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ABSTIIACT

Continuous gullles located on steep slopes along ¡he lrlanltoba

Escarpment v/ere classf fled; the gully morphology \Àras analyzecl , and rares

of gully erosion were calculated. Four of the gullies are classified as

Stage 2 of gully development, and trvo gullles are classtfted as Stage 3.

Flve of the gullles are lÍnear, ancl one gul1y fs classifled as parallel.
The gully heads are classified as ínclined-poínted, although one gully

head could conceivably be classlfj.ed as inclined-rounded, The gullies

are in a youthful stage of development.

Morphometric analysis revealed the gullies to be wider than

they are deep, the norLh facíng gul1y side is steeper than the south

facing gully side, and t,he gully cross-sections are rectangular Ín shape.

Gully cross-sections are rectangular ín shape. Gul1y width and gull-y

depth are related to the percentage of silt-clay wiLhin the surface

material. The percentage of silr-clay is regarded as an indícat.or of the

surface materialfs susceptibtlity to gully erosion. Much of the avafl-

able energy for gu11y erosion was used to deepen rather than to widen

the gully channel.

Sunrner rainfall removed 23.8 times more material from the gul-

ll-es than snowmelt runoff. Infrequent lntense surtrner precipitat.ion l-s

ldentifled as the rnajor gu1ly erodíng agent. Soil freeze-thaw processes

and the gully dralnage basin snorn¡melt rr.rnoff had a tendency to add sedi-

ment to the gully channels durlng the 1974 spring snowmelt period.

Those areas along the portíon of the Manitoba Escarpment

studied whlch are mosE susceptlble to gully erosion are characterized as

havfng steep slopes, large dralnage baslns, and contalning surface

materlals having hlgh percenEages of s1lt-clay. It is recommended that



revegetatlon ¿rnd gu11-y segregation nrethocls

eventually stablllzc gully eroslon.

be lmpl-enrented t.o reduce and

f1
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INTRODUC]]ION

The clearfng an<J cultivatlon of agriculturaL l¿rncl on some of
the steep slopes along the Manltoba Escarpment has resulted Ín severe

r^¡aEer erosfon. This process of erosfon is partfcularly evidenL by the

extent of well-developed, numerous gully systeÍ.rs found along portÍons

of these steep slopes. rf l-eft unchecrced, the incidence of gurlylng
would certainly rncrease, resulting in floodÍ.ng of the better agri-
cultural land at the base of the Manitoba Escarpment and silting up of
ditches and natural drainagervays.

The alm of this thesÍs is to explain the morphology of these

erosional features, measure the rates of gul1y erosion, and to identify
those human and environmental factors contributíng to gully developmenE.

I'Iith a betEer 
'nderstanding of gully erosion within one partfcular

portion of the Manitoba Escarpment, lt is hoped thaÈ sol-l conservation

and water management methods could be effectively eurployed to improve

present land utfllzation r^rithin other siruilar areas along Ehe Manitoba

Es carpment.



CIIAPTEII I

The Field Area

1. Locatlon of Ftelcl Area

A total of 6 gullies were selected for this stucry. The

gullles are located 12 mi-les north\,rest of Neepawa r.¡lthin the Munlcl-

pality of Rosedale. Fíve of the gullles are located 5 miles west of

the Town of Eden, while the remaining gully is located 7 miles west of

Eden. The gullfes are accessible from Provinclal Híghway 5, via the use

of Provincial Road 265 (see Figure 1.1).

Names were assigned to each gu1ly as follows: Roadside Gully;

Eden Farm Gu1ly i; Eden Farm Gully 2; Rosedale Gully 1; and

Rosedale Gully 2 (arL are locared in sectíon 23, Township 16, tr^Iest of

Principal Meridian). The remaining gu11y, the polonia Gully, is located

1n sectibn 21, Township 16, Range 16, rrrest of princlpar Merldlan.

The elevation of the flerd area ranges frorn lg75 feet A.S.L.

to 2125 feet A.s.L. The elevation of each gully, defined by the contour

líne through whlch each gu1ly crosses, is as follows: Eden Farm Gully 1

and Eden Farm Gu1ly 2 are lB75 feer A.s.L.; rhe Roadside Gully is
1900 feet A.s.L.; Rosedale Gully I and Rosedale Gu1ly 2 are L975 feet

A.S.L.; and the Polonta Gully ts ZI25 feer A.S.L.

2. The Bedrock Geology of rhe Ffeld Area

The Manitoba Escarpment is conrprised of shales of the Rlding

Mountaln Formatlon. These cretaceous period shales are overlain by

both glaclal and postglaclal deposlts. The shales are often found

close to the surface along lntermittent streams, deeply incised valleysn

and roadcuts.

The Rldlng Mountaln lormaEion fs composed of two maln shale
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mcnlbers. The upPer me¡nber l-s t.he hirrd, grey, sl-llceous, Oclnn¿h Sh¿rles"

The lower menber ls the soft, greenlsh brown, benLonf.tlc, Mlllwood

Shales. The entfre fteld ar:ea ls unclerlaln by the Odanah Shale Mernber"

This shale occurs as thÍn, horizontal fisslle becls and Lencls to break

with a characterfstfc subconchoidal fracture.

3. Pleistocene Geology

During the lùisconsinan glacf-atl-on, there \ùere tr^ro regfonal

centers of ice accumulation for the íce sheets whlch covered Manitoba.

The Keewatin ice sheet \^Ias centered in the Northvrest Territories, v/est

of lludson Bay from whlch the ice flowed south, and the patrician fce

sheet was centered southt¿est of James Bay from which the ice spread Ëo-

wards the southv¡est. From these tr,ro centers the íce advanced across

Manitoba.

The Keewatfn ice sheet spread south along the v¡est coast of

Hudson Bay as far as churchill, swung southwest. towards The pas, and

then advanced southeast along the base of and on top of the Manl_toba

Escarpment (Davies, et al. L962, p.151)" The patrician ice sheet moved

in a southwestç¡ard dl-rectlon covering the area between the Nelson River

and the rnternational Boundary, and extended as far rn¡est as Lake

I'linnlpeg. Durlng the maxlmum advance, the Keewatin ice sheet extended

into rowa, and the Patrician ice sheet covered an area between the

Great Lakes, Lake winnipeg, and Hudson Bay. rt ts thought that the

Asslniboine subl-obe of the Keewat,in ice sheet retreated from the

Rlding Mountal-n area 13,000 years ago (MacKay, 1970, p. 7) or 14,000

years ago (K1assen, L972, p" 553).

The Manitoba Escarpment ls underlafn by varLous shales, sand-

st.ones, and evaporLtes, of the cretaceous and Jurasslc perlods" To the



north and east of tlre liscarpntent are lfmcsto¡rcs ancl rlolostone$ of the

Devonlan, sllurÍan, and Ordovlcfan perl-ocls, as well ¡rs precanbrian

granitlc roclcs. As the Kecwatin lce sheet moved ln lts southerly ¿irec-

tfon, all these bedrock formatl-ons contributecl materfals to the Þresent

surface deposits.

Itlhen the Asslniboine sublobe of the Keervatfn f ce sheeE down-

I¡rasted' an l-ce-stagnatlon landform lcnown as Èhe Newdale Tl 11 plain

covered the Manit.oba Escarpment. The Newdale Till Plafn is composed

predorninantly of ground. moraine deposlts, although there are areas of

end moraÍ-nes, glacial- outwash, and occasional eskers on the Escarpment.

. The field area is located on a vast end moraine deposiÈ

(Klassen, L972) and is described by Ehrlich, er al. (1958) as boulder

tfll. rt ís a medlum textured Èilr of shale, limestone, and granf t.f-c

rocks. The texture 1s predominantly unsorted fl_ne sand to elay loam

with moderate amounts of gravels and boulders. The topography of this
end moraine deposit l-s characterlzed by Iow knolls and depressions.

4. Cllmate

In accordance wlth the Köppen-Geiger system of cllmatic clas-

sifÍcatlon, the field area has a "Dfb typett of climate, defined as a

humid cont.inental, cool summer c1ímaÈe. Thís climate designates Ehe

field area as having suffj-clent heat and sufffcient precipitation for

the growEh of high-trunked trees; sufflcient preclpltation fn al-l months¡

the warmest month with mean temperatures under 7:..6of; and wlth at least
four months having mean teÍrperatures over 50oF (strahler, 1965, plate 2)"

Ehrllch, et a1. (1958) desfgnate the fleld area as subhumld

wlEh a deflnlte sunmer maxlmum of preclpitatlon. Approximately B0 per

cent of the yearly preclpitaLion falls as sumer rainfall, while the



renlainder l-s accountccl for by wfnter snowfall. The nre¿¡n annu¿l pre-

cfpitatlon bascd upon 26 years of observations from the Neepawa çeather

Statlon J-s 1-9.43 lnches, wlth a stanclard deviatlon of 3.85 inches" Be-

cause the Neepawa l^Ieather StaLlon fs the closest weather sta¡lon, only

12 mlles south of the fíe1d area, the Neepawa preclpltatíon data is used

as being representatlve of the precipltation falllng upon the fteld area.

The mean rnonthly temperature of 3¡.9of was taken frorn 69 years

of observatlons from the Minnedosa Weather Station (Ehrlich, et al. l95B

p. 25). The I'tlnnedosa Weather StatÍon is the second closest rveather

statlon, befng 15 miles southr^rest of the field area. The mean monthly

temperature of 33.9or 1s consídered to be representative of the true

mean monthly ternperatures of the field area.

The poÈential evapotranspiratíon for the fíeld area is ap-

proxlmateLy 2r.65 inches per year (l^lelr, 1960, p. 19). The average

mol-sture deflclt, defined as the difference between water need and pre-

clpitatlon for those months havlng a deficit for an average year, ranges

fron 2.95 lnches ro 3.94 lnches per year (tleir, 1960o p. 19)" The frost
free perÍod for the fierd area ranges frour 90-100 days per year, and Ehe

vegetation growing season is within the range of 170-lB0 days per year

(Ehrlich, et a1. 1958, p. 24).

5. Soil-s

The present day solls have developed upon the ground moraine

deposiEs of the Newdale Tt1l Plain. The fleld area Ís located on the

medium textured rills ln whlch the dominant soll is a grey wooded soil_.

Three soll assoclatlons: the Granville; the clarkswille; and the wapus

associatlons cover the field area.

The Polonia Gu1ly 1s siEuated in medl-um textured till and is



part of tlte Cr:anvtlle Sofl. Assoclatlon. 'Il're Cr¿rnvl lle ¿\ssoclatlon is a

very fine sandy loanl to clay loam so1l, clevelope<l on grouncl rnoraine

conslsting of mlxed l.imestone, shale, and granftfc roclc. These sofls

have a moderate degree of natural ferElllty. Bec¿ruse of tfie sloping

topography wlthln the Granville Associatlon, erosfon by water is a

serÍous problem.

The Eden Farm cul-lies I and 2, and the Roadside Gully, are

situated 1n sol1s of the Clarksville Assoclation. The Clarksvill-e

Association has developed upon a till v/ith a texture of fíne sandy loam

to 1oam, that is predonr-inantl-y of shale origin. The topography of the

crarksville Association 1s irregular gently sloping to hil1y, with an

overall slope to the east.

Rosedale Gullles I and 2 are situated in the l^Iapus AssociaÈion,

a so1l whlch has developed on thln shale drift deposits over shale bed-

rock. This soil is described as fine sandy loam and silt loam. The

I^lapus Assoclatlon soils have a low natural fertility, and are very sus-

ceptible to wind and water erosion, especially on the steeper slopes"

All the gullies in this study have devel-oped on sandy loam

soils. T'he 1958 sotls survey by Ehrltch, et al. (1958) recommends that

the clearing and cultivatlon of these soils should be discouraged. The

soil survey states that clearing and cultlvation of these soil-s results

ln severe water erosion on the steeper slopes, eventually resultlng in an

fncreased flood potentlal on the beÈter agrlcul-tural land at the base of

the Manitoba Escarpment.

A more detalled analysl-s of the surface deposfts assoclated

wlth each of the gullles is presented ln Table 1.1. Thls data v¡as couF

piLed by the auEhor after fleld collectlon and laboratory analysls of



TABLE 1. I

SOIL ANALYSIS

Per Cent Per Cent Per Cent Color Based on Munsell
Gravel Sand Sflt-Clay Color Chart

Gul1y

Polonia 6

Roadside 22 698

L2B2

Descrip Eion

2.sY6l4 carbonate rich till,
lÍght yellowish brovm non conpacÈ, friable

rqhen dry

10YR6/3
pale brorvn ch2 lê rlah la | | ñ^ñt rlv rr

conpact, friable when
,tf,urJ

10YR5 /4
yellowish brown

Rosedale

Gu1ly I and
Gully 2 42 57

Eden Farm

Gully I 38

Gu1ly 2 20

5B

72

r0YR7 /2
light grey

L0YR7 /2
light grey

shale and carbonate til1,
non compact, f'¡i¿61"
when dry

^L^1^ -i^L +-'11snaJ_e rl_cn E.ll-l_, non
corrpact, friable uhen Cry

she'le rieh tí'll. non
compacË, fríable '¿hen dry



the soiI sanpLes.

6. Vege t,aÈlon

The native vegetation found wlrrrin the flerd area is pre-

dominantly aspen, with unclergrowths of hazel, wi1d rose, saskatoon and

chokecherry. This natlve vegetation is restricted to cleep ravfnes,

sv/ampy 1and, and shelterbelts around the farmsteads.

Al-1 of the gullies have developed on farmland, which may be

described as improved pasture. Agrlcultural l-and which is too steep to
al-low cultívation has been retained 1n natural grasses and used as l-r¡.-

proved pasture. The two Rosedale Gullies are the only gullies presently

noÈ located upon irnproved pasture. Since 1946 and until 1967 the land

on which the Rosedale Gullles are located had been íurproved pasture. In
L967, the tr^Iater Resources Branch of the DeparEment of Mlnes and Natural
Resources purchased the northeast, northwest, and southr¿esE quarter
sections of section 23, Townshtp 16, Range r.6, west of príncipal

Meridian' The rapid movement of water across these quarter sectfons of
land had resulted in a ross of topsoir, low productivrty, and the de-

valuatlon of the farmland. The Manitoba Governmentrs alm in purchasing

thls land was to p1-ant trees and forage crops to retard future erosion,
and to demonstrate to local farmers some of the advantages to be gained

from proper land utilization.

Reforestatfon of the

completed 1n 1973. A total of

been planted to date. Ttre two

of Jack Plne planred in 1968.

quarter

1BB, g00

Rosedale

The Jack

sectfons was begun in 1967 and

trees of varlous species have

Gull1es are located in an area

Plne have a densl_ty of 1740 per



acre, planted l-n rows havlng a 5 foot by 5 foot spaclng. (l)
The two Roseclale Gurlles ¿ìppear o. the 1964 aerrar photo-

graphs and thus the gullles \,/ere present prÍor to the reforestatÍon
proJect.

7. Hfstory of Settlement

Pioneer agricultural set.tlement began ín this western portfon

of llanitoba ín the late nlneteenth century. Settlement proceeded north-
r¡ard from Portage La prairl-e via the North or Ellice Trail, wiEh the

besL agricul-tural land belng settled adjacent, to this trail. By 1g77

the towns of Neepawa and Eden had their beginning as Lhe Ellice TraÍl
extended farther northward.

when the rarrway reached Neepawa in 1883, only the marglnal

land along the eastern slopes of the Manitoba Escarpment remained un-

settled' ne\^/ homesteads were started at the base of the Escarpment.

All of Section 23, Township 16, Range L6, I.Iest was flrst
setEl-ed in 1893. Thus the Eden Farm Gullies, Èhe Rosedale Gullles, and

the Roadslde Gully' are situated on land first settled in 1893. The slte
of the Polonla Gully was serrled tn 1g8l. (Z)

1. Pers. Comm. Mr. G. Fraser.
Mlnes and Natural Resources,
Crov¡n Land Titles, Departnent
lllnnlpeg, Manitoba.

)

Water Resources Branch, Department of
Neepawa, Manltoba.

of l{lnes and Natural Resources,
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CIIAPTER TT

The Process of Gullylng

Definitlon and Classlfication of Gull_les1.

Gullying may be regarded as an advanced and destructlve form

of soil erosfon. Furthermore, Ín some vratersheds it fs an imporEant

source of sedlment Ín river catchments resulting in impaired r,rater

quallty. Peterson (l-950, p.407) deflnes gullies as "any eroslon channel

so deep that 1t cannot be crossed by a wheeled vehicl-e or elimfnated by

plowlngr'. Peterson further states that gullying has usually been con-
I

sidered as t'cu1tural1-y accer-erated erosion,f , that is, man l-nduced. ero-
sion features through some form of land. nr_Lsuse. Butzer (Lg74, p.61)

enphaslzes the headward advance characteristic of some gull-ies, and de-

fines gullylng as "Lhe rapfd and catastrophl-c erosion of all soil hori-
zons by deep channel-s that eat back fron permanent drainage lines.
Gull1es deepen, ¡+1den and cut headward after each rainstorm, malnly Ln

unconsolidated parent maEerLals. Headr¿ard erosion in sil-ts nay be alded

by subsurface plplng.rr Prehlstoric gullies have been identified by Tuan

(1966) resultfng ln a shlfr of attentLon to possibre past climatic
causes of gullies.

Ril-ls are often identified as gullies. A single rlrr_ nay be-

come a gullyr or¡ by a coarescence of ril-ls, 1-arger flows may come fnto
existence and result in gully erosJ-on. Lueder (L959) differentLates
these two eroslon features Ín terms of thelr vtsibility on aerlal photo-

graphs and are Írnportant eroslon features

I{hatever the cause, man rnduced or climatic, gullylng is an

advanced and destructive form of soll erosion. This author accepts the

deflnition of a gu1-Ly as an erosional channel Large enough Ln scale Eo



Cully eroslon

be vfslble on aerfal photographs, ancl deep erlough to constiture a hfn-
drance to l¿rnd cultLvatlon.

Gull1es have been classtffecl as belng contlnuous or d1scon-

tinuous (Heede , L974, and Leopold, et al. 1964). contlnuous gullies
begin their downstream course as many small rll-ls. The contLnuous

gully starts well up on the trillside and the channel continues down to

the main valley. The discontfnuous gully starts wíth an abrupt headcuË,

with the headcut located at any positíon on the hiJ_lslope. The gurly

depth raptdly decreases downslope developing a bottom gradient much

gentler than thaE of the orÍginal valley floor. The díscontinuous gully
is characEerized by pronounced changes in the channel slope, or knick-
points. Mosley (L972) has described in detaiL rhe evolutlon of the dis-
continuous gul1y from an ínitíal break in the vegetation cover.

Heede (L974) and Leopold, er al. (1964) bel-ieve rhe discon-

tinuous gully represents a youthful sEage of gul1y developrnent. Changes

1n headward extenslon, .gurly width, and thalweg slope, result r_n the

fusion of the díscontlnuous gully Ínto a continuous gul1y, desl_gnated as

the early mature stage. The disappearance of the knickpolnts indicates

that the gully has obtained fts equllibrium s1ope, although this stage

may include other aspects of stabilíty such as channel vegetaEion.

Lueder (1959) atternpted Eo predict those probable character-

lstics that are assocl-ated r¿ith yourg gullies based upon the soll_

characteristics of the surface materlal. It ls the authorrs opinlon that
the Lueder classiflcation ls J-nadequate because it is too general and too

varlable. A more detall-ed classiflcatl-on ls presented by Ireland, et al.
(1939) who descrlbed 4 stages of gu1ly development in south carolina.
As specified by these authors, the 4 st,ages of gu11y developmenË are as¡

penetraLes the wealc
ór vw Lr¡.

C horlzon. This

1.2



follows:

Stage 1:

Stage 2:

'fhe flrst sLage involves a ch¿¡nnel. cut through tlle
upper port-ion of the l] horfzon.

Stage 2 fs the most vlolent stage of gully growth.
Cully erosfon penetrates the weak C horlzln. This
stage 1s characterized by upslope mlgratl_on of the
overhangfng gully head, rapicl deepenfng of the gully
channel, and actfve caving of Èhe gully head.

Thls ls a perlod of gully readjustment.
hleatherl-ng, slope wash, and mass movement,
tends to remodel the gul1y side slope into
more gentle slopes with talus accumulations
at the base.

Stage 3:

Stage 4:

rreland, et a1. (1939) point out that in large or old gurrfes

all 4 of the above stages may simultaneousLy be present in different
parts of the gully.

rreland, et al. (1939) also crassífled the for¡r of the gurly,
suggesting that the terms used are morphol_ogically descriptive of the

system. The follor¿ing is their classlfication of gull_y form as sur
marized by Bertrand, and l,Ioodburn (1964, p. I74):

The last stage in gu1ly developrnent fs characterized
by the establishment of vegetation, with Èhe attain_
ment of gu11y stabÍlizaÈlon.

l3

A

l)

Linear:

Bulbous:

Dendritic:

Trel-lfs:

Parallel:

Compor:nd:

long and narror.

broad and spatual_te at the upper end,
but may be linear in the clornmstream portion.

formed of many branching tributaries.

tributary gullies or branches enter the nain
channels at angles approachJ_ng 90 degrees.

cornposed of two or more paralle1 t.rlbutariesthat empty lnto a maln stem.

combl-natfons of any two or more gully forms.

Accordlng to the vertical proffre and the rim outrlne, rrerand,



et al. (1939, p.57) al.so classlftcd Èhe fornr of the gul.ly hea<ls. rhis
classiflcatlon 1s presented tn Flgure 2. l.

The Ireland, et a1. (1939) gully classiflcatÍon system fs the

most detalled, morphologfcally descrlptive, ancl mosL often used classf-
flcaEfon. The gull1es fn this thesfs shall be classifled in accordance

wlth their classlflcatlon, and the stage of gully clevelopmen¡ will also

be fdentlfied.

2. Environmental and Human Factors

Both envlronmental and human factors are responslble for the

initiatlon and development of gullies. The causes of gullying are varl__

ab1e, and there is no one cause whtch is applicable to all gullies.
This section shal1 be brief and menËfon only those roajor causes of
gullyfng.

Daniels and Jordan (1966) examinsd gullles in lowa and found

that approximately 50 per cent of the gullies are located along fleld
boundaries, farm lanes, fence roers, and cattle trails; and 50 per cent

are ln channels of valley-slope dralnageways. From their exarple, tE is
clear that both man and natural conditions are comparably responsible

for the development of gullies in lor¿a.

whenever the naEural protection of the land is destroyed, Ehe

soil fs made more vulnerabl-e to erosl-on. I^Ihether the vegetaEive cover

1s destroyed by man or by natural condrtJ-ons, the underlylng sofr- r_s

subject to those envlronmental conditlons responsible for soll eroslon"

Mosley (L972) lllustrates how lnclpient erosfon begins from the tnlttal
break fn vegeÈation. Once a smal1 depresslon from an inltlal break in
the vegetation has formed, both wlnd and v/ater act to extend the de-

pression. In the early stages of gully developmenE, overland flor,¡ lifÈs

-Lq
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and carries out sedlment from the clepression during perio¿s of fntense

runoff . As the clcpressfon clevelops, maÈerÍal is renove¿ by overl.and

flow from around the edges of the depression, ancl steep headwalls are

formed. The material removed from this lncipf-ent basl-n ls redeposited

ln the center of the basin where the overl-and fl-or,¡ has been ponded and

loses velocity. This fine redeposited materÍal l-s no\,r susceptlble to
deflation once the surface has dried, and is removed by frequent strong
wlnds' Runoff from occasional heavy rainstorms causes headward mlgra-

tion by erosion and slumping of the vertical headwalls, and deflation
continues to deepen the basln. As the baslns extend headward, they

coaresce and form discontinuotrs gullies. F1owing water then becomes

the predomlnant erosive agent as vrater f1ows throughout the gulry

sys tem.

rreland, et al. (1939) sta.e several clinatlc causes of gull_y-

ing' The range of teurperature, the intenslty and seasonal distrlbutlon
of precipitation, the variations in hurnidity and wind, all control: the

operation and effectlveness of rock disíntegration; the rate of surface
runoff; the regJ-me of streams; frosE and ice action; and the rate and.

extent of mass movement of the so1ls. These climatlc induced factors fn
associatÍon with steep slopes and different soil types are conducfve Ëo

gullylng.

Mants actlvltres are the most easily recognized causes of
gullylng. The clearlng of land for cultlvation removes the protect,fve

canopy of vegetatfon. AssocLated with land clearlng is the ralslng of
llvestock, frequently conrpounded by overgrazrng, rnaklng the land more

vulnerable to eroslon by recluclng the quantlty and quality of the vege-

tatlve cover. The result is a sparse plant cover poorly adapted to

l(r



absorbing ralnfall ¿rnd slowlng the rrurof f .

Man-made chcrnges ln the natural clrarlnage of lands pro¿uce un-

wlse concentratÍons of flowfng water. Livestock traÍls, farm traclcs

and roads, plow furrows, or pooïly slted ancl deslgned

Eo concentrate channel flow as rvell_ as

faces. The cultj-vation of steep slopes

rate of runoff and l-ncrease soi. l_ eroslon.

Generally, improper land use practices together with over-

grazing have been responsible for the ínitiation of gullies. Mosley

(L972, p.658) notes that a change ín rainfall intensitíes and overgraz-

ing are accepted as bel-ng responsible for gully eroslon ín the west and

southwest of the uníted States. Manrs actívities are usually respon-

sible for gul1y initlatlon, while elimatíc or other environmental

factors are responslble for the growth of gullies.

3. Gul1y Morphology

Heede (1970, p.79) expressed the irnportance of gull-y morpho-

logy, "Understanding the raorphology of gullíes is the first step i.n eva-

1-uating gully processes. such an evaluatlon, in turn, makes projectl.ons

of future gully behavior posslble since gully urorphology can be lnter-
preted as the product of gu11y processes." Thus gully morphology may

ald land managers Ín evaluaÈing past, present, and possible future
gully devel-opments. unfortunately, past studies of gullies have been

prlmarlly concerned wíth erosion rates of gullles rather than Èhe lnves-
tigation of gul_ly morphology.

rn a study of colorado gullies in 1970, Heede used regression

analysl-s on gully morphometric propertles. rn thls study Heede found

thaË Ehe disconrinuous and contlnuous gullles are really not two dLffer-

fncrease runoff

has a tendency

dralns, a1_1 tend

from bare sur-

to l-ncrease the
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ent gully types, but ratlter they are only stages tn gully clevclopment.

llls evfdence based upon gu1ly morphology was not, however, enttrery
con clus 1ve.

lleede (1970) used the gul.1y shape factor to express the stage

of gu1ly development. The shape factor relates the maximum to the mean

gu1ly depth, and thfs ratio expresses Èhe channel sl-rape. Heede (1970,

p. 86) defínes the gully shape factor as the maximum gully depth

divíded by the mean gurly depth, where the mean gully depth is the

gully cross-sectional area dívided by the bankful gul1y channel width.
rf the shape 1s consÍdered as a geometïic figure, a trlangular channel

has a shape factor of 2, a paraboric channel has a shape factor of 1.5,
and a rectangular channel has a shape factor of 1.0. of all the geome_

trÍc figures, the seml-cÍrcular shape r¿ould constl-tute the channel r,¡ith

the most efflcient cross-section becau.se fot a given cross-sec¡ton iÈ
has Èhe smallest wetted perimeter. Hence such a gull_y would discharge

more \"¡ater than any other gutly shape. The sern-icircular shape does not
occur ln nature. The parabolÍc shape is the shape most reseurblíng the

semicircular shape as lt. 1s found in nature. Heede studíed a total of
15 gullies and the l-owest shape factor was 1.7 for only one gulry. For

hls study, it meant that nearly all- the gullies had relatively inefficl-
ent cross-sectLons, and that this may have been an expressfon of the
youthful stage of the channel_.

T\¿o studles in partlcular, have related \^ratershed variables to
the rate of gul1y eroslon. Beer and Johnson (1965) found a logarithmlc
relatÍonshlp between gu1ly processes and morphometric properties. They

found Èhat the change in gul-ly surface area (eroslon) was due to the de_

vlatlon of preclpitatlon from the normal, an index of surface runoff,

1B



the area of the watershed, trre gully lengtrr, ancl trre leng[h from ttre
gully Èo the watershed divlcle. si.mf larly, T'hompson (1964) founcl the

raEe of gully head advancement was clepenclent upon drafnage area, precf-
pltation, and the so11 clay content. rreland, et al. (1939) found that
the drainage area alone does not control the rate of gully erosion. rn

thel-r vLew the slope of the drainage basin ls a vital factor whlch con-

Erols the rate of erosion.

tlegÍnbottom (1967) used a toral of 16 variables of gutry mor-

phometry and wlth the use of correlational analysis attempted to dif-
ferentiate ttupland and Lowland" gullies found on different soil_ types

north of Montreal. Based on gully morphology, he found no real evidence

that. more than one population of gullies was invol_ved.

Few studles have dealt with gul-ly morphorogy. By understandÍng

gully morphol0gy, lnsfght Ínto gully processes may be gained. The stage

of gul1y evolution may be relaLed. to the gully shape facÈor. Beer and.

Johnson (1965) and Thorpson (1964) agree that the gully erosion rate is
a functlon of precipitation and drainage basin area, while rreland, et
al' (1939) believe the slope of the drainage basin to be more iurportant

than the drainage basin area. Thornpson (1964) shov¡ed gully eroslon to
be dependent uPon the soÍl factor, but Heginbottom (Lg67) could no¡ dif-
ferentiate gu1Ly EyPes on different soi1s. It fs apparent Ehat consider-

ably more research is required on gully morphology as it relates to those

factors responsible for gully erosion.

t9

4. Summary

Gullyfng 1s defined as an advanced and destructive form of soil
eroslon. The form of thls erosion ts a gul-ly or ephemeral channel.



Gullles are caused by cllrnatic conclltlons conducive to sofl erosfon and

usually in connecclon wtÈh land ml-suse. Cullfes 
.have been classtfied

as e1Ëher contlnuous or cliscontlnuous gullles, while the more aclvanced

form of gu1ly erosion is characterized by contfnuous gullies, The

stage of gully development nay arso be expressed by the gutly shape

factor.

studfes of gul1y rnorphology are few. Those studies relating
gu1ly morphology to gully processes were found to be contradictory in
nature. More research combining gully morphology with gully processes

is required for a better understanding of the probrem of gul_lying.
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CIIÀPTIiIì III

The Cull1es .A.long Tl-re Manl.toba Ilscarpment

1. Fteld Methods

A total- of 6 gullies were ser-ected for thts stu<ry. The

gullles selected were chosen on the basls of their size, the vegetatlon

and soil tyPes around the gully, and Èheir accessl-bility. The RoaclsLde

Gu11y was selected because the gu1ly J-s long and well-developed, as well
as being located on lmproved pasture. Located at the base of the

Roadside Gully is an alluvial fan, and ft was hoped that the amount of
sediment deposited on the alluvial fan could be measured.. The Eden Farm

Gully I ls a moderate length gully located on improved pasture. This

gully has developed as a result of a cattle path íntercepting downslope

runoff. The Eden Farm Gu1ly 2 is also a moderate length gu1-1y located on

iurproved pasture, and it is a trfbutary gu1ly to a larger gully lvhich has

devel-oped as a result of a farm access road channeJ-izing runoff" The two

Rosedale Gul-lles were selected because they are both located. on a reve-

geEated slope, with the vegetaEion possibly hawing an effect upon Èhe

rate of gully erosl-on. The Polonta Gully is a moderate length gully wlth
the gu1ly drainage basin located on a cultl-vated grain crop fleld, and

the gully channel is located on a fíe1d of lrnproved pasture. The polonia

Gu11y is the only gully located on a westward facing slope. (rrre remaÍn-

ing 5 gull1es are located on eastward facing slopes.) The Roadside Gully

and the Eden Farm Gull1es are located on the Clarksville Soil- Assoclation,

the Rosedale Gullles are located on the ïIapus Soil Association, and the

Polonl-a Gully 1s located on the Granvirle soil Ässociation.

The method used Eo measure the gul-ly cross-sections restrlcEed
the choice of gully sfzes to rhose gullies which had a gully depth less



than 5 feet, wlth no rest-rl ctlous plitcecl trpon the g,rrlly rviclEh. ï¡e gullfes

selectecl fn May 1973, hacl mean gu1ly clepths rangfng from 1.3 - 3.3 feet.
The restrÍctlons placed upon the gully sfze are Justifiecl in the event thaE

during the perlod of this study, if gully eroslon was severe, then the

gully depths would lncrease to a clegree where the gully cross-sectional

measurements could not be taken.

Ffeld work conmenced in May 1973. Wooden stakes were drÍven

lnto the ground on both sl-des of the gully. The placement of these stakes

represenÈed the location of the gu1ly cross-sections. The gu11y cross-

section sÈakes were placed at approximately equal intervals along the

entire lengÈh of the gully, with the number of cross-sectl-ons dependent

upon the length of the gully. The approximate placement interval of each

gul1y channel cross-sectlon fs as follows: Polonla and Roadside - 15 feet;
Rosedale Gully I and Rosedale Gurry 2 - 10 feet; Eden Farm Gulry I

- 11 feet; and Eden Farm Gul1y 2 - 30 feet" The following is the nunber

of cross-sectlons for each gully: polonia - 7; Roadsj-de - 14;

Rosedale Gully I - 6; Rosedale Gully 2 - 5; Eden Farm Gully I -5; and

Eden Farm GulJ_y 2 - 3.

To obtaln the cross-sectional measurements, the followfng

meEhod was used. A survey measuring tape \,ras extended and attached be-

t$/een the two cross-sectlon sËakes. The distance between the cross-

sectlon stakes was recorded. At glven recorded lengths along the survey

taPe' a plumb line attached to a measurlng tape was dropped from the survey

t.ape and the distance from the survey tape to the gully was recorded.

Thls procedure was repeated every 4-6 inches along Lhe survey tape. De-

pendlng upon Ëhe width of the gul1y, from L2 to 25 measurements were taken

at each gu1ly cross-sectlon. The use of the plumb l1ne allowed cross-
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sectlon measurcments to be made wlth an accur¿rcy of 1/16 of an [nch.

An ll-lustratfon of thls metl-rocl ls rrr:esented 1n PlaÈes 3. I and 3,2,

The cross-sectlonal <lata was plotÈed on grapÌrs at a scale of

one lnch to one foot. One graph hras used to represent each cross-

sectlon. Thls procedure was begun ln Ìlay L973, and repeated ln Oct-ober

L973, l{ay 1974, and October 1974. Each time the cross-section measure-

ments were taken, the exact sane position along the gully cross-sectlon

was measured. Each gully cross-sectlon over time r¡ras plotted on the same

graph and any change in gully form was evldent from the graphs. A total

of 40 graphs each containing 4 cross-sectíons measured over tíme was thus

ob tained.

Slnce the gul1y cross-sections were drawn to a scale of one

inch equals one foot, all necessary gully cross-sectional measurements were

made dl-rectly from the graphs. Gully wídth and gul1y depth were read dir-

ectly from the graphs. The gully side slope angles \¡rere measured directly

from the graphs using a protracÈor. In order to cal-culate area changes fn

the gul1-y cross-sections, a Hewlett-Packard 91004 Calculator with Dlgitlzer

board was used. Thfs calculator measured areas to an accuracy of 0.02

square lnches. The changes in gul1y cross-sectLonal- areas was noted, and

from thls data 1t was possJ-bl-e to cal-culate eroslon or deposltion rates of

the gu1-lies as refleeted 1n. the changes in the gully cross-secEions.

Any change in the gully cross-sections between May and October

was due to the effect of summer rainfall. Changes due to spring sncn^rmelt

were evident fn the October-May measurement períod. Thus, the study

covered two summer rainfall perlods and one spríng snowmelt perlod"

Each gul1y and lEs assocfated dralnage basfn was mapped by

plane table. The HewleEt-Packard calculator was used to calculate the
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I
Plate 3. 1

Plate 3.2

Gully cross-sectional measurements
taken using surveyor ' s tape and plumb
line



dralnage basln ¿rre8r as well as the Iìoadslde ctrlly alluvfa1 f¿rn. The

gullfes, drainage basÍns, ancl the Ro¿rclside alluvlar f¿rn are pres€ìnted in
Flgures I to 6, Appendlx I. Because the depth of the Roadsl-de cully al-
luvial fan was measured, 1t was possíble to calculate the volume of sedi-
ment deposlÈed at the base of the Roacislde Gully from May 1973 to october
1973' The maps of Ehe draÍ.nage basins allor,,ed for the calculatÍon of the
elongatfon ratios for each basln. The entire gutly thalweg was also sur-
veyed for each gully, and the thalweg profiles are presented l-n Figures 1

to 6, Appendlx rr. The slope angl-es of the hillslopes on which the

gullles are sÍLuated was also surveyed.

To caJ-culate the volume of eroded material for a gÍven amoun¡

of precipÍtation, onMay 24, Lgr3, sediment traps were praced in the

Roadside Gu1ly and the Eden Farm Gul1y 2. The sediment traps were exanr-Lned.

one week later and the precípitation and volume of sediment fn the traps
Ì¡¡as noted' upon return to the field area in september Lg73, the sediment

traps had been damaged beyond use and no further sÈ.udies involving sedi-
ment traps \,/ere pursued.,

Another method was attempted to measure rates of erosion and

deposltion. Metal pins 18 lnches long were drfven into the sides and bot-
tom of the gullÍes, and theír lengths measured usfng a ruler. Erosion or
deposÍtion would show as changes in the exposure of the pins. rt was

found that some of the píns located in the gully thalwegs had washed. away,

while many of the plns Located in the gully sldes had been dlsturbed by

cattle' Because of this loss of pins and dfstrrrbance, thfs rneEhod was

also dlscontlnued"

?,7

T111 sanples were taken from Ehe slte
sanrples were sfeved and the percentages of gravel,

of each gully. The rfll

sand, and silt-clay



\dere recorclecl . A verb¿rl descrlp tlon of each t.ll.I sanrple was ¿rlso m¿rde.

The clata generated fro* Lhis anal-ysrs is presentecl fn
Tables I to 20, Appendix III.

2. Envlronmental and Human Factors cor-rtrlbuting Èo Gul ly Eroslon

Aerlal photographic coverage of the entlre fleld area lncludes

the years L946, 1958, 1964, and L972. Thfs aerlal photographic coverage

makes it possible to examíne past land uses as well as to examine rates

of gul1y growEh. From the aerial photographic coverage and Èhe vísits t,o

the field area' 1t 1s posslble to ldentify those environment.al and human

factors responsÍ-ble for the initiatÍon and development of the gullles
s tudied.

The 1946 aerial photographs show that the Polonia Gully was

present in 1946" From 1946 until the present, the drainage basin of the

Polonia Gu1ly has been under graín cultivation. The natural vegeta¡ion

has been removed and replaced wÍth grain crops. The cultívated drainage

basin has a slope of 16.40 per cent. Ireland et a1. (1939) recomrnended

that in south carolina the steepest slope suitable for cultivation for
most soils \'/as L2 per cent. A contríbuting cause of the Polonia Gully nay

be Ehe cultlvation of thls steep slope.

The Roadside Gul1y was also present on the L946 aerLal photo-

graphs. The aerial photographs show that from 1946 until l95g the Road-

slde Gu11y drainage basin was planted fn grain crops. From 1958 until the

present, the dralnage basin has been used as Ímproved pasture. Although

the h11lslope is much gentler than Ehar of ali_ the orher gullles (6.7 per

cenE), the replacement of natural vegetation with graln crops may have

been a contributlng facEor ln the development of the Roadstde Gully.

The Rosedale Gul1y I and Rosedale Gul1-y 2 are present on the
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1958 aerlal photograplts, but tlrey arc not present o. t¡e 1946 aerlal
photographs. From l95B untfl 1967 the Rose<lale curl.y sltes were situ-
ated on lmproved pasture. Because of the steep slopes, shallow topsoír,
ancl overgrazlng by cattle, thfs land had reached exceedfngly low produc-

tlvlty' rn 1967 the M¿rnftoba Provincfal GovernmenË purchased this land
and revegetated ft wlth grasses ancl trees, with hopes of returntng the

badly eroded terrain to its natural condltion. Because of the land r¡r-isuse

prior to 1967, the Rosedale Gullíes developed upon what vras once improved

PasEure.

The Eden Farm Gullies show most clearly the effects of mants

activiÈies upon the initiation of gullies. The 1946 aerial photographs

show the Eden Farm Gul1y 1 as a small shallow gully located on irnproved

pasture. The Eden Farrn Gul1y 2 f.írsE appears on the l95B aeriar phot,o-

graphs, whl-le the Eden Farm Gul1y l ts already r,¡e11-deveLoped by 195g. rn
1946 the site of the gullfes contained a fiel-d access road and catt,re
paths. By 1958 the ffeld access road had turned into a large deep gurly,
and the Eden Farm Gul1y,2 1s a trlbutary gully Eo r,rhat ráras once a field
access road' In 1946 a cattle path had developed along a fence row and by

1958 this catrle parh had rurned into a deeply incised gully. The field
access road channelized flow down the ruts of the road wi-th the end result
being a gully. The cattle path alongside the fence row Íntercepted
naLural downslope ruiroff, channellzed the flow dov¡n the cattle pathr rê-
sulting 1n the development of a gully.

Illustrations of all the gull1es in this study are found in
PlaÈes 3' 3 to 3' 7" Exarnples of gullles developlng arongslde a fence rc,r¡¡

and a fleld access row are presen.ed 1n plates 3.g to 3.11.
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Plate 3.5

Polonia Gully looking west

Plate 3.6

Rosedale Gully 1 looking west. The Rosedale
Gully 2 is alongside but not visible. Note
vegetation growing within the gully channel.



N rt
.

(D V



33

Plate 3. 8

This gully, located at the Eden Farm Gully 2

site, has developed since 1946. What is now

the gully was once a field access road leading

from the farmhouse. Continued use of this

road has resulted in severe erosion ,
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Plate 3.9

A closer view of the gully in Plate 3.8

The marker stake is approximately 2 feet long.
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Plate 3.10

A cattle path developing parallel to a

boundary fence at the Eden Farm Gully 2 site.

The cattle path intercepts downslope runoff.

In time the cattle path may develop into a gully,
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Plate 3.11

A fully developed gully running parallel to

an abandoned boundary fence at the Eden Farm

Gully 2 site. Parallel to this abandoned fence

was once a cattle path similar to the cattle

path in Plate 3.10.



3. Gully Classlflcation

AccordÍng to rrre rrerand, et al. (1939) gul-ry classffrcaEfon
system' 4 of the gullles fn Ehis study are Ln the second stage of gully
development. The Polonla, Roadsl-de, and tl're two Eden Farm Gullies are

l-n a stage of active gully erosfon. These gulltes have cut their chan-

nel-s through the topsoil and B horizon (stage l), but they have nor yeL

reached stage 3 which is characterized by gully readjustment having

gentle side slopes and talus accumulatl-ons at the base" The 4 gullies are

actfvely eroding, and are characterized by the penetratÍon of the gully
channeLs through the c horizon, deepenlng of the gu11y channel, and up-

slope nigration of the gully heads (particularly evident by Roadside Gully
bifurcated gu11y head). The gul-ry sides are very steep wlth no accumu-

lated talus at the base of the gully sides. The remalning Èwo Rosedale

Gullies are classtfied as sËage 3 gul-l1es. Although these two gurries are
charactert-zed by modest plant colonizatlon along the gull-y sides and gully
channel (note Plate 3.9), the establish¡nent of the vegetatÍon 1ras the re-
sult of a vegetation project by the Manitoba Provincial Government, and

not by the attainment of natural vegetation through gully stabilization.
The Rosedale Gullíes are characterized as having gentle side slopes with
some talus accumulatlon a1-ong the base of the gully sldes, and are there-
fore classlfied as stage 3 gullies.

The form of 5 of the gurltes are of the lr-near type, as evident
from Ffgures 1-5, Appendix I. The form of the Roactside Gu11y is classlfied
as parallel due to the bifurcated gully head. The gully heads are classl-
fled as 1ncl1ned - pointed, although the Eden Farm Gully I could concefv-
ably be classlfled as incrlned - rounãed. The thalweg profiles (Ffgures

1-6, Appendfx rr) fllustrate that all the gullfes are of the contfnuouÉ¡
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gully type as described by t{eede (1974) ancl Leopold, et al. (1964),

4. Summary

The fteld work for thls study was begun 1n May 1973 and corn-

pJ-eted in October L974. Durlng thfs tlme perlod, gully cross-sectlonal

measurements rltere taken after t\.to surüner rainfall periods ancl one sprlng

snowmelt perlod. This allowed for a comparlson of eros1on rates result-
ing from rainfall and snowmelt.

The advantage of the method used fn gul-ly cross-secËion

measurements r'ias that repeated measurements could be taken at the exacË

same locations along the gully proflle. hhen the cross-section profiles
were placed on graphs, erosion rates and norphometric properties could

easily be read direcÈLy from the graphs.

The 6 gulll-es studied along the Manitoba Escarpment are all
man-induced erosional features. Overgrazing of pasture by ca¡tle, the re-
pJ-acement of native vegeEation with cultivat.ed grain crops on steep slopes,

caËt1e paths intercepting dor.mslope runoff , and the inproper placenen¡ of
farm access roads, have al-l contributed to the problem of gul_lying.

of the 6 gullies in this study, 4 are classified as stage 2

gu1-l1es, and 2 are classifl-ed as stage 3 gul-lles. The form of the gullfes
are of the llnear type, except the Roadside Gully v¡hich is classified as

paral-lel. The Eden Farn Gully I head is classified as lnclined-rounded,

and the remaining gully heads are classifled as incllned-pointed.
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1. Int,roduction

The purpose of this chapter is to lclentify which gull-y morpho-

metric variables are exerting the most influence upon gully development.

By analyzlng the gully morphometrLc variables, it is hoped that a better
understanding of gully evolution and geomorphÍc processes act,ing upon

Ëhe gull1es may be galned.

2. Procedure

rn this study 6 gullies v¡ere selected for analysis. The

gullies were selected as belng represent.at.ive of a larger population of
gull1es found along this porÈion of the Manitoba Escarpment. The snall
sauple size of 6 gullles necessl-tated the use of the 0.10 level of slgni-
ficance, or better, as belng lndicatfve of a statÍstically slgnificant re-

lationship. In thls analysis there 1s a 10 per cent probability that a

relationship between gul]-y varLables may be due Eo chance alone.

A total of 19 morphometrÍc propertíes were derived from each of
the gullies. The morphometric properties chosen are those rvhich are Ehe

most characterLstic of the gully form, The definltíon of each morphome-

tric property is found in Table l, Appendix rrr, and the morphometrlc

data for each of the gullfes fs found in Tables 2-rg, Appendix rrr.
From the 19 morphometric properties, 4 r¿ere selected as depend-

enc variables. The 4 dependent variables selected v¡ere: gully wld¡h,

gully depth, nean gul1y side-slope angle, and gully fall. The dependent,

variables selecÈed are those varíables dfrectly responsfve t,o eroslonal

CIIAPTER IV
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processes occurrlng Ì^/ftlìln the ¡',u111es. It ls hope<l ttrat the <lcpendent

varJ-ables would tllustrate cause and effecE relationshlps operatÍ.ng r^rtthtn

the gullies.

For the purpose of numericar anarysis, each of the dependent

varlables was paired agalnst each of Èhe remaining 18 Índependent varf-

ables, and the daËa was analyzed for possible cause and effect relation-

shíps. The procedure of pairing each dependent variabLe against each Ín-
dependent variable was carried out trvice. The first procedure lnvolved.

pairing the original data for the dependent and Èhe independent varlables o

and Èhe second procedure involved. pairing the common logarithms of the

dependent varlabl-e against the conmon logarithms of the índependent vari-
able. IÈ is conmon geomorphological practice to transform data to logari-
thmlc values, as the logarithmlc data is more apt Èo plot as a straight
line on logariÈhmic paper (Strahler, 1954).

The method of analysis used ln this st.udy was devised by Strahler
(1954). The regression line between each dependent and each independent

varlable was calculated using a Olivettí Underwood Programna 101" For

each set of palred varl-ab1es, the program cal-culated the y (dependent vari-
able) on X (independent varlable) regression equation, as well as the cor-

relation coeffl-cient between paired variables. This part of the analysfs

was performed on the origiaal data as v¡ell as the logarithrn transformed.

data. From these calculations the sfgnificance leve1 beEween the depend-

ent variables was cornputed.

The formulae on rvhlch these calculations are based, and a dls-
cussl-on of thls analysis is presented as Appendix IV. The "t" values used

and thelr correspondlng signiflcance levels are presented as Table I,
i\ppendix V. The regressfon "t" values, significance levels, correlation
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coeffl-clents' and the cons[ants whlch cletermine the specl-fIc linear and

po\'/er equations for paf-red varfabl.es, are presentecl as Tables z-r7 , Appen-

dlx V' Plots and power function equat-fons between significant palred

variables are presenEed as F1-gures 1-11, Appendix VI.

3. Discussl-on of Gully Morphology

Regression analysis v/as used between pair-r,¡ise relationshlps
among gul1y morphomeEric varfables, and the significance of the relation-
ship was cornputed. This type of analysis presents problems when the

naEure of the process-response relatíonship between variables is not pre-

cisely knoqm.

Doornkamp and King (L97r, p.7r) discuss some of the problens in-
volved using regression analysis between morphometric variables. It fs
often difficutt to identify which is the "response" and which is the ,,pro-

cess" variable. This results from the fact that most geomorphological re-
lationships are part of a complex sysEem of interrelationships. Because

2 variables are related, this does not mean that they illustrate a cause

and effect relatlonshlp" It rnay be that both variables are respondfng in
a sirnilar manner to another process variable, which may or may noË be

known.

rn this study regression analysis is used as a searching proce-

dure by which possible geomorphological relationshlps may be identifled.
The terms dependent and independent variables will only be used with re-
ference to the regression equation, as regression anarysfs requires one

variable Lo be deflned as the índependent variable, and the other varÍable
to be defined as the dependent varlable. rE is the responsibility of the

geomorphologlst to consider and examine the fmplications of each regression
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analysls. IJecause of tl-re probJ-ems lnvolvecl rvl.th t-he usc of rcgressfon

analysls, the varlables gtrlly lvlclth, gully clcpth, meün gully slcle-slope

angle, and gully fal1, shall be discr.rssed 1n terms of their implicaÈ,ions

wlth each palred variable, rather than thelr dependence upon each paired

varlab le

Gully l^lidth Relationshlps

Increased gully width is a response to erosional processes act-
l-ng upon a gully over a time períod. The same erosional processes and

tíme períod are also responsible for other morphometric properties of the

gullíes. Consequently' some of the significant relationshlps beÈween

gu11y width and other gully morphometric properties may be explained in
thls way. In response to erosional processes acting upon the gullies over

tíme, the gu1ly fall, gully length, and volume of eroded materlal per foot
of gully length' are shovm to increase proportíonately to the íncrease in
gully r¿idth. The varl-able volume of eroded material per foot of gul_ly

length, ls an expresslon of the amount of eroded material proportionat.e to

the sÍze of the gullyl

Gully width is inversery proportfonal- to the percentage of gra-

vel and directly proportional to the pereentage of sand and the percentage

of silt-clay found within the surface materl_al. since gulLy \,rldth is a

response to erosional processes acting upon Ëhe gullies over time, the

susceptiblLlty of the surface material to eroslon can be expressed by the

gully width. The finer gralned the surface maEerial is, the more suscep-

tlble that deposlt is Eo erosion. l^rider gullies would consequenEly Eend

to develop on surface materlals containlng low percentages of gravel, and

hlgh percentages of fines.
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Gully wldttr is also relatecl to thc gully clrainagc basfn oro*.1
The larger the gully dralnage basln area, the nrore area fs contríbutlng
available runoff towards che gully channel, wÍÈh the result belng an in-
crease ín eroslon rates reflected by the increased wÍdths of the gullies.

It Ís concluded that Ëhose significant relatlonshlps found be-

tT^reen gully wldth and: gully fall; gully length; and volume of eroded.

rnaterial per foot of gu11y length, are all responses to erosional pro-

cesses actlng upon the gullies over time. hlider gullies would be ex_

pected to develop upon fine grained. surface materials with large contribu-
ting gully drainage basin areas. This is evident from the relationship
betrveen gully ruidth and the percentage of fines, and the relationship be-

tereen gul1y wídth and the drainage basin area"

Gul1y Depth Relationships

Like gully width, gully depth is a response to erosional pro-

cesses acti-ng upon the gullies over time. The relaLionshlp between gully
depÈh to the volume of eroded material per foot of gully length is thus a

response to erosional processes, and this relationship was expecEed..

Gully depth is related to the mean gully side-slope angle. This

relationshlp tmplies that as the gully channel d.ovmcuts, thls process wf.ll
determine the mean gully side-slope angle, or¡ as the gulry deepens, the

gully sides become steeper. This relationship may appear as obvious, but
the relationship should be vlewed in relation to the erosional processes

actlng upon the gullies. If the gul1y sides became steeper independently

of the gully depth, lt may sÍgnify that the gullies have attalned some
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equlllbrlum stage \'rhere eroslonal forces are concentraLecl trpon wldening

rather than deepenlng the gully floor. For thÍs to take place, a pro-

cess transltion front vertfcal to lateral erosion of the gully channel

floor would have to occur. Because thls sÈage has not been reached, iË

indlcates that the gull1es 1n thfs study have noL attained equi1lbrium

conditions, and the gullles are in a youthful- stage of gully deveropment.

This hypothesis ls in agreement, wlth the gully shape factor data (Tab1e 20,

Appendix III), which shows the guLlies to have inefficíent cïoss-sectÍonal

shapes, indicative of a youthful channel cross-sectl-on. Leopold and Þtiller
(1956, p.36) described stages of gully development as, "The earry stage of
a discontinuous gully is considered to represent the narrow, deep condi-

tion, and at a later sEage, lateral cutting and slunping of the arroyo

wal1s lead to wideníng, with a consequent, shall-owing of the cross-section

of flowing water aÈ a partlcular discharge." The gulltes studied along Ehe

Manítoba Escarpment are continuous guJ-lies where the gu|lies are wider

than they are deep (Table 4, Appendix III), but there has been no measured

lateral- cutting or slumping of the gurly walls (Table 2, Appendix rrr), as

compared to Ëhe increase of gully depths (Table 3, Appendix rrr). The

absence of lateral cutting but the increasing gully depth would indicate
that the gullies along the Manitoba Escarpment are in the early sEage of
gully developmenr as defined by Leopold and }filler (1956).

sÍmilar ro rhe gul1y widrh, rhe gulLy deprh is related ro the

Percentage of sl1t-c1ay in È.he surface material. The higher the percen-

tage of silt-clay, the deeper the gu11-y, and like gully width, this rela-
tlonshlp expresses the susceptíbtl-ity of the surface maEerial to erosLon.

In summary, gully depth is a response to eroslonal processes acÈ-

tng upon Ëhe gullies over tlme. As the gully deepens, the gully sldes
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hillslope angles of the slopes along the llanltoba Escarpnrent f.ncrease Ín
magnltude, the drainage basftrs become more elongatcd ln shape, ancl the

gully fall would lnccease as a result of the lncreasecl hÍllslope angle.

rn summary, gurly farl varres in proportf-on to the rate of gulry

erosf-on as evident by the relationships between gully fali_ and: gurry

volume; the volume of erocled material per foot gully length; ancl the ratÍo
of mean gulty side-slope angle to thalweg slope angle. Gully fall fs also

related to the sÍze and shape (degree of elongation) of the gully clrainage

basin.

4. Summary of Morphometric properties

Gully width, gully depth, and gully fall, were shovm Èo be res-
ponsÍve to erosional processes acting upon the gullies over time. Deeper

and wider gu1Líes would tend to develop on surface materials containfng

hlgh percenEages of silts and clays, with the wider gullies also having a

tendency to develop in areas with ]-arge d.rainage basins. As the gutly

channels deepened, the gully sides became steeper. It v¡as al-so shor^rn that
the gully fall ts related to large el-ongated shaped drainage basÍns.

From a revÍer¡ of AppendÍx III, a number of morphometric proper-

ties of the gullfes are evidenÈ. The drainage basins of all the gullies
showed a definíte elongated shape resulting from the steep slopes on whÍch

the baslns are located. The gulltes are wider than they are deep. The

gully shape factors show the gul1y cross-sections to be rectangular. The

north facing side-slope of the gul1y is steeper than the south facing slde-
)slope'- Palmer (1965) found ln a study of New Hampshlre gullfes the north
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faclng gully side fs shaclccl , and as the al-r tenrperature rlses, the north

faclng gully slde h¿rs a lower temperature than the south facing gully side.

The souEh facing gully slde warms rapiclly clurlng thaw periocls ancl excess

moisture 1s released by tharving and flor,¡s out of the soil, resulting in
soil creep occurring on the frost wealcened slope. rn palmer?s (1965)

study' the south facÍng gu1ly side-slope would have a tendency to erod.e

more' reducíng the south facing gully side-slope angle. The gullies along

the Manitoba Escarpment shorved no observecl preferred. orientation of rain-
fall or snowmelt eroslon, or soil freeze-tha\{ processes, to account for the

north facing gul1y sÍde beíng steeper than the south facing gully side.

There are effectively many relaÈionships whlch may have been ex-

pected but rvhieh did not appear. There ís no relationship between gully

width and gully depth. It Ls conceivable that a relationship between

gu1ly width and gu1ly depEh may exisr only ar certain stages of gully de-

velopment. The Leopold and Þfiller (1956, p" 3r) study found thaE the

early stage of gully dàvelopment is characterized by a deep and narrsw

channel, the next stage ís characterized by widening of the gul1y, and che

last sta.ge' deflned as the "stage of coalescence", is characterlzed by

lengtheníng and deepening of the gulry. Although the gullies along the

l'fanitoba Escarpment are r+ider than they are deep (table 3, Appendix rrr),
there is no evidence of gu1ly widening, and these gullles may be defined

as being ln the early stage of gully development. There was also no re-
latlonshlp between gully depth and gully fall, the only true vertJ-cal pro-

pertl-es of the gullies. Ìleginbottom (7967), who examlned gulltes north of
Montreal, found no correlatlon between these t\"/o properEles,

Schumm (1960) found a htgh inverse correlation of -0.91 beEween

the logarithm width-depth ratío to the logarlthm of che percen¡age silt-
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clay' This author correlated his logrlrlthm wldth-clepÈh rarlo cì¿rt¿r to the

Iogarlthnr percentage s11t-clay data and found a correlatfon coefflclent of
-0'2756. Ilven though the gu1ly wlclth and the gully clepth showect a sígnl-
ffcant relatlon to the percentage of sflt-clay, the wÍdth-depth raË.io to
percenEage s1lt-clay showed no significant relatlonship. Schumm concluded

that the percentage sflt-c1ay serves as a parameter representative of the

resistance to erosion ln a stream channel. Schumm found that as the per-

cenËage of sil-t-clay i-ncreased, the width-depth ratio decreased. There-.

fore, in fine grained sediments the channel will be relatively deep and

narro\¡r' whereas ín sedlments containing less silt-clay, the channel will
be wide and shallow. rt l-s this authorrs opinion that the gully width
and the gully depth of those gullies studied along the Manitoba EscarpmenÈ

are related to the percentage of silt-clay within the surface material,
t+1th Èhe percentage of silt-clay being a strong indicator of the surface

materialts susceptlbility to erosion. conEradictory results were re-
ported by Knighton (L974) who found the sÍlt-clay fracrion acËed. as a

binding agent, maintaining steep angles of repose for stream channels.

Knighton showed Ehat as the silt-c1ay eontent increased, the stream bank

angle also increased, and this he believed lras a morphological expressfon

of bank cohesiveness. The gullies along the Manltoba Escarpment had some

very steep slde-slope angles, some up to 70 and B0 degrees. Although the

relationshl-p between mean gully side-slope angle and the percentage of
sllt-clay was close to beíng sfgnífÍcant, the relationship between the

percentage of silÈ-clay wlth gully depth and gul]_y wtdch appears to be

more an lndicator of the surface maEeríalts susceptibility to erosl-on

rather than an expresslon of cohesfveness.

Leopold and Maddock (1953) found stream width and depth increased
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downstreant along tlte stream ch¿rnnel. Leopol<l ancl l.li1ler (1956) found the

width of dlscontltruous gullles increased clownstream, ancl t¡ey attrisuEe¿

thl-s lncrease ln gu1ly rvldth to the increased velocl-ty of f1owíng \,/ater

wlthln the gully channel, and an lncrease of gu11y slope down ttre gulJ.y

channel' The width and depth data for those gulltes stuclied along the

Manltoba Escarpment showed no dorunstream Lrends, nor cltd the gutry

channel widÈh lncrease with an increase ín channel slope. The gullles
studied by Leopold and Miller were long discontÍnuous gullíes with large
draínage basins and large gully falls. Leopold and Maddock studied

strearns havlng a continuous discharge. The gullies along the Manitoba

Escarpment did not exhíbit morphometric properties which are similar in
naEure to streans or large discontínuous gullies, rather Ehe gullies are

short ephermal channels r,rith small drainage basÍns and. having a small
gully fall-.

The absence of clearly-defíned hydraulic dor^mstream relatlons
may suggest Ehat the gullies are 1n a youthful stage of evolution, and the
mechanfcs of gu1-1y development have not developed to a stage of adjusting
to hydraulíc factors acting upon the gullies. As discussed ín the pre-
vious chapter, the gullies along the ManiEoba Escarpment are classified as

being in sLage 2 and stage 3 of gu1ly development (youthfur srages). The

gu11y shape factors and the absence of lateral gully floor erosion, indl-
cate that the gullies are also l-n a youthful stage of d.evelopmenE. The

absence of dov¡nstream morphometric relations ln this study is another in-
dfcator of the stage of gully d.evelopmenË.

5" The Relationshlp Betr¿een Gully Morphology and Erosion processes

By relating the morphomeËrlc propertfes of the gullies from the
prevlous sections Eo eroslon processes, the foll-owlng is hypothesfzed.
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Tlte larger the dralnage basin ¿1re¿ì., the more ruroff frour snowmelt ancl rafn-

fall ls funnelled tow¿rrds the gully chanrrel. This runoff results ln gully

eroslon wl-th f-ncreases in the width and clepth of the gulrles. Às the

gul1y erodes headward, Ehe gully fall ts fncreased gtvlng a greater head

to the runoff, and lncreaslng the erosl-ve capabf-lity of the gully channel

flow. The rvÍder and deeper gull1es will tend to develop in areas which

have large drainage basfns contributing the avallable runoff.

The capacity for a gully to erode was shovm to be relat.ed to

the percentage of fines, especially the silt-clay content r.¡ithin the sur-

face material. The gully width and gully depth increased in proportion

to the percentage of fines. Therefore, areas along this portion of ghe

Ifanitoba Escarpment having steep slopes, large clrainage basíns, and. con-

tainlng surface materials wtth high percentages of silts and clays, are

those areas most suscepttble to gully erosion.

The north facing sÍde of the gulltes are steeper than the south

facíng gully sLdes. some mechanism, possibly the heating of the gul-l_y

sides has resulted l-n differentlal freeze-thaw cycles along the gully

sides, resultlng in greater erosfon along the south facing sides of the

gullies, reducing Ehe south facing side-slope angle.

rÈ was shovrn that as the gulry depth increases, the gully sl_des

become steeper. Gu1ly depth was not related to gu1ly wldth. This irçlies

Ëhat as the gully deepens, the corresponding lncrease of Ehe gully side-

slope angle 1s not related to an lncrease of gully width. Thls suggescs

that the erosional forces actlng upon the gullies are most actlve along

the boÈtom portlons of the gully channel and. sicles, and are Less actlve

along the upper porEions of the gul1y. consequently, the gully depth and

slde-slopes increase independently and fasEer than gully wldth.
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The gullies ln thls study nay be consldered as belng in a youth-

fu1 stage of gul-J-y developrnent. The relatívely smalJ- sl-ze of the gullles,
the inefficfent gully cross-sectÍons (shape factor), the absence of clown-

stream morphometric trends, and the concentratÍon of erosÍonal forces

upon deepening the guL1-y thal-weg raËher Ehan widening the thalweg, arl
suggest that the guLlies have not developed to a stage of adjusEíng to
hydraulic factors which are eroding the gullf.es.

Sumnary

Pair-r¿ise relationshfps were esÈablished between the dependent

varÍables of gully width, gully depth, guLLy side-sl-ope angle, and gully
fall, r^¡iÊh LB independent guL1-y morphomeËric varÍables. Those relation-
shíps that vrere of significance have led to the conclusion that areas mosÈ

susceptible to gul-ly erosion are characterized as havlng steep sJ_opes,

large drainage basins, and containing surface material-s havÍng high per-

centages of silts and clays.

The gull-ies studÍed along this portion of the Manltoba Escarp-

ment are characterized as having rectangular shaped gully cross-sections,

the north facing side of the gully is steeper Ëhan Èhe south facing gully
side, the gu1-l-ies are r¿ider than they are deep, and there v¡ere no observed.

morphomeÈrfc trends downstream aLong the gully. The guLi-ies are presently

considered as being in a youthful stage of evolution.
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1. Introduction

The detailed ¡reasuremenL of the gully cross-sectlons affor¿ecl

the opportunlty for calculatlng the rate of erosion of eaclr gully" As

each gully aggraded or degraded, the change would appear in the cross-

sectional measurements.

Gu11y cross-sectional measurements were talcen a total of 4 times:

l'lay L2-L3, L973; october 20-2L, Lg73; May 13-14, rg74; and ocrober 5-6,

L974. Each Ëime' tno consecutive days were required. to take the cross-

sectional measurements at the sit,es of the 6 gullies. The May-October in-
terval ls representatíve of the summer rainfall period, where any change

of gully dimension is due to the effects of rainfall. The October-May in-
terval rePresents the spríng snowmelt. period. There is no gully erosion

durj-ng winter when the ground surface is covered in snow and. remains in a

ftozen staEe. The rates of gully erosion were based upon two suumer ral-n-

fall perlods and one snor¡Imelt period.

The Neepawa l^Ieather Station records provided values of the Eotal

amount of preclpiÈation 1n the form of snowfall and ralnfall-. The same

station also recorded the number of sumrner thunderstorms, and the amounË

of precipitatton contributed by each thunderstorm. It v¡as therefore pos-

sibl-e to categorize the precipitation ln Eerms of snowfall, precfpitation

due to thundersÈorm activlty, and precfpitaÈion due to non-thundersEorm

activlty. The amounts of precipitatl-on falling upon the fteld area by

these categories are summarized tn Table 5. l.

Rainfall lntensity data was obtained from the l.Illson Creek Ex-

perimental tlatershed, located 27 m1les north of the ffeld area. The raln-
fall lntenslty daEa was used to estimate the effect of rainfall intensity

CIIAPTIIì V
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TABLE 5. I

PRECIPITATION DATA

Based Upon the Neepawa l^leather Station

Total
Precipitatfon

Number of
Thunderst.orms

Thunders torm
PreciplLatíon

l"lay L2, 1973 to
October 20, L973

L8.27 fnches

OcËober 20, 1973

to May 13, L974

Non-Thr¡nders tor¡tr
Precipitation 12. Bl fnches

l_0
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5.46 lnches 1.71 inches

8.76 inches

May 13, L974 to
October 5, L974

6.69 fnches

4.98 lnches



upon gu1ly erosfon rates. By comparfng preclptt¿tË1on clata between t-he

Neepawa I'Ieather StatÍon ancl the tr^lilson Creelc lix¡rerimental I^Iatershed, it
was noted that the two statfons have close agreement of claily preclpl--

taËfon Èotals. Thls close agreement of prectplÈatlon totals 1s clue Èo

Èhe fact that both statlons are under the influence of Èhe same frontal
precipitatfon syst"*". I

The Neepar.ra [,leather Statíon reports precipitation totals at,

8 A.M. and 5 P.M. daily, but the l"Iilson Creek Experimental I^latershed
'þrecipltation data Ís recorded on a recordÍng precipitation gauge. The

recordÍng precipiÈation gauge is more representatfve of rainfall inten-
sity and total precipitatlon than the data reported at the Neepawa

I'Ieather Station. Although thunderstorm precípitation ís more localfzed

than frontal precipiraEion, the rainfall intensity data from the t{llson

Creek Experimental Watershed is used as being representative of thunder-

storm j-ntenslties falling upon this portion of the Manitoba Escarpment.

Therefore, the ralnfall lntensity data from the tlil-son Creek Exoerimen-

tal Watershed was used ln this study"

2. Rates of Gully Erosion

The volume of eroded material contributed by each gulry is
summarized in Table 5.2. Because the gullies are of different dl-¡nen-

slons, a much more representative erosion rate is presented in TabLe

5.3, which glves the mean gully erosion rate ín terus of square feet of
eroded material contributed by any one gully cross-sect.ion. From this
tabre lt is evident that all the gullies eroded durlng Lhe summer of
L973. Durlng the 1974 spring snor.¡melt perlod, only Èhe polonia Gully and
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TAI]LE 5. 2

TOTAL VOLUME OF ERODIID I"ÍATIRIAI, - CUBIC NEET

Gu11-y

Polonl-a

Roadside

Rosedale

Gully 1

Gully 2

Eden Farm

Gully I
Gully 2

May.1973 to
October 1973

- 108.90

-1432.60

October 1973
to May 1974

47.80

40. 50

- 33.00

0.00

(+)

(-)

74,72

r47.98

indicates aggradatlon

lndlcates degradatfon

May 1974 to
0ctober l-9 74

s7

+

+

32.44

34. 00

+ 4.40

+179. B0

Calculated from the
maËerial per gully

+ 00.57

- L7.64

2.28

8. 00

value derived from the
cross-sectíon times the

2L.5L

46.06

mean volume of eroded
gully 1-engEh.



T^3LB 5.3

VOLUME OF ERODED MATERIAL PIiR FOOT OF

(Cubic feer/foor)

Gully

Polonfa

Roadside

Rosedale

Gully I

Gully 2

Eden Farcn

Gully I

Gully 2

May 1973 to
0ctober 1973

0.99

2.47

0ctober 1973
l4ay L974

CULLY LENCTIT - VIL

0.84

0. 81

- 0.30

0.00

to

5B

May 1974 to
October 1974

(+)

(-)

L.32

1. 5l_

+ 0.57

+ 0.68

indlcates aggradatlon

indicates degradation

+ 0.04

+ 0.31

Calculated from
gu1ly length.

+ 0.01

- 0.18

- 0.04

- 0.16

the total volume of

0. 38

o.47

eroded materlal divided by the



the Eden Farm Cully 2 showcd evldence of erosion. One gully showecl no

change, and 3 gullies showed a tenclency towards aggradaËlon. During

the 1974 summer rainfall perlod, only Èhe polonta Gully and the Road-

slde Gully showed evldence of aggradatfon, whlle the other gulli-es de-

graded.

For all the gullies, the total volume of

deposited per inch of precipftatfon was calculated

summer L9732
summer L9742
spring L974:

(+) indicares
(-) fndicates

The value of *15.98 cubfc feet of material deposíted per inch of rain-
fall precipltation durlng the 1974 summer rainfall period was due to

the fnfLuence of the high aggradation value of +Llg. B0 cubfc feet of
sediment contributed by the Roadside Gu1_1y. rf thfs high aggradation

value was not. fncluded with the rernaining 5 gullies, then a value of

-73.45 cubic feet of eroded materlal for the total 1974 summer precipi-
tatíon perlod is obtained, By dividing Ëhis value by the toral 1974

sunmer precl-pitation, -10.97 cubic feet of materíal vras removed per inch

of sunrner precipitatlon. Even with the inclusion of the htgh aggrada-

tion value, and based upon the I973-L974 average, sunmer rainfall activ-
ity was 23-83 times rnore effective as an eroding agent than snov¡melt

rr¡noff. The most meaningful eroslon rates per inch of summer preciplta-
tíon was the 1973 sur¡nner precipitatton period. Llhen comparing the 1974

spring snowmelt aggradatlon rate to the 1973 summer preclpitation eroslon

raEe' the 1973 summer precipltat.l-on perlod ç¡as 56.60 times more effec-
tive as an eroding agenE than snowmelt runoff, whiLe the 1974 summer

- 101.32 cubíc feet/inch of rainfall
+ 15.98 cubic feet/inch of rainfall
+ 1.79 cublc feet/inch of snowfall preclpltat,ion

aggradatfon
degradatlon
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precfPlt-atlon period was 8.92 E:Lmes rnore ef fectf ve ¿ts an aggrilcl¿tlon

agent compared to snor^rmelE runoff of thac same year..

Snowmelt runoff and non-frìtense precipltatÍon are not consl-

dered to be signtffcanr gully erocrJ-ng agents. lleede (1967) in a

Colorado sLudy of gulltes of sfmllar sLze to thl-s study found the avail_-

able snowpack and rate of melt lnsufffcient to cause gul1y stream flow and

gully erosion. During his 7 year study period only 5 summer storrns pro-

duced gully stream flows, and these 5 storms r¡/ere responslble for gu1-ly

e ros ion.

Figures 5.1 to 5.3 are plots of the rainfall intensíties occur-

rlng withl-n the fleld area. Ffgure 5.1 illustrates the one hour rainfall
intensities of the 2 year, 5 year, 10 year, ancl 25 yeat return period in-
tensities based upon Bruce (1968). Also shornm is Ëhe infiltration rate
for gravelly sandy loans sinrilar to those ln the field area.2 *"i.rf"ll
occurring belor¿ the tnflltration rate percolaE.es into the growrd, and

rainfall lntenslty above the lnfiltration rate l-s converted int,o avail-
able runoff. Figure 5.2 íllustrates Èhe rainfall intensl-ty of the August

18, 1973 thunderstorm, Ëhe most lntense thtrnderstorm which occurred d.ur-

ing the sumner rainfall periods (the rainfall intenslty data for thLs

tht¡nderstorm are presented ln Table 5.4), and the lntensity of the rain-
fall thac occurred durfng the sediment trap observatl-on period (May 2l
andl{ay 22, L973)" Fígure 5.3 Íllustrates the 1973 and 1974 mean sunmer

ral-nfall lntensltles. FÌ-gures 5.2 and 5.3 are based upon the wllson

Creek Experimental l,Iatershed precipLtatlon intensity data.' From âû êX-

amlnatlon of these plots, a comparison of ral-nfa1l lntenslties r¿ith
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FIGURE 5,2
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FIGURE 5.3
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AUGUST 18, L973, TIIIJNDIRSTORM TNTENSITY DATA FROM

I,JILSON CREEK E}CERIMENTAL I{ATERS}IED

Raínfa11 Duratfon

TABLE 5.4

5 minute

10 ¡ninute

15 mlnute

60 nínute

L20 urinute

6 hour

12 hour

Rafnfall Intensity
(inches)
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0. s4

0.76

0. 87

0.97

1_.01

r_.09

L.L2



eroslon rates could be nade.

The 1973 and 1974 mean summer: rainf¿rll lntensl-ties ¿ìre below

the 2 year fnt.enslEy return perlocl , ancl thls

as "averaget' lnÈensfty summer rainfall. The

ral-nfall ls also below the lnfiltratlon rate

Therefore, the mean summer precf.pitation may

of infiltrating lnto the ground wlth 1itt1e

cause gully eroslon.

an l4ay 24, L973, the trvo sedr-ment. traps placed \^rithr-n the

Roadside Gully and the Eden Farm Gul1y z on lray 12, Lg73, were examj-ned.

From the time of placement of the two sedÍrnent traps until the time of

examination, 0.27 inches of prectpítation fell upon the two gullíes.

Thfs precipitatfon resulted in 0.051 cubic feet of deposited sedl-ment in
the Eden Farrn Gully 2 sedfment trap, and 0.053 cubic feet of deposited

sediroent fn the Roadside GulLy sedirnent trap. For one inch of preclpi-
tatLon, this represents a rate of erosl-on of 0.18 cubf-c feet of eroded

sediment from the Eden Farm Gu1-ly 2, ar.d 0.19 cubic feet of eroded sedi-
ment from the Roadstde Gully. Figure 5"2 illustrates the rainfall ln-
tensfties of the Þ1ay 2L and riay 22, L973, ralnfalls whÍch weïe respon-

sible for contributing the sedirnent t.o the sediment traps. The li,ay ZL

and May 22 raLnfalls were recorded as non-thunderstorm precipitatfon, and

only a sma1l Portlon of thls rainfall was above the infiltration rate.
This rainfall 1s regarded as non-l-ntense ralnfall because no portion of
the rainfall was above the two year return perfod. This rainfall was re-
corded as non-thunderstorm preclpltatlon with an lntenslty approxlmately

equal to the 1973 summer mean intensity duratlon.

If the eroslon raEe of approxÍmately 0.2 cubic fee¡ of sedfment

raÍnfall nray be considered

1973 and 1974 mean sunmer

for the gully sotl Eypes.

be considered to be capable

or no available runoff to

b)



eroded per lnclì of non-fntense preclpit¿rEfon is rcprcsentaLlve, then a

comparfson could be made between eroslon rates resultlng from íntense

and non-lntense precipltatlon. By multlplytng the non-fntense precipl_-

tatlon erosfon rate wlth the amount of non-intense precipltation firlling

upon the gullj-es, a value representíng the volume of eroded materÍal re-

moved due to non-intense precl-pfEatlon is obtalned. Subtracting this

value from the total volume of eroded maËerial from each gully wlll give

the volume of eroded materl-al removed from each gully as a result of in-

tense precipltation. Duríng the summer of 1973, a total of 18,21 inches

of non-intense precipitatíon and 5.46 inches of íntense precipitatlon

fe1l on the field area (Table 5.1). This non-inËense precipitation fall-

Íng upon the Eden Farn Gully 2 would erode 2.30 cubic feet of rnaterial

and the intense precipitation would erode f45.68 cubic feet of material

from the gully. The same amount of non-intense preclpitatÍon would erode

2.43 cubic feet of material from the Roadstde Gully, and 1430.1-7 cubic

feet of material would be eroded as a result of the intense precipl-t.a-

tlon fallíng upon the gul1y. Intense precÍpitaÈion ís therefore capable

of removing 588.5 times more material from the Roadstde Gully than non-

Íntense precipitation. From the Eden Farm Gul1y 2, 63.3 times more

material would be removed from the gu11y as a result of intense preclpi-

tation corrpared to non-lntense preclpitation"

InfrequenÈ intense summer precipitation, exceedfng the fnfll-

tration rate, is considered to be the major gu1ly eroding agent. During

rhe 1974 summer ralnfall period, the precipitation intensities did not

exceed the tnfiltratlon raEe of the field area so1ls. Only one intense

thunderstorm, occurring on August 18, 1973 (Figure 5.2 and Table 5.4) was

recorded as havlng an lntenslty above the infilt.ratÍon raEe. Thls

6e



thunclersËorm had a rnlnfall lntensity approxlnratel-y equal to the fnLen-

slty of the 10 year return perlod. It ls probable that this one lntense

thunderstorm l^/as responsfble for the majorlty of the erosfon attributed

to the 1973 summer ralnfall perlod.

The dlfferences of erosfon rates between the 1973 and 1974

sunmer ral-nfall perfods (Table 5.3) are explaíned fn terms of the ¿ura-

tion factor of intense precipitation and the productíon of runoff rnrater.

For thunderstorm activity, Bruce and Clark (1966) showed tha¡ on a sandy

loam soil, simllar to the sandy loam solls wlthín the fielcl area, the

rr:noff exceeds Èhe infiltration rate at approximately the 30 rninute dur-

ation of a thunderstorm. Wischemeir and Smith (1958) showed that the

kinetlc energy of a thunderstorm at the 30 minute duratíon ís htghly

correlated wtth soil loss. Also, Musgrave (f955) reported that the mini-

mum inflltratl-on raÈe of sands and silts of moderate depth is 0.05 inches

per 30 mlnute duration. The depressl-onal storage for the mean slope of

the fíeld area of 1-4.8 per cent on pasture is between 0.02 and 0.07

inches, Chow (L964>. Assurting that after a 30 minute duration of intense

precipitatJ-on, Írfth a minimum rainfall intensl-ty of 0.05 inches, and a

mean depressional storage of 0.05 inches, runoff conditions would. occur

after 0.10 lnches of intense precipítatlon. For the sunmer of 1973, a

toral of. 7.33 inches of l-ntense precipf-tat,l-on was aval-lable as runoff ,

whl1e only 3.43 inches of intense ral-nfall was avaLlable as runoff durlng

the summer of I974. The summer of 1973 experienced greaEer erosion rates

than the summer of. L974, Thls difference fs explained in terms of more

lntense precipitation occurring during the summer of 1973, and because

there vras more available runoff to cause gully erosl_on.

An exarnple of summer rainfall erosion fs found at Ehe Roadslde
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GulJ.y slte. At Lhe b¿rse of Ehe lìoaclsl<le Gully 1s ¿r¡r alluvlal fan

(Ffgure 6, Appendtx r). The arluvf¿rl fan was surveyed fn May, rg73, and

agaln surveyed J-n October, L973:' prfor to and after the sumnrer r¿rlnfall

perlod. After the summer of 1973, it was calculated that a total of

8,449 cubl-c feet of sedlment had been deposftecl on the alluvial fan.

From the gully cross-sectlonal measurements, it was calculated that

L432.6 cubÍc feet of material had eroded from the gully. The dl-fference

of 7016.4 cubÍc feet of sediment could only have been suppliecl by the

Roadside Gul1y drainage basin. By dividing the amount of sediment re-

moved from the draínage basin by the drainage basin area, it was found

that the drainage basin had eroded by 0.04 feet during the summer of 1973.

rt is concluded that a total sunmer precipitation of rï.z7

inches, of which 7.33 inches of precipitation was available as runoff, r¡ras

sufficient precipitation to erode L432.6 cubl-c feet of sedl-ment from the

Roadside Gully, and to lor¿er the associated drainage basln by 0.04 feet.

At the end of the 1974 summer rainfall period, the Roadside Gully allu-

vial fan showed no gain l-n sedimenE. Apparently the 1974 snowrnel¡ run-

off and the total summer precipltation, of v¡hich 3.43 inches of Èhe total

sunìmer precipitation was avallable as runoff, vlere insufficient to carry

sediment down the length of the gully to add to the alluvial fan.

only the Polonia Gully and the Eden Farm Gully 2 showed evi-

dence of erosl-on after the 1974 snorn¡melt perlod. The Roadsl-de Gully

shorved no change, while the two Rosedale Gullies and the Eden Farm Gully

I had sediment added to these gutlles after the snowmelt period. Although

3 of the 6 gul11es tended towards aggradation, snowmelc v/ater sarnples

taken from the gullies showed exceedlngly high concentrations of sus-

pended sedlmenr (see Table 5.5). SricklÍng (I973, p.65) examtned rhe
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Gul1y

SUSPENDED SEDIMENT FROM SNOI^IMIILT

Polonia

Roadsl-de

Eden Farm

Gully 1

Gul-ly 2

Rosedale

GulJ-y I and

T^BLti 5 .5

Suspended Sedi.rnenÈ
Grams /l,1ter
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Gul1y 2

6.04

0.23

3.L7

L5.97

A1l runoff ínfilrrated
into the ground



susPencled sedlnlcnt concenLrat-lons 1n Canacllan r:lvers ancl found the

hlghest concentratlon of suspcncled secli.nrent exceederl 1 gram per lt¡er.
0f the gullies ln whl-ch snowmelt runoff \^/as present, the suspended

sediment concentrations rüere exceptionally hfgh. The one exceptfon was

the Roadslde Gu11y where the suspenclecl secliment concentration was only

moderate. The maximum snowmelt flow observed from any of the gullies

was less than I lnch deep and approximately I foot wide, with a very

slow velocity.

The high suspended sedÍment concentratlons and the fact that
3 of the 6 gullies aggraded' suggests that snowmelt processes v¡ere cap-

able of both gully aggradation as rvell as gully degrad.ation. As the

snow wíÈhin the gully channel melted from late April to early May, rg73"

it was observed that the conEact zone between the snow in the snow

fl1led gully and the gully sid.es were generally damp" The snow filled
gurly channel may act as a site for initiating soil freeze-thaw pro-

cesses. Alternate fteezing and thawing of the snow-gully contac¡ zone

would cause a loosening and shattering of the soll fragments, yielding

a supply of fine sediment. Since the snow was observed. to remain tn the

gullies well into late spring (see plate 5.1), the presence of lingering
snow would increase Ëhe number of soil freeze-thaw cycles, even though

the air temperature would be above freezing.3

The number of soll freeze-thaw cycles recelved by the field
area during the fall and spríng of. 1972-1973 was 41 cycles, Environmeng

Canada (1973). The soil temperature data, from whích the number of soil
freeze-thaw cycles is calculated, for Ehe spring of 1974, has not. yet been

tl,

3' The field area recelves an annual mean of 42 soll freeze-thaw cycles,Fraser (1959).
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Plate 5. 1

Snow remains in the Roadside Gully long after

the snow has melted from the drainage basin.

The picture was taken April 21, 1974, and the

snow in the gully had melted by May 13, 1974,



publlshed. If the number of soll freezc-thaw cycles for the Ig73-Lg74

snowmelt perlod Ís close to the annual mean val.ue, then t¡e erosfon

rates calculatecl from this stucly míry represent average soil freeze-thaw

erosion rat.es of the gullies.

Snowmelt runoff Processes in conjunctl-on with soil freeze-Ehaw

processes could explain the additíon of sedlment to the gullies as well
as the high susperrded sediment concentrations measured from snowmelt

runoff' As the snow within the gully drainage basins melted, the nelt-
\,rater could transport fine grained sediment to the gullies by the system

of rills which lead torvards the gullies. Because of the steep sropes,

sparse vegetation of those drainage basins located on overgrazed. pasture,

and the susceptabilÍty of the surface materiaL to erosion, well-defined
systems of ril1s are present. in each gul1y drainage basin. The ob-

served meltwater flowing from Ehe snow filled gul1y channels was clearly
unable to erode or scour the gul1y channels. The nel-tr¡a¿er flowing down

the gully channels merely transported sedl-ment which had been loosened

by other agents.

Soíl freeze-thaw activity and meltwater transported sediment

could therefore account for the sedíment which r¿as added to those gullies
which showed aggradatlon, and accounts for the high suspended sed.iment

concentrations measured. from the gully rnelErvaters.

All meltwater runoff infiltrated into the ground in the Ewo

Rosedale cul11es. This mel-twater runoff r"ras not capable of remoying the
sediments produced by the soil- free ze-Lhaw processes and Ehe dralnage

basin meltwaters, and consequently the two Rosedale Gullies shov¡ed evi-
dence of aggradation. The Roadside Gully and the Eden Farm Gu1ly I
showed ng substantial change after the snou¡melÈ period, even though these
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tlvo 8u111es hacl lnoclerate suspenclecl secllnrent conccnÈ.ratlons, The flne
suspended sedlnlent proclucetl by sofl freeze-Lharv processes ancl Ehe clraln-

age basln meltwaters was small enough to be wíthin the magnlrucle of t¡e
gul1y measurement error, ancl conseqLlently would not be measured as de-

gradation. Thfs may indicate that the gully channel snowmelt runo,ff v¡as

just sufficient to transport the fíne suspended sediments produced by

soil freeze-thaw processes and the drainage basin meltwaËers supplied to
the gullies during the snot¡melt season. Gu1ly channel snov¡melt runoff 

"

\¡/as apparently sufficient to transport all the sediment produced by the

soil freeze-thaw processes and drainage basin meltwaters from the

Polonia Gully and the Eden Farm Gully 2. This would account for Èhe ex-

ceedingly high suspended sediment concentratlons measured from these

gullies during the spríng snowmelt perÍod.

From field observations during the spring snovrmert period, it
is Èhis authorrs opfnion that the 1974 spring snovnnelt runoff vras noc

capable of inftiating gul1y erosion. some other mechanisms, such as

soi'l freeze-thaw Processes, were responsible for the measured erosion

rates durl-ng this period. The gul1y channel snowmelt runoff was merely

a transporting agent of previously eroded sediments.

The exact role of snow lingering wíthín gullies upon erosional
processes does not appear to have been investigated. The literature
concerning thÍs problem deals prlmarily v¡ith nivation hollows found, in
northern environments where nivation processes are most active during

longer periods of time. A number of quest.ions concernlng future re-
search of the problem may be raised. How many addltfonal soil nreeze-

thaw cycles are aclded to the annual mean number of soil freeze-thaw
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cycles from che actfon of snow llngerÍng rvlthln the gull1es? llow cloes

the intenslty of the soil- freeze-th¿rw ¿rctfvlty play a role in arterÍng
the gully side ancl bottom materÍal? I^Il-rat chemical. alteratlons, if any,

of gully material takes place due to the presence of snow? rf these

questfons could be fnvestfgated, a more complete unclerstanding of all
aspects of gul1y erosional processes in southern Manitoba could be ob-

talned.

There v/ere no morphol-ogical changes observed or measured with-
in the gullles from the snorvmelt period to the beginning of the rainfall
period of 1974- There was no change in gu11y wtdth. The gulry deprh

either remained constant or showed a very slight depth increase. There

\¡ras no change in gully cross-sectional shape. Sediment was added. in
equal quanËities to the sides and bottoms of those gullies which ag_

graded' only the tlo Rosedale Gullles showed any significant change in
the mean.gully side-slope angle. Thls v¡as expected as Ehe gulries had

sediment added to the gulry sr.des, decreasing the mean gurry side-srope
angle by approximately 5 degrees.
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Sununary

During the summer

eroded. During this period

an estlmated 0.04 feet.

Sprfng snov¡melt runoff does not appear to have the capacity of
initlating or malntainíng gul1y eroslon. Snowmelt runoff was shown to
be merely a Èransportlng agent of previously eroded sediments. sotl
freeze-thaw processes are rdentrfied as Ehe agencs rnosE probably respon-
sfble for all sprrng gul1y erosÍon. The deposicion of sedlmenE wrÈhrn

rainfall period of L973, all the gulltes

the Roadside Gu11y drainage basin eroded by



the gullfes 1s most probably clue to soll freeze-thilw processes arrcì Èhe

dralnage basÍn ¡neltwaLers carryfng suspended secllments to the gtrllies.
Further research fnto the erosfve effect of snow llngering wlthÍn the

gullles lnt_o late sprlng fs recommended,

The summer rainfarr period of 1974 had 2.73 trmes ress preci-
pitation and fewer thunderstorms than Ëhe previous summer. The 1974

precipitatÍon was capable of continuing gu11y erosíon within the smaller
gullfes, but r¡as unable to erocle the larger gullies. The 1974 preóipi-
tation was capable of removing sediment from the drainage basins and de-

positing the sediment wiEhin those larger gullies. Either the total
amount, the intensity, or the avaÍlable runoff of the 1974 summer pre_

cipltatlon period, was not capable of removing sediment from the larger
gullfes or continuing gully erosion.

rntense summer precrpitation is the major agent responsibre for
gully erosLon. rf the data gathered. from the sediment traps is repre-
sentatfve of the erosion raËe of non-intense precipftatÍon, Ehen lntense
summer precipitation is the most active eroding agent acting upon the
gullies along thls portíon of the Manl-toba Escarpment
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CIIAPTIÌIì VI

Conc1us lons

1. Gu1ly Retard¿rtj-on proposals

Gullyfng Ís a sfgn of lvasting soll resources ancl mj.suse of farm-

Iand. The effects of the gullles along this portlon of the Ma¡itoba

Escarpment are felt ln many rùays. Gullfes decrease the resale value of
farmland. They make access to parts of the farm clifficult, an¿ are ofÈen

a danger to livestock. cultivation is difficult ín parts of the paddock.

Ieft betlveen gullies. If the paddocks are inaccessible, the amount of
productive land is reduced. Gullies may und.ermine dams, buildings, or
roads. Even lf nothíng obvíous is threaLened, a gully drains the soil
moisture on either side of channel, leaving less soil moisture reserves

for crop culÈivation.

The 6 gullies studied were shovm to be actively erodíng, buË.

methods of conrrol could easily be initiated. The methods of gully con-

trol proposed for thls area may be divided into three general- groups:

(a) Gu1ly Segregarion
(b) Revegetarion
(c) Structures

( a) Gul1y Segregation

Gul1y segregaEion is the encrosement of a gul1y by a fence or
other means to prevent access to the gully by llvestock. Trvo of the causes

of gullylng reported in this study are the overgrazlng of pastures by live-
stock and the Ínterception of dovmslope runoff by livestock pachs. If a

gully is revegetated with grasses or trees, the young plants must be pro_

tected from llvestock. Iy'hen the ground surface around a gully is satur-
aced wiÈh water after snowmelt or heavy ralnfall, concenLraÈfons of



llvestock can

the gull1es.

so11 removing

erosfon.

eas:Lly trarnple ancl dcstroy any exlstlng veget:rtron al,ongs.r.cle

Itoofprl-nts can often penetrate dceply ínto trre s;rturaEecr

the vegeEat.ive cover and exposf'g r-he u'derryJ-ng sotr Eo

Gu1líes may also be segregated by placing rivestock feeds and

\^/ater Ëroughs arvay from gullied areas. This would help to redirecE live-
stock paths to ne\47 locations allowing existing livestock paths to revege-

tate' In the case of unnatural concentraLions of florvs d.ue to man made

tracks and fietd access roacls, the use of alternate roads would. reduce the

incídence of gullyÍng resulting from Lhe development of ruts wi¡hin Ehe

road.

Gully segregation isolates the gurrÍes, and. where applicabre,
allows naLural stabilizatíon process to occur rvithin the gullies. The

advantage of gully segregation Ís that it is inexpensive. The construction
of Eemporary fences or the relocation of feeds and r\rater troughs requires

little expense and manpower.

(b) Revegetatlon

The revegetatÍon of the gul1y drainage basins ís recommended"

Revegetation with natural grasses or trees is recommended as the grasses

could later be used as ll-vestock feed. rncreasing the vegetative cover

would reduce splash erosibn and also reduce the veloclty of overrand flow"
Erosion of the gully channel can be controrled by practng strrps of sod-

formlng grasses down Ëhe thalrveg of the gully, and where the gradient per-
m1Ës, the planting of grasses across the gully. The grasses act as sflt
Èraps' As the floor of ttre gully 1s slowly butlt up wlth silt, the grasses

would spread up and down the gully channel.
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The most Ínlportar-rt gtrlly er<;tllng agcnt I dcnti l.icld ln thts study

was lntcnse summer preclpltrttion. Ilecause of the relatf.vely {¡frequent
occurrence of exceedtngly inLense thunclerstorms, the plantlng of grasses

or trees would have sufflcient growlng tÍme to become established l¡e-

tween the Íntense thuirderstornì return periods, and not tìave the young

sprouts washed away by surface runoff.

Revegetatlon rvith trees, as evident from Ehe Rosedale Soil and

tr^Iater conservation project, along severely eroded hil1slopes, has been

successful in preventíng furEher gu1ly and hills1ope erosion. Trees wiÈh

a mass of fibrous roots should be planted in Èrenches along the side of
the gully. rn thís position the trees send out their rooÈs laterally and

protect the sides of the gullies. Edwards( 195s) recommends thar rrees

should never be planted in the gulty channel or at Lhe foot of che gulry
sides' In this posltion trees ¡¿ould only íncrease scour by causing flow
to sr¡irl around the roots during periods of high runoff.

Revegetatíon.of the gulry channer and. i.s drainage basi.n pro-
duces the best erosion retardation results and is the most econorni-cal

means of gu1ly control. The revegetated slopes would retard soir and.

gu1ly erosion, improve pastures, and make more feed available to livesEock.
Although the two Rosedale Gullies showed evidence of erosion, the revege-

tation project by the Provincial GovernmenL has resulted in vegetation
growíng along the length of the gully channel. As this vegetation be-

comes increasingly established, it would be expected tha¡ the rates of
gully eroslon wl11 decrease.
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( ô) Strucrures

Man m¿rde structures
consÍdered where revegetation

are expensive alternaElves and should only 6s
and gully segregatlon att.empts fail, or where



\^/ater erosfon due Eo ¡;ullyfng i.s so severe

Thls auLhor found no Justificat:lon for the

in those gulltes studlecl. On vísfts to the

areas, various gu1ly reL.ardatlon structures

that some of these structures used are more

a benefÍt.

Gu1ly control structures range from the simple and. inexpensive

to the elaborate and expensive. Simple control structures consist of rock
debris or 1og check dams reinforced rvlth rock. Ileede( i-960) has presented

a well Íllustrated variety of simple control structures. Eclwards(1958)

and I'finshall( 1953) cliscuss a clÍversity of gu1ly contror structures of
elaborate deslgn. Their gul1y conErol structures are designed for very
large and potenLially destructive gullfes.

Because the gullies studled along the Manitoba Escarpmeng are re-
latively small and located on smarl marginal farms r âny gully control
structures must be inexpensive and used only where other gully retardation
attempts have failed. ' The best type of structure recon¡rnended ís a log or
rock check dam' The check dams reduce channel flow in times of severe

runoff and allows silt build up behind the dams. The silÈ build up re_

duces the channel gradient and flow velocity. Best results courd be ob-

tained from using a series of check dams along the entire lengEh of the
gully channel.

The advantage of check d.ams is their cost. rf constructed of
rock debris, rocks removed from cultivated fields could be put Eo use 1n

the construction of tl-re check dams. Rock debris or hay should not be used

to f111 or cover the entire lengrh of the gully. Rock debris or hay pre_

venÈs the establishment of vegecaElon ln Ehe gully. Erosion wirl still

that propcrty fs t-hreirtenecl .

constructlon of strrtcturels wlth-

ffeld area ancl surrouncling

were ol¡served and it is felt

of a hinclrance than they are
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continlre, althoug,h at a slower rrte, as flowl-ng water percolltes through

the cover an<l undcrnrl.nes the trny or rock clebrls.

The 6 gullles studiecl rvere shown to be fn active stages of ero-

sfon. If gully controls are requlred to stabll-ize gul1y erosl-on along thls
portion of the Manitoba Escarpment, Ehe most economical means suggested is
revegetaÈion. The Rosedale So11 and i^later Conservatl-on ProJect, con-

ducted by the Provfncfal Government, vras proven to be a successful revege-

tation project. At the slt.e of the 2 Rosedale Gullies, natural vegetaÈ.ion

r¿as establlshed on the gully floor and a1ong the gully sídes. The result

of thls revegetatíon project was a stabilization of slopes and a much iur.

proved pasture. If símilar revegetation attempts were applied to the re-
rnainlng gullies in thÍs study, the result would be a reductlon of gulJ-y

erosion wlth eventual gully stabilization.

2. Concluslons

In accordance wlth the lreland, et al. (1939) gully classification

system' 4 of the gullies in thls study are classified as Stage 2 of gull-y

development, and 2 gullies are classifled as being ln stage 3. The form

of 5 of Èhe gullies are of the linear type, and one gully is classified as

parallel. The gul1y heads are classified as inclined.-poin¡ed, although one

gully could conceivably be regarded as inclined-rounded. The thalweg pro-

flles l-llustrate that all the gullies are of rhe continuous gully type.

The drainage basins of all the gullies are elongated in shape

due to Eheir location on steep slopes. Each gu1ly channel l-s character-

Ízed as havíng a rectangular shaped cross-section, the north facing side

of the gul1y l-s steeper than the sourh facing gully side, and the gullles

are wider than they are deep. There r,Ias no clearly-defined downstream

morphomeErlc trends along the gul1y channel.
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Eroslonal f orces ¿tre mos t act.lve alon¡; thc bottom portl-ons of

the gully channel ancl s j.des, ancl less actíve alon¡,, Lhe uppe r portf.ons of

the gully cl-rannel. Tliis lmplies th¿lt the gully clepth ¿rncl sÍcle-slopes fn-

crease independently and at a faster rate than lncreases of gully wtclth.

The morphometric characterístics of the gullles have led to the

conclusion that the gulJ-les are 1n a youthful stage of gully development.

The small slze of the gullies, the inefficient gully cross-sectÍons

(shape factor), the absence of dor,¡nstream morphometríc trends, and the

concentratl-on of vertl-cal rather than lateral erosion along the gully

thalweg, all suggest that the gullies have not developed to a stage of
adjusting to hydraulic factors r,¡hich are eroding the gullies.

The capacity for a gully to erode was shornm to be dependent

upon the percentage of silt-clay found hrithin the surface materlal. Those

areas along this portion of the Manitoba Escarpment rvhich are mosE sus-

ceptible to gu1ly erosion are characËerized as having steep slopes, large

drainage basLns, and having surface materials contaÍning high percenEages

of silr-clay.

During the period of this study, sunmer rainfall was identified
as the principal gul1y eroding agent, while snowmelt runoff showed a

tendency to add sediment to the gully channel. Based upon the Lg73-Ig74

average, sunmer rainfall activity was 23.83 times more effective as an

eroding agent than snowmelt runoff. spring snowmelt runoff did not ap-

pear to have the capacity for initlating or maintaining gu11y erosion.

spring snowmelt runoff ís merely a transporting agenE of prevfously eroded

sedlments. Gul1y aggradation values attribuEed to the spring snowmel-r

perlod are most ltkely due to so1l freeze-thaw processes operating along

the gully channel, and drainage basln me1ÈwaEers carrying suspended
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sedlments to the gully channel.

During the 19 73 summer ral-nf .r11 perlocl , illl the gullles ero<lecl ,

¿rnd the Roadside Gully drainage basin rvas erocled by an estinr¿rLecl 0.04

feet' The 1974 summer rafnfall rvas capable of continuing gully erosfon

withín Èhe smaller gullfes, buÈ rvas unable to erode the larger sized.

gullles. Elther the total amount, the lntensíty, or Ehe avallable run-

off was not sufficÍent for relnoving sedinent from the larger gullles or
continuíng gul1y erosion during the 1974 summer rainfall period.

rnfrequent íntense sunmer precipitation, exceedíng the rnfir_-
tration rate' is the major gully eroding agent. For 2 gullies studled
duríng 1973, intense sumner precipitatíon removed 588.5 and 63.3 tÍmes

more material from the gullies and drainage basins than non-intense pre-

clpitatlon. It is suggesced that the volume of eroded material removed,

from the gullies and drainage basins is related to the íntensiËy duration
and return perlod of the intense sunmer precipit.ation.

Water erosion by the process of gullying poses a definite threat
to Èhe agricultural productivlty along the Manítoba Escarpment. Gullying
ls identified as an lnternittent erosional phenomenon nost active during

intense summer precipiEatfon periods and was found to be the major soil
erosion process actÍve ln thls area. If left unchecked, the incidence

of gullying would certainly l-ncrease, resulting in flooding of the better
agrlcultural land at the base of the lfanltoba Escarpment, ancl silting up

of ditches and naEurar clrainageways. An overall program of soll con-

servatlon and water management is recluired to alleviate thls problem.

B3
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APPENDIX I

GULLY CHANNELS AND DRAINAGE BASINS
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APPENDIX II

GULLY THALI^IEG PROFILES
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APPENDIX III

GULLY MORPHOI'fETRIC DATA



Symbol

I^I

D

w/o

e

€N

ES

€T

F

TABLE 1

GULLY MORI)TIOMI]TRIC PROPERTIES

De flnl tion

Mean Gully l^lidth

Mean Gully Depth

Rario of Mean Gu1-ly I^lidth to Mean Gul1y Depth
Mean Gully Side Slope Angle
Mean Gully North Facing Slope Angle
Mean Gully South Facing Slope Angle
Thalweg Slope Angle Defíned as Rise Over Rr¡n

Total Gu1ly Fall Defined as the Difference
Ín Elevatfon BeEween the Gul1y Head and the
Teruinus of the Gully Channel_

Gully Lengrh

Gully Drainage Basin Area

Mean Gully Cross Sectional Area
Mean Gully Voluure Defined as Gully Length
Tines Mean Gully Cross-Sect.ional_ Area

Volune of Eroded llaterial per Foot of
, Gully Length

Ratio of Mean Gully Side Slope Angle to
, Thalweg Sl_ope Angle

Elongation RaÈio Defined as (Schuurn 1956,
p. 6Lz)

L

A

a

v

vl:-

e/er

E

r04

r'= t LL-TJr
L

where: A = Area of Drainage basin in
square feet

X = 3.14
L = The maximum length of the

drainage basln measured parallel
to the maj or channel



T^BLE I ConEt d

Svmbol

o/

of

o/

G

S

s-c

Per Cent

Per Cent

Per Cent
Materl-al

H11ls lope

De f lnl tl-on

Gravel Wlthtn the Surface Materlal
Sand Wlthfn the Surface Materlal
Silt-Clay l^lithln the Surface

Angle Defined as Per Cent Slope

r.05



Gu1ly

Polonla

Roadside

Mav 1973

7.2

7.6

MEAN GULLY T^IIDTH - I,I

TABLE 2

Rosedal-e

Gully I

Gul1y 2

October 1973

Eden Farm

Gul-ly I

Gully 2

7.2

7.7

( feet)

Mav 1974

7.2

7.7

3.9

4,L.

r06

3.9

4.t

4.9

6.8

October l-974

7.L

7.6

3.9

4,7

4.9

6.8

3.9

4.1

4,9

6.8

5.0

6.8



-q"1ry

Polonia

Roadside

TABLE 3

MEAN GULLY DEPTit - D (feer)

Mav 1973

2.4

2.6

Rosedale

Gully I

Gul1y 2

0ctober 1973

Eden Farrn

Gul1y I

Gull-y 2

2,3

3.1

1.5

1.3

l4ay L974

:107

2.4 2.4

3.1 2.9

2.5

3.3

1.6

L.4

0ctober 1974

1.4

L.2

3.1

3.8

1.4

1.3

3.1

3.7

3"0

3.7



T¡,I}LII 4

IìATIO OF M]ÌAN GULLY TüIDTII TO MEAN CULLY

DEPTH - W/n (feer)

Gully

Polonia

Roads ide

l{ay 1973

3.0

2.8

Ros edale

Gully 1

Gul1y 2

0ctober 1973

Eden Farm

Gully I

Gully 2

3.0

2,5

2,6

3,2

Ì{ay 1974

3.0

2,5

t0B

2.5

2.9

1.9

2.O

October 1974

2.9

2.7

2.9

3.4

1.6

1.8

2.7

3.1

1.6

1.8

r.6

1.8



Gullv

Polonia

Roadsicle

ÞMAN GULLY SIDE

l"lay L97 3

39.53

33.90

TA3LE 5

Rosedale

Gully I

Gully 2

SLOPE ANGLIÌ - O

0ctober 1974

39. 95

38.45

Eden Farm

Gully I

Gully 2

JO. /)

39.70

( de grees )

þ1ay L974

38.0 7

38.30

r09

34.45

36,62

39. 59

43.20

October 1974

37, 85

34.65

48.59

47,35

30.05

3L.74

32. 50

33.15

49.63

49.65

43.85

46. 35



TABLE 6

I"MAN GULLY NORTI1 FACING SLOPE ANGLE _

( clegrees )

Gu1lv

Polonia

Roadside

May 1973

43.87

35. 40

Rosedale

Gully 1

Gul-1y 2

October 1973

42.86

43.60

Eden Farm

Gully I

Gully 2

42.00

43.70

EN

Mav 1974

40. 50

41.10

t.l 0

33.00

40.00

39.53

43.90

October 1974

52.06

55. 40

38. 10

36. 70

31. B0

32,04

32.60

33.60

53. 86

54. B0

48.50

48. B0



TA3LE 7

MEAN CULLY SOU1ÌI FACINC SLOPE ANGLE -
(degrees)

Gullv

Polonia

Roadside

Mav 1973

35. 20

32.40

Rosedale

Gully I

Gul1y 2

October 1973

37.s4

33.30

Eden Farm

Gully 1

Gu11y 2

31. 50

35. 70

OS

l4ay L974

35. 65

35.50

r.1.1

3s. 90

33.24

39.66

42,50

0ctober 1974

37.60

32. 60

4s. 13

39. 30

28.30

3L.44

32,40

32.7Q

4s. 40

44. 50

39,20

43.90



- 
TAßLE 8

TIIALI^IEG SLOPJI ANGLE DEFINED AS RISE

OVEIì RUN - eT (feer)

Gully

Polonla

Roadside

Rosedale

Gully I

Gully 2

Eden Farm

Gully 1

Gully 2

ET

0. 16

0.0 7

11^
-r. l_ ¿

0. 13

0. l_g

0.26

0. L6



TOTAL

Gully

Polonla

Roadside

Rosedale

Gully I

Gully 2

Eden Farm

Gully I

Gully 2

TAI]LE 9

GULLY FALL - ( feet)

F

18. 00

30. 20

7,57

9. 9s

L4,57

i_6.00

1.1 3



GIJLLY

Gully

Polonla

Roadsl-de

Rosedale

Gully I

Gully 2

Eden Farm

Gully I

Gully 2

TAI]LE 10

LENGTII - L ( feet)

L

110

580

56. g

50

s6. 6

98

114



GULLY DRAINACE BASIN ARIA - A

(square feet)

TA-BI.E 11

Gu1]-y

Polonia

Roadslde

Rosedale

Gully I

Gully 2

Eden Farn

Gully I

Gully 2

il5

fI

20027

35059

2899

2028

2554

s552



TAI}LìI 12

I'm^N GULLY CROSS SICTIONAL AREA - a

(square feet)

Gully

Polonia

Roadside

Ifay 19 7 3

8.52

IL.27

Rosedale

Gully I

Gully 2

October 1973

Eden Farm

Gully I

Gully 2

9. 51

L3.7 4

2.7L

2.35

l"Iay 1974

9. 81

13.7 4

l..l (;

3. 55

3. 16

6.34

9.40

0ctober 1974

9.77

13.43

7 .66

10.9r

2,gB

2.48

3.02

2.64

/.o)

11.09

8.03

11.56



Gullv

Polonfa

Roadside

TABLE 13

MEAN GULLY VOLUI"IE - v (cubfc feer)

þlay L973

937,20

6536.60

Rosedale

Gully I

Gu1ly 2

October 1973

1046. 10

7969.20

Eden Farm

Gul1y I

Gully 2

r54.20

117. 50

Mav 1974

1079.10

7969.2Q

.t)t

202

tsB

3sB. 84

92L.20

0ctober 1974

1074.70

7789.40

433,56

1069.18

169.56

L24

432.99

1086. 82

171. 84

L32

454.50

11_32. 8g



TANLI 14

VOLi]I'IE OF IIII.ODIID }{ATNRIAL PEIì I¡OOT OF GULLY

(cubic feet/foor)

Gully

Polonia

Roadside

May 1973 to
October 1973

Rosedale

Gully 1

Gul1y 2

0. 99

2.47

October 1973 to
l{ay L974

I,ENGTII - V lL

Eden Farm

Gully I

Gully 2

- 0.30

0.00

0. 84

0. 81

-llB

May 1974 to
October 1974

+ 0.57

+ 0.68

L.32

1.51

(+)

(-)

IT

+

indicates aggradatlon

lndicates degradation

0.04

0. 3l

+ 0.01

- 0.18

0.04

0. 16

0. 38

0.47



TABLE 15

RATIO OF }MAN GULI,Y SIDE

TIIALT^]EG SLOI'E ANGLE -

Gu1ly

Polonia

Roadsicle

Rosedale

Gully I

Gully 2

Eden Farm

IìLOPE ANGLI TO

iet ¡dutr"""¡

o /er

.r 19

Gully

Gully

3.48

9 .08

I

2

4.44

3.20

3.24

5. 18



ELONGATION

Gullv

Polonia

Roadside

Rosedale

Gul1-y I

Gully 2

Eden Farm

Gully I

Gully 2

TAI]LIÌ 16

RATIO - E (dimensLonless)

E

0, 28

0. 18

0.29

0.27

0.27

0.21_

r.20



Gul1y

PER CENT GRAVEL,

Per Cent
Gravel

Polonla

Roadside

TABLE 17

Rosedale

Gu1ly I

Gul1y 2

6

22

SAND, AND SILT-CLAY

Per Cent
Sand

Eden Farm

Gully I

Gully 2

42

42

B2

69

Per Cent
Silt-Clay

t')1

3B

20

57

57

T2

B

58

72

1

I

4

B



HILLSLOPE ANGLE DIFINED AS

Gully

TABLE ].8

Polonia

Roadside

Rosedale

Gully I

Gul1y 2

PER CENT SLOPE

4,

16. 4

6,7

Eden Farm

Gully 1

Gully 2

L'¿2

13. B

L3. 4

25.2

13.5



TA3LE 19

}MAN NORTII I¡ACING SIDI OF GUI.LY MINUS I"ÍIIAN

SOUTH FACING SIDE 0I GIILLy - 0N - 0S (degrees)

Gu1ly

Polonla

Roadside

May 1973 October 1973

Rosedale

Gully I

Gully 2

8.67

3

Eden Farm

GulJ-y 1

Gully 2

4. 82

10. 3

10. 5

B

l{ay 197 4

| 2'l

- 2.9

o. /b

4. ö)

5.6

- 0.13

1.40

0cEol¡er 19 74

0.5

4.1

3.5

0.6

6.93

16. 10

B. 46

10. 30

0.2

0.9

9.3

4.90



T^ßL[ 20

GULLY STIAPE I'ACTOR

Defined as the mean value of each gu1ly cross-eectlonal shape factor

Gully

Polonia

Roadsfde

Rosedale

Gul1y I

Gu1ly 2

124

Shape Factor

1. 20

1. 16

Eden Farrn

Gu1ly I

Gully 2

1.36

1.28

1.50

1.2L



APPENDIX IV

STATISTICAI ANALYSIS



V

Y

S t.rt:Ls tl.c¿r1 Analysls

Indepenclent Variable

DependenL Varl¿rble

(x-1)
(Y-Y)

â-xlu
lu / N

v

X=

v=
4,2qx

¿2<y

á- *v

I x2 - x lx
â,vz - N xi
á-xv - xá.y

r=F

(

z
X;L

á. ( x - x )2
É-(y-1)2
I (x-1) (Y-v)

¿,

2

z
)
v

= á xy /á*2

1:t 6

= Y-bX

The stanclard error of estimate is an estimate of the scatt,er of
Y - values about rhe regressl-on line, and is expressed as follows:

Coefficient of DeEermination

q
b

Pearsons Correlation Coefficlent

Slope of Regression Llne

The Y - Intercept of the Regression Llne

Central }foments
AbouÈ the Mean

If the scaEter is small, the observed

chance, but a large scaEter of points

(l^Ionnacot t and Wonnacott, 19 70)

trend is not

suggests that

like1y to be due ro

the trend may be due



to chauce. Âlso, 1[ the regr:css.Lon lÍne h¿rs a vcry s;nra1 I sl.ope (bclng

nearly parallel Eo the X - ilxis) tire Lrencl Ís very lvealc erncl may be clue to

chance. Thus the slgnific¿,rnce of a regresslon rnay be c¿rlculated by a

statisËic which varles dlrectly rvlth Ëhc slope of tire regresslon lipe,
and varies ínversely as the amount of scatter decreases.

The signi-ficance 1evel of the regresslon is found by the rela-
tionship of the regression slope to the estinatecl scatter of y - values

about the slope of the regression line Ín the form of:

where: b

q
"B

h

5-
ö

the regression line slope; and

the estírnate of the scatter of the y - values
about the regression line; and

the 1eve1 of significance referred to as the
t - distributlon.

To find the probabilicy of "t,"

ferred to the t - distribuEÍon

responding probabílity of the

no ted.

+-

(iùonnacott ancl Ltonnaco tt , 19 70)

being due to chance,

under n-2 degrees of

relationship being due

the ttttt value ís re-

freedom, and the cor-

t.o chance alone ls



APPENDIX V

DATA PRESENTATION



n-2

degrees of
freedom

TAßi,]] I

STUDiiNTIS IITII CRITICAI POINTS

0. 10

1.533

0. 05

2.L32

r29

ProbabIl-1ty

0. 025

2.776

0. 0l_ 0. 005

3.747 4.604



Independent
Variab le

D

I.I/o

€

EN

ES

ET

F

L

¡t

a

v

vlt
o/e,I

E

%G

%S

"/"s-c
al'

TAllt,[ 2

MìAN GUT,LY I{IDTII AS TTIE DIìPIÌNDIIN]] VAIìIAI]LE

tt ttt value

1.4301

0. 1811

0.6106

0.7026

0. 4B18

-0 .9 424

1.7305

1. 3082

3.97 54

1. 9081

r.3448

1. 5 3s6

1. 2151

-L.4242

-I.79 40

L.7245

1.8513

-0. BL72

Correlatlon
Coc ffi clent

0.7L49

0.0900

0. 3052

0.3512

0. 2408

0.4706

0. 8652

0.6540

0. B0B7

0.9539

0.6723

0.7672

0. 60 75

0.7008

0. 8969

0.8622

0.9244

0.4047

Sfgníflcance Level
AL Or Above 0.10

:l 30

0. 10

0.01

0. l_0

0. 10

0. 10

0. 10

0. t_0



TA]]LE 3

LOGARTTIIM MEAN GULLY I{rDTIt A.s rHE DEp[NDENif Vr\tì.rABLE

Logarlthm
Independent
Vari ab le

D

lJ/o

e

€N

ES

OT

F

L

A

tttttvalue

1.51_08

-0.L277
0.7409

0. 8396

0.6222

-0. 9160

1.8411

1. s65 3

1.7565

L.B4B2

1.1813

L.5704

1.1136

L.2282

-1.5130
L.7823

1.8853

-0. 859 7

Correlation
Coefficlent

a

v

vlt
o/er

E

"Ác

%s

%s-c
ø(

0.7511

0. 0682

0.2722

0. 3508

0.2978

0.4501

0.9177

0. 7Bt3

o ,8779

0.9235

0.9054

0.7847

0. s530

0 .67s9

0. 7555

0 .8779

0.9420

0 .4274

S I gnl fi can ce
At 0r Above

rlt

Level
0. 10

0. 10

0. 10

0. l_0

0. 10

0.10

0. 10

0.10

0. 10

0. 10



TAßLE 4

LINEAR RIICIIESS].ON OF TIIE FOIII,,I

Dependent
Variab le

I^I

I^I

I^I

I^l

I,I

!I

I^I

!I

I,I

Í^I

I^f

t^I

I^I

I^I

l.r

I^¡

I^T

Independent Intercept (a)
Variable

D

w/n

e

ON

ES

8T

.t|

L

A

a

v

vlr
e /st

.g

7"c

"/.s

%s-c

4-

Yoa+bX

0.1710

2.67 43

33.4672

34.2086

32 .7 347

0.2652

7 .9670

-3l-6.7 495

- 26.672L

- 6.2416

- 50.5611

- 0.3752

- 0.0085

0. 3582

7 4. 3L0L

34.8991

- 8.6111

2 3. 6500

1.32

Slope (b)

0. 39 30

- 0.0329

1.0173

L.347 L

0. 6845

- 0.0180

4.1,7L8

B2.57LB

6.6055

2.42s6

11. 7884

0.L422

0. 8301

- 0.0188

- 7.9868

5 .37 37

2.4795

- 0.0152

W = Mean Gully hridth



Logarithm
Dependent
Varfable

TAI]LI 5

POI'IEII FUNCTION OF TII]i FOIìM

I^I

I^I

I4I

I.I

üI

I^I

üI

Logarfthm
Inclependent
Variab le

D

w/n

It

EN

OS

OT

.E

L

A

Intercept (a)

üT

t^I

9I

f^f

I^f

I^I

I"T

f^I

I^I

I^f

I4I

Y=axb

0.3431

2.67 49

28.6550

28.3L39

28.7276

o.sL26

0.9858

t.2894
0.0113

0. 14BB

0. 1Bs9

0.0022

1.1361

0. s612

7 42.2223

38. 85 36

o.oo72

42.4l00

I .ì,1
r.J-)

a

v

vlt
e /et

E

irc

%s

7!s-c

a¿.

Slope (b)

1.0966

-0.0582
0. 1 788

0.2225

0.1377

-0.7LL2
1. 5599

2.52LL

3. 65 40

2. 19 33

4"7324

3.07t7

0. 7BB0

-0 .4768

r.9952
0 .472I
3.6317

-0.6503

W = Mean Gul1y WldEh



Inclependent
Vari¿rbl.e

T^tlLlt 6

I\II.]AN GUI,LY DiiI'TII AS TIIIi DIiPIÌNDI'NT VAI{IABLE

I^l

I'l/l
e

ON

ES

rtI

F

L

ä

a

\t

vlL
e/et

7G

ZS

7"s-c
o(

ttttt value

L.4298

-L.4966
1.64s9

I.7052
1 qqr¿
L' JJLA

0. 005 7

I. 1720

0. 65 37

0. 6081

I.7032
0 .727I
1.9181

0. 7890

-1.3609

-1.0705
0.9707

\.2494
n 1q?o

Corre 1a t í.on
Coe f f icie.nt

0.7L49

0. 7481

o .8229
n aq?Á

0,7762

0. 000 7

0.5860

0.3268

0.3039

0. Bs16

0 ,3634

0.9s84

0 .3944

0.6711

0. 5 346

0. 485 3

0.6246

0.0734

Signlficance Level
At or Above 0.10

I .]4

0. 10

0.10

0. 10

0. 10

0. 10



TAßLE 7

LOGARITIII{ I'IEAN GULI,Y DEI'TII AS

Logarlthm
Independent

Variab le

w

rJl¡

e

€N

ES

OT

F

L

A

a

v
\t,'tL

e /er
E

7.G

%s

7.s-c
o(

ttttt value

r.5180

-I.4L23
L.6361,

1.6653

r.5403

-0. 2051

1.4890

0. 99 39

0.9462

1.8613

L.4599

1. 95 33

0 .8427

-L.2695

-0.7855
L.]-352

L.7r02

-0.0409

TItIÌ DI'PIÌNDIÌN1ì] VARIABI,T]

Correlatfon
Coefficient

0 .7 567

o .6977

0. 8006

0 .8227

0. 7395

0.1000

0 .7 425

0 .4964

0.4817

0.9301

0.7293

0 .97 64

0.4L67

0. 6 306

0. 3911

0.5560

0. 8548

0.0000

SlgnÍ ficance Level
At or Above 0.10

.r 3:t

0. 10

0. 10

0. l0

0. 10

0. 10

0. r0



1]^BLE I

LINE^R RECRISSION 0F TIIE FORM J = a + b X

Dependent
Variable

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

Independent
Varlab le

trl

\t ln
0

EN

gS

ET

l1

L

A

a

v

vlr
o/et

E

7"G

7"5

%S-C

/-..

Intercept (a)

2.59L9

3.6882

27.tgs]-

27 .4908

26.9055

0.L6L2

3. s407

24.0762

0. 3486

1.8336

1. 9138

0. 3431

2.3840

0. 3298

49 .4078

s2.4424

L.74I3
13.6200

r.36

Slope (b)

1. 3006

o .4945

4.9884

s.9477

4. 016 3

0. 0002

5.t402
75.0666

4.5225

3.9392

11.5949

0.3232

0. 9806

0. 0 328

8.6609

5. 5032

3.0444

0.0050



LogarJ-thm
Dependent
Varlab le

TAIILII 9

POI\IER FUNCTION OF TIIE FOIìM

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

Logarithm
Independent
Variable

I.¡

I^]/D

0

EN

OS

ET

-[

L

ö

a

v
vlL

o /er
E

"/"G

i¿s

%s-c

¿-

ïntercept (a)

axb

3. 6s85

3. 4 834

31.3040

32 .38L7

30. 0400

0. 1645

7. 1105

40.2624

1987.0098

L.8767

75 .7 356

0.0358

3.r579
0. 3141

42.6580

s4.8025

0. 5876

14 .0500

137

Slope (b)

0.521-3

-0.4429
0.2673

0. 3036

0.2346

-0.1097
0. 8713

1.1104

1.3883

r. 5200

2.6235

2. 6089

0.4L02

-0.2948

-0.7L45
0. 210 7

2.27t3

-0.021-3



:i'^,\llLE 10

MEAN GULLY SIDE - SLOPI ANGLE AS TIII DEPENDIÌNT

Independent
Variable

f,I

D

lIl¡
EN

0s

OT

F

L

A

a

It

v/t
o/or

F

7"c

"/.s

7"s-c

o(

t'ttt value

0 . 61-06

l-. 6468

-1.6899
L.8497

1. 9910

1. 1052

0.1994

-0. 4451

-0. 4540

0 ,8927

-0. 3665

1.3705

-0. 1335

-0.4897

-0.5366
0.4816

0. 7133

1.0925

Correlatfon
Coeffi cient

0. 3052

0.8229

0.8453

0.9974

0.99s3

0.5479

0.0994

0.2224

0.2269

0.4463

0. 1830

0.6866

0.L679

0. 2 389

0.2681

0.2406

0.3566

0.5462

1:rB

S1-gnÍfícance
At or Above

Level
0. 10

0. 10

0. 10

0.10

0. 10



if^rJLn 11

LOCt\RITllltl Ì'IIÌAN GULLY SIDI - SLOPE 
^NCLE 

AS T]tu

DIPI]NDENT VAIì.IA]]LE

Logari thm
Independent
Variab le

tt

U

ttttt value

w/t

EN

OS

ET

-c

L

A

a

v

v/t
e/er

E

%c

7"s

%s-c
¿.

0. 7418

1. 6360

-L.6970
2.0593

2.0942

0.9633

0.6256

-0. 1789

-0.1258
L.L624

0.4085

L.3979

-2 .O7 45

-0.4470

-0. 3s49

0.669I
1. 1349

1. 0052

Correlatlon
Coef f i cl-ent

0.271.6

0 .7976

0. 7905

0. 8918

0. 8725

0 .4646

0.27L6

0. 0 748

0.0000

0. 5 740

0. 1992

0 .6949

0. 1380

0.0000

0.1303

0. 0 780

0. s640

0 .47 66

J l!)

Significance Level
At or Above 0.10

0. 10

0. 10

0. 10

0. 10

0. l0



ltABt,il 12

LINIAIì REGIUìSSION 0f TilE IrOR]t y = a + b X

Dependent
Variab le

e

e

e

e

0

e

e

€

e

0

0

g

e

0

0

e

0

e

Indepenclent
Variab le

u

\t ln
EN

OS

gT

F

L

A

a

v

vlL
e/0r

L

7G

%s

"/"s-c

o(

Intercept ( a)

2.1546

2.9028

6.1066

2.9342

3.2693

0.0861

10. 3740

490. 15 34

33.256L

5 .6719

55.2155

1.0549

7.4794

0.3247

s6.524L

48.L22T

s .607 3

8.3700

1.40

Slope (b)

0.0916

0.1357

0.0921

L.1426

0. 8496

0.0063

0. 1443

B. 4 319

0. s5 70

0. 3406

0.9642

0.0381

0.0689

0. 0019

0.7l.69

0. 4s04

0.2867

0.00s9



Logarlthm
Depen<lent
Vari¿tb le

TAIìt,E t3

POi^IIÌiì I;UNCTION O].¡ TIIii FOIIM Y

0

e

0

e

e

g

U

e

e

0

0

0

e

e

e

e

e

g

Logarlthm
Inclependent
V¿rriable

w

D

l^I /D

ON

ES

ET

F

L

n

a

\7

vlL
o/et

7G

7"s

%s-c

e<

Intercept (a)

*xb

0. 3383

0. 000 3

857 ,2352

0.6604

1.0807

0.0005

0 .2s67

908.6570

45.9515

0.0002

0. r997

0.0000

16.0879

0.7743

832. 5 302

L6.L622

0. 0000

0.0400

r41

Slope (b)

0.7670

2.4078

1.6002

1. 1306

0. 9602

r.5511

L.L022

0.6022

0.5454

2.8579

2.2L02

s.6193

0.3522

0. 3125

0. 9 715

0. 3806

4. s511

1.s738



TAtlLIl I4

GULLY TALL AS TIIti DIIIIINDINT VARIAI]LB

Independent
Varf ¿rb le

I^l

D

\t lo
0

EN

OS

ET

L

A

a

v

v/t
o/er

E

"/"G

7.5

"/.s-c

o(

tttttvalue

I.7342
1.1719

-0. 1143

0.1994

0.3032

0.0600
1 Aa/ 

^-r.u/oy
L.B2B2

1. 8486

r. 7955

1.8513

1.5208

L.6362

-r.6666
-1.1893
r.0620

L.3219

-0.9181

Correlatlon
Coe fffcient

0.8671

0.5860

0.0565

0.0994

0. 1509

0. 0 300

0. 5 349

0.9141

0.9242

0.8975

0.92s6

0.76L9

0. 8179

0. B0 78

0.5946

0. 5 309

0.6607

0.4606

t.4'¿

Signlficance Level
At or Àbove 0.10

0.10

0. l0

0. l0

0. 10

0.10

0. 10

0. 10



LogarÍthm
Independent
Variable

LOCARITIIM CULLY

ft

D

\t /n
U

ON

OS

ET

L

A

a

v

vlt
e /e.r

7"C

7"s

%s-c
o<

TAI]I.E 15

ttttt value

FALL AS TIIE DEPENDIiNT VARIAI]LE

L.8452

L.4902

-0.26L2

0.6262

0 .7 379

a .4957

-1.0083
L.75L4

1.7034

1. B1B0

1.9133

L.6247

L.26L2

-L.5673
-1.0s98
1.3141

L.7002

-0 . 9 381-

Correlation
Coeffícient

0.9180

o .7 424

0. 1187

0.2789

0. 3586

0.L749

0. 5026

0.87s2

0. 85L3

0. 9085

0.9564

0. B1t9

0.6296

0. 7788

0. s286

0.6404

0 .8497

0.4658

r.4 3

Sfgntficance Level
At or Above 0.10

0. 10

0. 10

0. 10

0. 10

0. 10

0. 10

0. t0



TAI}LE 16

LINEAR RI1GIìESSION OT' TIIU iTOR}f

Indepenclent
Varlable

DependenL
Variab le

F

F

T

F

F

I

F

F

¡

F

F

F

F

F

F

r

F

F

I^l

nu

lÙ/l

€

gN

€S

OT

L

A

a

v

vlt
o/ot

E

,%G

7S

"ÁS-C

4

Y=a+bX

Intercept (a)

3. 020 7

1. 3613

2.s540

38.2L76

40.0343

36 .3943

0.2290

-225 .4926

- L3.7994

0.L260

- 36.7r2L

- 0.0253

1.0517

0 .3222

4s.9559

54 . BL94

- 0.2247

20.2300

J TIII

Slope (b)

0. 1736

0.0668

- 0.0043

0.0689

0.L202

0.0177

- 0.0042

23.9325

L. s67 3

0 .47 33

3.3656

0.0292

0.23l-7

- 0.0045

- 1.0981

0. 686 3

0.3671

- 0.0034



TA.RLE 17

POWER IIIINCTION OF TIIIi FOIW y = a Xb

LogarÍthm
Dependent
Varlable

F

.r

F

F

F

F

u

Ia

F

F

F

F

.tr'

-t|

F

F

.E

.tl

Logarlthm
Independent
Variab le

I^l

D

rJll
0

ON

ES

ET

L

A

a

v

vlL
0/er

E

,%G

1¿s

7.s-c

a¿"

Intercept (a)

L.3204

0. 4 100

2.9181

30. 75 39

30.5633

30. 6549

0.5161_

1.1487

22.9668

0.2210

0. 25 35

0.002L

L.0827

0. 5640

2ls .0800

37.3078

0.0214

0.4219

| /,\

Slope ( b)

0. s40 7

0. 6 3s9

0.0700

0.0888

0. 1149

0.0645

0. 4606

L.6679

2.09L9

r.2657

2.934L

1. 85 34

0.5257

0. 3092

0. 82 35

0.2083

r. 9 345

0.4L7L



APPENDIX VI

REGRESSION PLOTS
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