
froml a land management viewpo1nt in assesstng eros1on A

[

summary of the statist1cs is presented in- Table 10.

v . )
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Table 10 §Fepwise Multi¥le Regression parameters.
Y =bgt by xp t ..t bn X,

. n Step Independent - Mult. r2 - Ppartial Equation‘éoeffiCiean
- e variable r . r bo by...by
All = 54 1 oM .2314 .0536 -.3322 .8124 . ~..0516
2, CacO3  .2966 .0880  -.2766 ‘ " -1.3p91
3 ¢ Slope .3467 1202 -.1890 o - .0325
4 ¥ Mg 3929  .1544 .2577 - .1024
5 Rain .4470 .1998 L2317 _ L0026

7= depth of soil loss (mm)

Forest cover types : P'= plne, S = spfuco~fi% .
Soil association . 0 = Obed, M = Marlboro, R = Robb
Soil-forest combinations : - oP

b, 0S, M, MS, RP, RS.

.o . » : k3 "
- . ¥ A
. ° '
i ﬂer, , o
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and had partial cdrrelations from 0.28 to 0.90. Magnesium
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. Linear regression models gave ,the best résu]ts which
were highly, var1ab1e. coeff1c1ents of determ1nat1on ranged
from-? to 96%. Comparisons were restr1cted to s1m11ar data

sets, as the magnitude of coeff1c1ents of determ1nat1on are

affected by sample size. Part1al correlatibn coeff1c1ents"
.were used “in order to identify the re]at1onsh1ds &etween

erosion and egch independent varlable. separately:\oéﬁthe'

%

acqompany1ng variation due to add1t1ona1»“1ndependent“

variables (Zalik 1983). o,

4

"B.1 Soil properéjés.
The most 1mpor nt soil parameters explaining soil

-

erosion in the regress1dp analyses were percentage of

-organic matter (OM), calcium carbonate content (CaCO3) sand

o

and. clay, and calc1um content ir .me/1oog. These var1ables'

mb\i/ere repeatedly sedected in the siﬁ%&ise_regresswon analyses

content was also selected in the analyses. as hav1ng a direct
relat1onsh1p with en051on in two eq§§t1ons (n = 54, = 9)
K- erod1b1]1ty as an 1ndex was only ~wdent1f1ed as 1mportant

1n two equations (n = 9) K ‘showed an inverse relat1onsh1p

&

with eros1on prﬁbably due to the d1fferences in eros1V1Qy Qﬁgﬁ

observed 1n the study area Soil parameters not identified

.as important were the N factor, and the textural component

sixt plus fine sand (SIFS) . . L b

The 1nverse relationsh1p among oM’ and erosion opposes

"the observation of Hudgson et al)- al‘w(1985) for Tr1 Creeks

PEE——E

4 .
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ya Clay and CaCOj respectively ‘follow in importance to

w1th the except1on of

Q; OM, both of them tending to reduce erosion susceptibility
3\\§{ay in the Robb - spruce-fir soil-

forest unit. gand and QEEP3 are var1ables apparent1y tending
to act thether against erosion.

In the soil-forest units under pine OM and sand are the

¥

most important factors. In the soil-forest wunits under

_.spcheLfir Ca, K, and clay togetheh are the factors exp]éin—A
3{ 1ng' most of the erosion var1ab1]1ty The Robb-Pine soil-
forest unit presents the regre§51on with the highest

coeff1c1ent of determ1nat1on QBG%) ) @K“? g

g

In sunmary ‘we soil variables were detected as having

©an 1nf1uence on eros1on in this study : OM, clay' CaCO3, Ca,

and sand. ¥

t

B.2 Slope anq]e and aspect

Slope steepness is the only srte factor 1nc1uded in thet
regression analyses This factor is only present in the
first equatibn {n = %4), and hasva’negative correlation with
erosijon becauseyit is almost conStent} the minus &ign is a
random result. ‘Leqpoid;gt;gl;‘t1966), grid Luk (1875}, - found

rsimiian-results.; o . _s o
Aspect was not included in the regression analyses. It

was tested by .comparing 2 soil loss means obtained from plot

vvalues Previously, plots were . grouped_in " erosive and non

/”‘ erosive exposures as defined by field observation and
literature sources (Spence 1972, Rothwell 1978, Crockett and

s
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Shelford 1982, Churchill 1982). North and east (24 plots)
were judged colder and wetter and thus more susceptible to
erosion processes, than hotter and drier south and west
exposures (30 plots).
A Student's t-test indicated no difference betwégk"

aspect groups, therefore, it was concluded that in this

'sfbdy aspect did not play any role in the erosion results.

,PrOEably, under the conditions of the study area, more

contrastmg ‘aspect units should be used inMrder to detect.

VJ

d1ﬁ¢erences in erosion associated to this siope feature.

B.3 Rainfall characteristics

The amount 6f erosion variability expla1ned by the
1nc]us1on of ra1nfall in the equations ranged fron”% to- 21%
Surprisingly, Obed and Marlboro equations conta1n rainfall
variables with negative coefficients. This is ’presumea to
result from the fact \}hat the 5 plots having the largest
amount of eros1onﬂbyﬁggned to be in the lower rainfall areas -

b}

(as expressed , by\the .closest Tru Check rain gauge) in the --

. % ]

Obed units. Additionally, the rainfall amount in this unit
was the most constant with a CV of 3% I the Marlboro unit;

where rainfall also had a low'variability (CV- .= 10%),

" something similar occurred . ‘The plot with the highest

-erosion value of the wnolé study area was found in the cut

block with the second'lowest rainfall record. Also, the two
lowest plot erosion values in the Marlboro unit occurred in

the area with the highest rainfall record. This situation

—_—

:r,:'f” .

S



was clearly shown by the low coefficient of determination
(r2) of the experiment as a whole (20%). This low value
might also be revealing the variability of rainfall.

A closer examination of soil and site characteristics

80

of plots with low erosion rates in locations undet heavy .

rainféll{ qou]d lead to find other soil and site properties
(microtopography, stoniness, amount and type of slash, nlant
. bt .

regeneration) influencing soilloss.

» C. Add1t1ona1 findings
' Dufjng the summer of 1984 some plots were prepared and

pins were established. In the early summer of 1985 pins were

checked for frost heaving problems. Evidence of frost

‘heaving?was detected in only 12% of the pins. The method

used consisted 'in leveling the nails in the plot rows (3a

p1ns/row) dur1ng installatfon, w{th a sp1r1t level > and
'remeasurement the following spring. Heav1ng was’ 1nd1cated 1f
the nails were not level on remeasurement By measur ing p1n
exposures in the frost heaving plots in 1985, and checking
some plots during early summer of 1§86l it was pdssible to
observe much. more soil entrainment after snowme 1t ing - than
:fter the réihféll season. Close observation of the soils
'affécted by the 1ncip1ent erosion process show widespread
needle 1ce activity From these observationé‘ it was esti-
mated that, on average, the amount of soil eroded durinq
v

springmelt might easily be 5 times higher than the

amount of soil loss found durtng the rainfall 5eason

'’
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VII. CONCLUSIONS

Singh’' s erosion hazard rating was compared to measured‘
erosion and the USLE's erodibility (K) factor.'Erogion was
measured using pins?,oh plots repﬁésenting segments of
harvested cut blocks on slopes 25% steep, on 3 soil associa-
tions, under 2 foresf cover types, in the Hinton, Alberta,
area. The K factor was calculated following the guidelinesr
of Wischmeier. and Smith (1978). |

Results obtained in the field showed small debths of
soil loss of mostly 1-2 mm among pins and avﬁ*aging 0.49 mm

in plots, representing a masg of about 6 ton/ha. The kind of

“variab®ity obtained was considered to reflect the normal

variability found in forest sa’ls under logging operations.

Part of it was due to the distribution and magnitude of

summer rainfall in 1985. ' '
o Statistical rgsults indy no differences in erosjbn |

&,

¢ o M LY @
between forest %ypes and among soil-forest cgabinations,

.leading to rejection of Singh s method;ﬁ,HQwevehvwgiveaaxﬁe

closeness of erosibn' measurements, aﬁd no consistent
agreemeqt in patternss betweeﬁ them and K-erodibility
re%ults; it is difficult to make any conclusive judgement on
the effectiveness of Singh’'s system. A larger‘sample size,
1mprovéments in the erosion pin method, and gfeater control
of enyironmqual variables.pefh;ps would have provided»a

more conclusive test of the Singh method. A fair COnCIUSiQh

81
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for this study was that better descriptive cfifer;dﬁwere
needed for a reliable erosion hazard rating syStem.‘

The main soil variables which were found to influence
the amount ‘of soil erosion were : organic matter,uéachum
carbonate, sand clay, and calcium content 

Corfelation, between rainfall and soil erosion was mg;e
clearly observable using data for daily rainfall than total
amount of rainfall. No correlation was found be tween aspe@ﬁa
and erosion.

Some® concurrent findings deserve further attention
- The relationship among soil moisture content-erosion-
forest type-infiltration.

- The amount of raindrop impact effect on summer soil
-erosion.

- The improvement of the erosion pin method and its use
together with other guantitative methods.
- ngining threshold rainfall amounts for soil

Adefachment. |
- Tbe amount of soil erosion due‘to snowmgltiﬁg.

- The effects of frost heavigg and needle ice in soil

L]

erosion. ~ N

r

ot
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:Appendix 1
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