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ABSTRJ\CT

Ptanning of land and water related activities on a

watershed basis has become an extremely complex task in

Canada. with present concern about the physical degradation

of the environment and growing demand for agricultural com-

modities, it is essential that watershed planning be an

orderly process so that the gualíty of the envj.ronment is

maintained and adequate level-s of production are achieved.

This study analyzes rainstorm runoff' soiJ- erosion,

associated water problems and the socio-economic conditions

of residents of Eden creek watershed in Manítoba. In examin-

ing these problems the st.udy assessed relationshiPs between

the welfare of residents and their methods of resource

management. Age of the farm operator and the leveÌ of educa-

tion appear to affect the way in which the operator manages

farm resources. older operaÈors with fow education levels

lack the incentives and skill.s to make appropriate use of their

farms. over time, this has resulted in excessive soil erosion

and low farm incomes. Limited opportunities for entry into

agricultural and other forrns of emplolment have also resufted

in migration of watershed resídents.

Farm budgets were prepared to determine if rearrangement

of farm resources on three hypothetical farms was economical-ly

viable. The study showed that, in aÌI three cases, rearrange-

ment increased net farm returns.

Recommendations are proposed which would improve farm

income. These also indicate the need for further hydrological in-

for¡ration and changes i¡ land-use patterns to reduce ru¡roff and soil erosion.
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Glossãry of Terms

Antecedent Moisture Condition - the soÍI moisture condition
created by a specified amount of rainfall in
five days preceding a flood event. The initially
dry condition is Ã-t'lc r ' average condition is
Àl4C II, and initially wet conditions is Al4C III.

Curve Number (CN) - a number between 0 and 100 which indicates
the runoff producing potential of a soil/Iand
use combination when the ground is not frozen.

Design Storm - a specified amount of storm rainfal-l.

Direct Runoff - runoff which enters a strean channel during
or soon after a storm as a result of surface or
rapid sub-surface flow.

HU - acron)¡m for Hydroj-ogj-cal Unit.

Hydrologicat Soil Group - a classificaÈion of a soil on the
basis of its perneabitity after prior wetting
and swelling of the soiI.

SCS - acronym for Soí1 Conservation Service.

Time to Base - the time from the start to the end of runoff
from a storm event.

Time of Conc.entration (Tc) - the time taken for storm runoff to
travel from the farthest point of the basin to
the site in question, the farthest point being
determined on the basis of travel time and not
necessarily dÍstance.

USL,E - acronym for Universal Soil Loss Equation.

Watershed - the area of land drained above a given point
on a sÈream, also termed drainage basin or
catchment area.
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CHAPTER ]-

TNTRODUCTION

1.1 Study Area

The Eden Creek watershed is Located on the northwestern

edge of the whitemud River Watershed Conservation District,
in townships 16 and 17, ranges 15 and 16 Vf (Fig. 1-1). The

watershed is approximately 4575 ha (l-1,300 ac) in size,with
headwaters in and adjacent to the Riding Mountain National

Park . 
1

The watershed lies in a region characterized by high

summer temperatures and l-ow winter temperatures. Approximate-

Iy 80 percent of the precipitation fa1ls as rain during April
to October and about 20 percent as snov¿ from November to

March. The average length of frost-free period ranges from

95 to 130 days. Natural vegetation in the watershed is
mostly coni ferous-mixed wood, broad-leaf forest with some

interspersÍon of aspen groves and grassland.

Most of Eden Creek watershed is occupied by Gray luvisol
soil-s, developed from shal.ey parent material during the

Upper Cretaceous period (Fig. 1-2) . The land is predoninantly

used for agriculÈure with over 75 percent of the Land under

cultivation (Fig. 1-3). The main crops include smal1 grains

(wheat, oats, barley and rye), al-faJ-fa and tame hay.

Iwh"t..r.r appropriate, measurements will be given in both
metric and British units.
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I.2 Problem Statement

Loss of vegetation and the increase in runoff resultíng
in erosion, gullying, sedímentation and fLash fl-ooding are

serious management probJ-ems in watersheds. These problems

are especially common in agricultural areas, both within and

outside the whitemud River Watershed Conservation District
where there Ís no adequate protection of soil from erosion

(F'ig. 1-4). In the Eden Creek r,¡atershed, only 15 percent of

the land is in brush or unimproved state. As a result of the

removal of vegetation, soi.I erosion by uncontrolLed runoff

has had a serious effect on productivity of the land base

with subsequent deposition and silt.ation in channels within
the watershed.

Surface water problems such as erosion, flash fJ-ooding

and water ponding on poorly drained land have occured regu-

1arIy whenever Èhere are large su¡nmer rainstorns (llanitoba

DepartmenÈ of Mines, Resources and Environmental Management,
')

1974). " These problems seem to be influenced by:

(l) Topography - In generaL there is a wide range
of elevation over a relatively short distance
(Fig. 1-5). At the highest point of the
watershed, elevation is 671 m (2200 ft)
above sea 1eveI, whereas 5 km (3 mi) to the
east it declines to about 610 m (2,000 ft).
At the lower end of the watershed elevation
is further reduced to 381 m (1,250 ft)
above sea 1eveI.

2the department name was changed to Department of
Natural Resources as of January, 1980.
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(2') Precipitation - Annual precipitation in Èhê
10th percentile ranges is estimat.ed from
381 to 406 mm (15 to L6 in) in Eden creek
Watershed, whereas elsev¡here in the White-
mud River l,latershed Conservation Di-sÈrict
it varies from 330 to 356 mm (13 to 14
in) . Ànnual precipitaÈion in the 90th
percentile ranges is estimated at 635 to 660
mm (25 to 26 in) in Eden creek r.¿atershed
compared to a range of 538 to 635 (21- to
25 in) for the rest of the Whitemud River
Watershed Conservation District. (Fig. l--6).

(3) Runoff - Compared with basin situations
runoff within Eden Creek Watershed is
much more Íntense.

Directly related to the physical environmental problems

are the socio-economic conditions of Eden Creek residents.

Generally, development of services in ruraL Manitoba are of

a substanti.ally lower quality when compared to urban areas.

Migration of popuJ.ation from rural areas to large urban cen-

tres where there are more jobs and education opportunities

has largely contributed to reduction of tax revenues and con-

seguently Èhe reduction of rural servi.ces (Province of

Manitoba, l-973) .

In Eden Creek watershed the lack of a comprehensive

deveLopment plan has resulted in a steady decline of water-

shed population. In 1974, the Department of Mines, Resources

and Environmental Management identified the foflowing trends

within the watershed:

(1) watershed depopulation - Since l-97L, Èhere
has been a steady decline in population.
From 1971 to 1976, the h'atêrshed population
has decl-ined by 16 percent (Statistics Canada,
1976, unpublished data) .

(21 Age of watershed population - A large pro-
portion of families have a household head
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in the older age. group' over 55 years of age'

Farm size and crop yields - Farms are
smal-Ier between 6E ãnd 130 ha (160 to 320
ac) when compared to the rest of Agro-
Manítoba , f^ :-977 average yieLd for wheat
was 1485 kg,/ha within the v¡alershed as
compared Eo 2123 kg/ha for Agro-¡fanitoba.

Income and education levels - Family incomes
are much lower ($5,534) when compared with
the rest of Agro-¡lanitoba ($8'786). About
49 percent of the population 15 years and over
had less than grade 9, including some
with no kindergarten or no school.

1.3 objectives

The means by which continuing ileveJ-opment of resources

coutd be reconciled with the need to sustain the physical en-

vironmental íntegrity of the resource base is important in

watershed planning. The primary objective of the study then,

is to explore how present and aLternaÈive land-use Practices

could be balanced with the maintenance of long term soil

productivity and farmÍng income, while reducing runoff'

The sub-objectives of the study are 3

(1) To estimate the amount of runoff and soil
erosion from summe r rainstorms under existing
and proposed l-and-use practices '

(21 To determine how socio-economic characteris-
tics of Eden Creek watershed resi-dents
affect resource use.

(3) To devel-oP a hypothetical farm plan to
enhance tñe development of Eden creek's
land and v¡ater resources.

(3)

(41
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1.4 Research Methods

A combinatíon of methods was applied to achieve the

objectives of this study. The Soil- Conservation Service

(SCS) procedure and the Universat Soil Loss Equatíon (USLE)

were used to estimate runoff and soil loss respectively.3

Detailed information concerníng land use, cultivation prac-

tices, crop rotation system, soil properties and slope,/length

required for the appJ-ication of both methods were obtaíned

by a combination of on-site evaluation, laboratory analysis

and aerial- photographic interpretation.
The SCS equation is expressed as follows:

- _ (P - ra)2

,"t. - t)

Where :

R = estimated runoff

Ia = inítial abstraction of moisture by soil
g = potential maximum moisture of soil
P = precipitation of storm

2
'For a more deÈailed explanation of the SCS procedure and the
USLE, see Appendix A and B,
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The USLE is given as:

A = RKLSCP

f{here:

A = average annual soil loss

R = raínfalL factor

K = soil erodibility factor
L = slope gradient factor

c = cropping and management factor

P = conservation practices

Statistics Canada provided most of the information for

income and demographic anal.ysís. Most was in the form of un-

published data on the basis of enumeration areas. For compara-

tive purposes the Eden Creek data was compared with Manitoba

averages.

To develop a hypothetical farm pl-an for Eden Creek

watershed, three different farm sizes were analyzed under

various farm management practices using a budget simulation

model designed for Agro-Manitoba by the Department of Agri-
cultural- Economics and Farm luanagement, University of Manitoba.

This particular model employs a producer's physical input

daÈa, that is, land inventory, machinery inventory and manage-

ment practices together with average pricing techniques to

arrive at a cost and return account for each crop produced.

A total cost/return su¡nmary is computed and a total cost per

ha summary is also printed.
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1.5 Linitations
Às a resuLt of Èime constrainÈs, the problems specified

in section 1.2 wii.l only be guantified for those areas as

outlined by the four hydrological boundaries (Fig. 1-1) ,

During the fieLd season runoff gauges were placed at
two locations to record actual runoff so Èhat a comparison

could be made with the resul-ts obtained by the application
of the estimated runoff procedure. Since a storm event of

sufficient magnitude did not occur, the runoff analysis was

based on the estimated procedure only.

Due t,o limited hydroJ-ogical records for Eden Creek,

much of the information r,¿as extrapolated from Wilson creek

watershed. The two watersheds are similar' in size, relief
and geology and are approximat,ely 25 km (16 mi) apart.

The information obtained from statistics Canada for
socio-economic analysis was based on enumeration boundaries

as defined by Census Canada and these boundaries are not the

same as those for Eden Creek. However, the information does

not invalidate Èhe results of the sÈudy.

Although the appropriate application of farm budgets

used in this study is for static and short term problems,

the results can still be useful- to farm operators if farm

ínputs and outputs are adjusted to reflect changing physical

and economic conditi.ons.

Despite the limitations noted, Èhe methods and data used

were sufficiently accurate to enable formuLation and analysis

of various trends wíthin the watershed and the preparation
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of development plans.

1.6 Organization of the Study

The examination of Èhe environmental_ and soci.o-economic

problems wiÈhin Eden Creek watershed are presented in
the following sections. Châpters 2 and 3 present resuLts

and general background information regarding runoff, erosion
and socio-economic characteristics.

Chapter 4 analyzes and integrates the results pre-

sent.ed in chapters 2 and 3.

Chapter 5 discusses alternative sol-utions. This chapter
consisÈs of two parts ! (1) an overvj-ew of land-use changes

in the United States and its effects on runoff,erosion and

farm income, (2) the effects of land-use changes within
Eden Creek watershed on runoff, erosion and farm jncome.

Chapter 6 provides Èhe summary, findings and recommenda-

tions of Èhe study.



CHAPTER 2

RUNOFF, SOTL ],OSS AND ASSOCIATED
PROB],EMS IN EDEN CREEK WATERSHED

In the Eden Creek watershed, lack of natural vegetative

cover and intense surnme r rainstorms are conducive to rapid

runoff, resulti.ng in peak discharges j.n excess of natural

channel capacity. As a result, i"/ater related land-use problems

are common,

Soils within the watershed are particularJ.y susceptible

to erosion by water due to the sloping and irregular topography

(Appendix C). Loss of soil through sheet and gully erosion

are major problems and an estimated soil loss of 20 L/ha/yr
is not uncoÍunon. This excessive erosion results in sediment

deposition in drainage channels necessitating a costly dredging

and maÍntenance program, Generally, oÈher potential effects of
soil loss by erosion are:

(1) Loss in crop production potential.
(2) Loss of nuÈrients needed for crop production.

(3) Reduction in quality of crop produced.

(4) Reduction of the ínfiltration rate and
waterhoLding capacity of the soil,

(5) Deterioration in soil structure.
(6) Loss of cropland by gullies and stream

bank erosion.
(71 Division of fields by gu11ies.

(8) Reduced income from the land which in turn
results in decreased land values.
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2.L wâtershed Precípitation

In order to estimate runo ff, precipitation records for

a long period of time are necessary. Since precipitation

records for Eden creek watershed vrere limited to tv¿o years

and were insufficient to carry out any hydrological analysis 
'

precipitation data from Wilson Creek wat.ershed were used to

estinate runoff. The two watersheds are similar in topo-

graphic and geoj-ogic features. The only major difference

between the two watersheds is that Wilson Creek is covered

by virgin foresÈ, whereas most of the natural vegetation has

been removed from Eden Creek to accommodate the expansion of

agriculture.
Table 2-1 indicates that preci.pitation at Eden creek

for 1978 and l-979 is simílar to that of wilson Creek for

the same period. This does not prove that the two watersheds

have similar rainfall- dístribution. A longer period of precr-

pitation records is necessary to. establish that point. However,

all evidence seems to indicate that this may be the case.l

The topographic anomal-y of Riding Mountain escarpment,

along \"rhich Eden Creek watershed is located causes radicaL

changes in precipitation patterns. Generally' combined ef-

fects of orographic lifting of moist air and strong frontal

lifting result in a significantly greaÈer number of severe

lPersonal conmunication,
creek watershed Pro j ect,
Environment , 1979 .

J. Thomlinson, Manager r Wilson
Department of Mines, Resources and



May

V{ilson
Eden Creek

L97A 95 43
(3.7s) (1.68)

L979 74 79
(2-e2l (3.10)

Table 2-l

Comparison of Precipitation at
Eden Creek and $lilson creek

During Srmmers, 1978 and 1979
nn (in)

June

Eden

Source: Deparûnent of Mines, Resources and Environrnent 1978 to 1979 (unpubtished data).

llilson
creek

37 59 61 65
(L-44) (2.3t) (2.4O) (2.s71

24 40 35 47
(o.es) (1.s8) ( 1.3e ) (1.85)

July

Eden
l'tilson
Creek

Augllrst

Eden
!ùilson
Creek

33 34 t.26
(1.31) (r.3s) (4.971

19 37 46
(0 -73) (1.4s) (1.81)

Septenber

Wilson
creek

1.61 352 362
(6.3s) (13.87) (14 - 28)

50 198 253
(1.e8) (7.80) (9.96)

TotaI

Eden
wilson
creek

I

H
-J

I



- 18 -

thunderstorms and also prolonged heavy precipitation
(Gray 1973). As a result, these storms are expected Èo

be more vigorous and intense than in other locations in
Manitoba.

2.2 Runoff

Rainfall runoff can be divided into three major compo-

nents. Surface runoff includes that part of runoff which

travels over the soil surface to Èhe nearest channel, Storm

seepage or interflor,,¡ is t.hat part of runoff which infiltrates
into the soil- to a relatively impermeable layer and as a

result, spreads out and flows laterally a short distance

bel-ow the soil surface towards a stream. Ground water runoff
is runoff that percolates through the soil mantle to the

ground wat.er table and is eventually discharged in a stream.

2.2.I Estimated Runoff Measurements

The SCS procedure was used Èo estímate runoff and peak

discharges in Eden Creek Watershed.2 As required by the SCS

method, it was assumed that 127 m (S.01 in) of precipitatíon
fel-I in 24 hours with a return period of 10 years

(Pf O 24 hrs/127 trm.) . The hydrological soil- group v¡as assumed

to belong to the C cLassifícation, that is, the soils of
Eden Creek were characterized as havj.ng slow infiltraÈion

2Described in more detail in AppenCix A.
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and transmission rates.

Weighted curve numbers (CN) required as input to the

ScS model were calculated for each HU under the existing land-

use pattern. The antecedent moisture condition prior to the

storm was assumed to be moderately v,¡e t (varies from 3.55 cm

to 5 .33 cm) .

Peak díscharges for .the four ltu*'s $ere esti¡nated at 2I m3/s (740 cfs) ,

')â')
28 m'/s (1000 cfs), 31 m'ls (1080 cfs), and 24 m"/s (850 cfs) ,

respectively (Table 2-2). Weighted runoff for the HU¡s

combined is equivalent to 78 mm (3.08 in).

2,3 Erosion

Soii- erosion as a process involves detachment of soil
particles from soil- structure and transport of particLes to

another l-ocation. Energy for this process is provided by

runoff as it flows over the land surface. Erosion within

Eden Creek watershed may be classified as sheet and rilL
erosion of cultivated and pasturelands, gul1y erosion in
upland drainage ways and channel erosion of the naín stream.

Sheet erosion on cropland is primariJ-y due to improper

methods of cultivation. This type of erosion process resul-ts

in uniform removal of soil particLes, organic matter and

soluble nutrients from the land, as a resuft of raindrop

splash and surface runoff. Thus, this process is a serious

detriment to maintenance of soil fertiLity and productj-vity.

Impact of raindrops breaks the soil into smaLl-er particles

and Èhe splash action may carry these particl-es some distance

away from the initial point of impact. As rainfall rate



HU

Drainage
Area

ha (ac)

TabLe 2-2

Runoff and Peak Discharge Estimates
for Edlen Creek Watershed, L979

502
(L,24L'

755
( 1,8s6)

866
(2,139)

427
(r,os6)

Time of
Coficen-
tration

hrCN

largest
Flow length Àverage
Eden Creek Slope

m (ft) È

80

1.9

2.3

2-a

1.8

4 ,528
(14,8s6)

9, 938
(t6,L92)

7,628
(25,O25)

6,643
(2t.7951

Peak
Runoff Discharge
nun (in) n3ls (cfs)

(3.07)

76
(2.98)

( 3 .07)

81
(3.r7)

TO

2I
(7 40)

28
(r,000)

31
(1, 080 )

24
(850)

Time Time
to to

Peak Base
hr hr

3 .78 10.09

4 -4e tI .96

4 -94 13.19

3 .84 10.25

I

\)o
I
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exceeds infiltration rate, surface runoff begins. Detach-

ment and transport by raindrop impact and surface runoff

constiÈute sheeÈ erosion. Since soil loss is uniform,

sheet erosion may go unnoticed.

Ri11 erosion occurs when runoff begins to concentrate

along paths of least resistance. The erosive force of flow

exceeds the resistance of soil structure and results in
formatíon of smal1 shallow channels or ri1ls. Since Èhese

ril1s are obliteråted with normal tillage operatÍons, this
type of erosíon may go unnoÈiced until serious damage t.o

productivity has resulted.

As riII erosion progresses, it can Èurn into gully ero-

síon. In Eden Creek Watershed, gully erosion is one of the

most severe J-and management problems. Soil loss associated

with an advancing gu1Iy can be due to scouring by flowing

r.¡ater and wet-dry and/or freeze-thar,¿ cycles, which then results
in sloughing of gulj-y banks. Vlithin the watershed, gullies
often vary from 3 m (10 ft) to 6 m (20 ft) in depth and

63.7 m (70 yds) to 91 m (100 yds) in length. As a result of
gulJ-ying, considerabJ-e J-and is lost from production. Moreover,

J.arge gullies prevent farmers from gaining access to their
fields and in some cases, can result in damage Èo farm equip-

ment.

Erosion on the main stream results primarily in channel

deepening and widening. This is especially promÍnent along

lower reaches of Eden Creek. Channel erosion is simiLar to
gully erosion except the flow of water persists longer in the
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channel fol-ì.owing a rainfall . Flowing v¡ater usually cuts Ínto

the bank below the water l.evel over a period of time and

finally undermining it to the extent that it will cave in or

slide inÈo the stream bed. The tendency of streams to meander

increases stream channel erosion and results in some cases

in appreciable loss of land.

2.3 .I Soil Loss Estimates

Estimation of soil loss from water erosion for Eden

Creek watershed was determined by the use of the Universal Soil

Loss Equation (Appendix B) . Soil loss toferance leve1s withín

Eden Creek watershed were assumed to be 0.9 L/ha for soil-s of

the cranville Association and 1.8 È,/ha for the Clarksvj.lle and
t

wapus Associations.' Establishment of tol-erance Levels within

the wat.ershed were based upon soil properÈies, soil depth,

topography and prior erosion. The difference in tolerance leveIs

for soils within the Eden creek watershed is due to Èhe high

shale content found in the soil profile for the Wapus and Clarks-

vi1le Associations.

The gross annuaL soil foss for Eden creek watershed was

estimated at 483,299 t (Table 2-3) . Approximately 40 percent

of the Èotal area culÈivated within the watershed was above the

maximum soil loss tolerance leve1 under 1979 land-use conditions.

The annual soil loss from these fields was estimated at 138r189 t
and the average soil loss per hectare was estimated at 3.08 t.

3Soí1 1o"" tolerance is the amount of soil that can be lost from
a field (in L/ha/yr) so that a high leve1 of producÈivity can
still- be maintained over a Long period of time.



Table 2-3

Estimated .Annual SoiI Loss 
1For Eden Creek !'Iatershecl, l-979-

Total Area in
Total- Cultivatecl Fiel-ds

Area in Above the Maxímum Total Average
Cultivated Soil Loss '.Ilolerance Soí1 Loss t,/yr

Fie1ds Level For Cul-tivated
ha (ac) ha (ac) Fields

r,549

(3,828)

631

(1,559)

lThe calculations used to derive the estimated soil toss for Eden
Creek h¡ere based on the English system of weights and measures. Val-ues
for A and T !'/ere then converted to metric equivafents.

483,288

Average Soil
Loss t,/yr
For Fiel¿ls

Above Maximum
Soil Loss

Tolerance Level

138 ,189

I

N

I
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2.4 Flooding

Flgure 2-1, indicates areas within the watershed that
have been subjected to fJ.ooding. Most of the flooding occurs
around the village of Eden at the lov¡er end of the $ratershed.
Although there are no guantifiabl-e cost estimates for flood
damages, locaL residents had reported that flash floods,
which usually occur after a heavy rainstorm, result in crop
damage, make it impossible to operate farm equipment on the
1and, destroy roads and bridges and cause 1oss of soiL.
All of these effects lead to i-nconvenience and loss of income

for area residents.

2.5 Sedimentation

Sedimentation in the vratershed j.nvolves two basic pro-
cessesi movement of shaLe downsÈream by i,r'ater action and

carryíng of silt suspended in r,¡ater. Most of the sediment

is deposited in drainage channels and al-ong edges of curtivated
fields. Sedinent deposition in channels often compounds flood
probJ-ems by bJ-ocking wat.er f1ow, therefore causing fJ.ood

water to spread across fields more than it normally would.

While effects of sedimentation have not been thoroughly
ínvestigated within the Eden Creek r^ratershed some of the prob-
lems are obvious. Following a heavy storm runoff,stream
channels are often filj-ed with mud which smothers vegetation
and is aesthetically unpJ_easing. Sediment deposits in fieLds
adjacent Èo main channels alter soil structure and nutrient
content, causing deÈerioration of crops and increasing har-
vesting and equipment maintenance costs. Sedimentation of
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natural field drains inhibits surface water runoff from cul-
tivated fíel.ds and results in costly dredgÍng operations.

fn the Wilson Creek Watershed, analysis has shown that
an average of 11530 m3 of material is moved annually (canada

Department of Fisheries and Environment, I976t. Average

annual suspended sediment yield for the same watershed be-

tween i.962 and 1975 was estimated to be just over 10,000 t.



CHAPTER 3

SOCIO-ECONOMIC CHARACTERTSTICS OF EDEN
CREEK WATERSHED

Settlement wíthin Eden Creek watershed by farmers was

influenced by the availability of wood on the sJ.opes of the

RÍding Mountain escarPment. As we1f, most of the fertile land

elsewhere in Manitoba had already been cfaimed by earlier

settlers.
Agriculture is the primary economic activity within

Eden Creek watershed. Generally, crop yields and farming income

are low as compared with the rest of Agro-ManÍtoba. As a

result, rnaly fa::rers seek off-farm !Ðrk to suppleÍEnt their incqre.

The reduction of the watershed popuJ-ation within Eden

Creek watershed became significant after 1961 . Similar trends

Here also reported for other farming communities in Manitoba.

Approximately 1,òOO families leave farming each year in search

of better jobs and educational opportunities (Province of Mani-

toba, 1973). In addition, most of the population that migrate

from these conmunities are younger and better educated, thus

leaving a large proportion of the remaining popul-ation in the

older age group cl assi ficatíons .

3.1 Demographic CharacterisÈics

Since 1961, excePt for the period between 1966 and l-971'

there has been steady decline in population in the Eden Creek

watershed (Table 3-1). Since 1971, population has declined by

16 percent. This is approximately conparable to provincial

averages, as the l{anitoba farm populaÈion declined by 22 percent

from 19 7l to 1976.
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Tabl-e 3 -1

Population of Eden Creek Watershed (1961 - I976)

Percentage
Change from

Year Mafe Femal-e Tota1 Previous Census

1961 475 406 8S1

L966 380 437 8I7 - 7

I97I 540 460 1,000 18

1976 455 390 845 - 16

Source: Statistics Canada 1961 to 1976 (unpubl_ished
data) . Based upon enumeration areas approxi-
mating watershed boundaries. Enumeration areas
for 1971- and 1976 were different from those
of l- 9 6l- and 1966.
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It was not possible to obtaín precise population estimates

for Eden Creek watershed. Populatíon data in Table 3-1 was

based upon enumeration areas, the smallest geographical units
empJ.oyed by Statistics Canada. The increase in population

between 1966 and 1971 was most lÍkely due to changes in enumera-

tion boundaries. Therefore, the changes in population numbers

over the years are not directly comparable, hor^¡ever, general

depopulation trends within the watershed can sti1l be observed.

Table 3-2, shot¡s Èhe watershed population by age and sex

for 1971 and 1976.1 In L971 , 49 percenÈ of the populatj.on were

between the ages of l-5 and 54. In !976, the population within
this age group was 46 percent, a reduction of 3 percent.

The village of Eden¡ the maín trading centre in the

watershed, has shor,¡n a significant reduction in population

(Table 3-3) from L8i- in l-951 to 106 in l-976. Over the years,

some of its commercial enterprises have been closed, including

its only grain elevator.

1"a11 tigures from Statistics canada have been subjected to
a confidentiality procedure to prevent the possibility of
associating sma11 figures with an identifiabi-e individual .
The partícular technique used is known as "random rounding".
Under this method, all last or "unit" digits in a table
(including all totals) are randomly rounded (either up or
down) to norr or r'5't, This technique provides the strongest
possible protection against dírect, residual or negative
disclosures without addíng any significant error to the
census data. However, since totals are independently rounded
they do not necessarily equal- the sum of individuaf rounded
figures in distributions. Al-so, minor differences can be
expected for corresponding totals and cell values in various
tabulationsr'. (StatisÈics Canada, 1976, unpubLished data).



Year
L97r 0-4

Male 45 55

Female 25 30

Total 65 80

lable 3-2

Eden Creek lfatershed Population by Age and Sex (L97I - 1976,

5-9 10-14 15-19

Year
r97 6

Male 35

Female 30

Total 65

65

60

125

Source: Statístics Canad.a 1971 and 1976 (unpublished ¿lata) .

60

50

110

35

35

70

20-24 25-34 35-44

70

60

130

25

20

45

45

45

95

45

40

80

50

55

lI0

25

20

35

45-54 55-64 65-'10

65

55

L25

50

40

85

60

60

720

50

40

95

25

25

45

45

55

95

70+

45

35

75

50 20

40 15

95 35

30

15

45

I

o
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Table 3-3

Population of the ViJ.J-age of Eden (1941 - 1976)

Percentage
Year Total Change (from 1951)

1941 I47

1951 188 22

1961 ]-46 -22

1966 r40 - 4

L97t 108 -23

1976 106 - 2

Source: Statístics canada 1941 to 1976
(unpublished data).
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3.1.1 Age of Family Head

The watershed population has a large proportion of

families with a head in the older age group classificalions

(Tab1e 3-4). In 1976, of the total househol-d heads, 67 per-

cent were over 45 yeats oid ard 47 percent \,ære over 55 years.

Although it was not possible to compare age of family

head with the rest of Agro-Manitoba, Swanson (1974) reported

that the proportion of familíes with a head over 55 years

in the Whitemud River Conservation Ðístrict was much higher

than the rest of Manitoba.

3.I .2 Education

The level of education of Eden creek watershed resident.s

is rel-atively 1ow conpared with the rest of the province.

Table 3-5 shov¿s that 49 percent of the popul-ation 15 years and

over had less than grade 9 including no kindergarten ol no

school . This 1evel compares wíth 35 Percent for the rest of

Manitoba as a whole (statistics canada, 1976, wtpublished data).

fn 1976, 10 percent of the population had attended post-

secondary schools, including non-university schools. Approxi-

mately 69 percent of those attending Post-secondary schools

graduated with a dipJ-oma or degree.

TabLe 3-6 indicates that the Levels of education

for husbands and wives in a household are 'low' About 53 percent

had Less than grade 9 including no kindergarten or no school,

and very few had any advanced education.



Year
197t
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TabLe 3-4

Household Heads by Age and Sex (197I - 1976) ,
Eden Creek wâtershed

15-24 25-34 35-44 45-54 55-64 65+

Ma 1e

Female

Tot.a1

Year
t97 6

Mal e

Female

Tota I

60

10

IU

5

-

5

50 55

55
55 60

30

30

45

45

65

65

20

70

15

15

35

35

35

5

40

45

25

70

Source: Statistics Canada 1971 and 1976 (unpublished data).



Less than
crade 9
Including
No Kinder-
garten or
No School

MaIe L1O

Female 150

Total 32O

Tal¡le 3-5

Population 15 Years and Over by Level of
Schooling and Sex (1976), Eden Creek !,Iatershed

t1-r2
Vlithout
school
Certi-

9-Ì0 ficate

Source: Statistics Canada (unpu.blishecl data).

LL-12
vrith
School
Certi-
ficate

50

145 r00

Post-Second-
arynon-Uni- Post-Second-
versity v¡ith ary non-Uni- Uni-
out Certifi- versity with versity

cate or Certificate Without
Diploma or Diploma Degree

50

20

t0

30

10

l0

20

t0

University Uni-
With Certi- versity
ficate or h'ith

Diplorna Degree

IO

I

I

10



Table 3-6

Levels of Education of Ìiusbands and l¡lives in a
Household by Leve1 of Schooling and Sex (1976), Eden Creek Watetshed

Les than
Grade 9 11-12
Including Without
No Kinder- School
garten or certi-
No School 9-10 ficate

Male 95

Fenale LzO

Total 2I5

Source: Statistics Canadâ 1976, (unpublished data).

30

35

65

Post-Second-
IL-L2 ary non-Uni-
!,¡ith versity lvith
School out Certifi-
Certi- cate or
ficate Diplona

30

25

55

5

15

Þost-Second-
ary non-Uni- Uni- University Uni-
versity \dith versity with Certi- versity
Certificate without ficate or r,rith
or Diploma Degree Diplona Degree

10

0

10

20

10

30

IO

0

IO

5

5

IO

I

ul
I

5

0

5



-36-

3.2 Econorhic Characteristics

The major source of income for Eden Creek residents

is from agricuJ.ture. Presently, the land is used primarily

for crop production. The major crops produced are rapeseed,

wheat¡ oats, barley and tame hay. Figure 3-1 outLines pre-

sent land-use on the basis of four categories, namely:

cropland, improved pasture, rough grazing and rangeJ-and and

woodJ-ands.

Soils within the watershed have moderate to moderately

severe l-imitations that restrict the range of crops that can

be grown, unless special conservation practices are undertaken

( ! r.gure 3-z ) .

3.2.I Incomes

Average total income for farmers in Eden Creek watershed

and vicinity is much lower than the Manitoba average (Tabl-e
)

3-7) .- For instance in L977, the average total- net íncrne from farn

and off-farm sources for a¡ea far¡rers was $5,534 ccrpared with .S81768 for

l4anitoba as a who1e. ¡Tc[n 1971 tþ 1977, incc¡res in the Eden Creek

watershed and vicinity have averaged 60 percent of provincial

values. These lower incomes could be indicative of the poorer

soil base in the area.

Off-farm work is a greater sourcé of income than net

farm sources for Eden Creek residents, averaging 61 percent

2_-Income estimates were obtained from Statistics Canada, based
upon personal income tax files for farmers who gave Èheir address
as Eden and seven other post offices ín the near vicinity,
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Table 3-7

Average Farm Income for the Eden Creek Vicinityl and Manitoba (Lg7l to Ig77)

Average Farm
Number of Farms cross ($)

Year

Eden
Creek
vici-
nity Manitoba

1971 330 3A,72O 7,449 I2,6AL

L9't2 335 39,250 9,085 15,930

L973 335 4O,O7O 11,848 33,545

1974 32O 4O,23O 14,103 39,737

L975 335 4I,395 16,880 42,582

1976 325 4L,395 16,794 44,A57

1977 315 41,355 17,381 23.252

Eden
Creek
Vici-
nity

Eden
Creek
vici-

Manitoba nity Manitoba

Average Farm
Net (9)

Source: Statistics Canada 1971 to L977 (unpublished data).

l-"Eden creek vicinity" is comprised of that area served by the rural post offices of Eden, Birnie,Elk Ranch, Franklin, Kelwood, Mountain Road, polonia and Riding Mountain.

Àveraqe Off-
Farm Income

(ç)

472 931

7L3 1,800

L,947 3,737

2,445 4,A23

2,959 4t597

r.aza 3,5r7

1,584 2,716

Eden Eden
Creek Creek
Vici- Vici-
nity l,fanitoba nity Manitoba

Àverage Total
Income (S)

1,3 15 2,2t2

L,676 2,536

L.773 3,O2a

2,5A2 4.O7A

3,L79 4.A32

3,657 5,54I

3,949 6,063

L,78A 3,r43

2,349 4,338

3,720 6,76A

5,427 A,9O4

6,138 9,427

5,484 9,038

5,534 A.768

I

\0

I
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from L97Ì to 1977. The provincial average for off_farm
income was 57 percent over the same period.

3.2.2. Crop yields

Average crop yields wíthin the Eden Creek wateïshed
are lower than the rest of Manitoba. TabLe 3_g compares
provincial average yields from 1975 to 1g7g for wheat, oats,
barley, and tame hay with those for Eden Creek watershed.
Watershed yíelds were estimated using Manitoba Crop fnsurance
Corporation data and the yields given are the averages between
F- and H- rated soi1s.3

3.2.3 Fa¡m Si ze

Although there are no specific data on farm sizes, most
of the farms within the Eden Creek vratershed are between 65

and L30 ha (160 to 320 ac) wiÈh many less than 65 ha (Swanson

(1974). There are, however, a few larger units over l_95 ha
(480 ac) in size.

Table 3 -7 shows that the number of farms in the vicinity
of Eden Creek watêTshed has been decl-ining over the years.
In 1975, there vrer_e,335 farms compared with 3l-5 in 1977.

3 .2 . 4 land .Terlule

The most connon form of tenure within Eden Creek water_
shed is private ownership. Tn 1979, approximately 20 percent

3F- tut.d soils are 1ocated on the 1ower reaches of EdenCreek watershed. H- rated soi1s, which are consj.dered to beof a. poorer type of soi1, are located along the upp", ,.u-hu=of the r,iratershed



Table 3-8

Average Crop Yields for Eden Creek llatershed
and Manitoba for 1975 to L977 in Kglha

Wheat Baxley Oats

Year

1975 I,4As L,69L

1976 r,4A5 L,A23

1977 1,485 2,123

Eden Manitoba

Source: (1) Manitoba Department of Agriculture L975, 1976 ancl 1977.

(2') Manitoba crop Insurance Corporation, L97A.

Eden

l,'7I7 I'A29

I,7L7 2 t257

I,7L7 2,66L

Manitoba Eden Manitoba

I,495 L.733

L,49s 1,859

L,495 2,].O5

Tame Hay

Eden

3,I8O 4,454

3,180 4,I42

3,180 4,I42

Manitoba

I

H
I



of the land was owned by the provincial government (Fig. 3-3).

It vras not possible to obtain figures of actual parcels of

land rented by farmers.

3.2.5 Labour Force Actívity

fn I976, totaL labour force population in Eden creek

watershed was estimated at 510, wÍth 20 percent unemployed

(Table 3-9), Of the total number of persons unempJ-oyed'

70 percent were between the ages of 15 and 54 and 30 percent

over 55 years,

of the total employed, 72 percent srere between the

ages of 15 and 54, whereas 28 percent were over 55 years.
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Table 3-9

Population 15 Years and Over by Labour Force Activity
and Age (1976), Eden creek watershed

15-24 25-44 45-54 55-64 65+

Ernployed

Unenployed

Total

1s0 60

30 s

180 65

75 40

15 15

90 55

85

35

r20

Source: statistics canada 1976 (unpublished data).



CHÀPTER 4

INTEGRATION AND ÄNATYSTS OF
PHYSICA.I, AND SOCIO-ECONOMIC DATA

The objective of Èhis chapÈer is to inÈegrate and analyze

the data presented in Chapters 2 and 3 and to determine if a

relationship exists beÈween the socio-econonic welfare of
Eden Creek watershed resiilents and resource utilization.

4.I Rainfall Runoff

The sloping and irregular topography combined with fre-
quent surnmer rainstorms within the Eden Creek t¡atershed result
in excessive runoff and high peak discharges of retatívely
short duration (Table 2-2). The time to peak is relatively
short averaging about four hours for each sub-i,iater shed ,

Whenever these peak responses exceed the naturaL channeL ca-
pacity, flash flooding results. Thís type of flooding is
especially prominent along the upper and lower reaches of
Eden Creek watershed fo1lowíng a heavy rainstorm (Fig. 2-I).

TabLe 2-2 indicates that approximately 61 percent of
the total raínfall- over Èhe waÈershed results in runoff.
Hoi"rever, the SCS procedure includes only surface and sub-

surface runoff. The percentage of runoff from rainfall- woutd

therefore be much greater if ground water runoff was also
inc luded .

In anâlyzing the hydrological data for Eden Creek water-

shed, the following combination of factors r.'ere aLso fou¡ld to j¡rflu-

ence the volume of runoff and peaks associated wiÈh a storm.
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Antecedent moísture condiÈions - If watershed
soils are dry, runoff poÈential will be Iow.
If the soi.1s are saturated from antecedent
rains prior to a heavy rainstorrn, runoffpotential is high.

RainfaLl intensíty - Heavy rainfall i.n excessof infiltration capacÍty of soil will con-
tribuÈe largely to runoff.
Duration of rainfal-1 - Rainfall of longer
duration will- increase the amount of water
that would be available for runoff.
Basin characÈeristics - The higher el-evation
and orientaÈion of slopes towards the main
channel results in rapid runoff and peak
responses.

Land-use cover - By exposing bare soil toprecipitation, the capacíÈy to absorb
prolonged precipitation is greatly
reduced .

Hydrological data from WÍlson Creek watershed were used

in the SCS procedure to estimate runoff for Eden Creek water-

shed. fn computing the runoff values¡ an assumption r^¡a s

requj-red about the AMC prior to the design 24 hours rainstorm.
AMc was assumed to be moderate (AMC = II), because of the

hydrological conditions at Wilson Creek where sunmer precipi-
tation is relatively frequent. Gíven Èhe proxinity and simi-
1ar topography of Wilson and Eden Creek watershed, it is rea-
sonable to assume that on most occasions, the .A¡,lC prior to a

summer rainstorm w111 also be moderate for Eden Creek watershed.

This assumptíon would have a direct bearing on the amount of
rainfall- that r,¡ould result in runoff for Eden Creek waÈershed.

If AMC I was assumed for the Eden Creek watershed, the volume

of runoff and peak discharges would have been lower than the

est,imated values in TabLe 2-2. Likewise if the ÀMC III was

(t)

(2)

(3)

(4)

(s)
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assumed, the volume of runoff and peak discharges would have

been much greater.

4.2 Erosion

Clearing the land exposes the soil tô the direct impact

of high inÈensity rainstorms. As a result, the capacity of the

soil to absorb heavy storm precipitation is reduced. Wíthout adeguate

vegetative cover or structural measures to control runoff,
surface runoff reaches erosive velocities and results in soil_

detachment, ÈTansport and deposition.

Within Eden Creek, the erosion process is hastened by t.he

following combination of factors:

(1) Soil erodibility - Because the soils are
loose and granular they are readily sus-
ceptÍbIe to erosion by water.

(2) Slope length - As slope length increases,
soil 'loss is greaÈer due to increased
runoff velocity.

(3) Sunmer fal-low and frequent tillage -
Such practices expose much soil_ to the
direct impact of rainfall .

(4, Rainfall intensity and duration - Since
the rainfall provides the energy for the
erosion process Èo begin, it follows that
the greater the íntensíty and duration of
rainfal1, the greater the erosive action.

TabLe 2-3 and Appendix B indicätes that approximately 40

percent of the tot¿l area i¡ cr¡ftivated fields in Eden Creek waterslÊd was

abor¡e tte mæ.jrlln soil l-oss tolerar¡ce level in l-979. If the present

cropping practices continuê within the watershed, Èhe per-

centage can be expect,ed to be greater, since rnany fíelds are

just below the tolerabLe soil loss level of 0.9 and l-.8 t,/ha.
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In analyzing the soil loss results for Eden Creek water-
shed, significant factors that contribute to soil erosion
by water seem to be the sJ.oping topography characterized by

'I

compound slopes- and the amount of land which is exposed to
the direct impact of rainfall

4.3 Farming Practices

In recent years, researchers both in Canada and the United
States have questíoned ce¡tain agricultural pracÈices such as

tillage and sr¡r¡rer falJ-ow, Stone et aI . (1973) , LaI and

Stepphun (1977) . Besides being costly, these practices enhance

the erosion process, thus contributíng to the degradation of
the physical environment. In Eden Cïeek watershed, both prac-
tices are quite common.

4.3.1 Sumner Fallow

The U.S. De¡:artsnerrt of Agrísultì.¡re (1971) fns íder¡tified the

runoff potential of various types of l_and-use practices. The

practice of summer falLow was noted as the greatest contri-
butor to runoff potential followed by row crops, smal1 grains,
tame forage, grassfand, meadow and woods respectivel-y. In
the Eden Creek watershed, approximately 24 percent of the
land is in summer fal1or,tr during any crop growing period. The

conunon farming practice is a three-year crop rotation
pattern, tv¡o years of crop followed by one year of sr¡¡nme ï

lTh. .""urrun". of multiple slopes within an overaLl- single
slope.
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falLow. This Èype of practice exposes much of the soif to

the runof f,/erosion process.

Spratt et aI . (1975) reported that the reasons gi.ven

by farmers for sum¡ne r fallowing the l-and are to lmprove soil
nutrients and to control weeds. Spratt et aL , further noted

that such practices should only be undertaken in regions re-
ceiving less than 406 mm (16 in) of rainfaLl. Furthermore,

Stone (1973) indicated that only 16 percent of the avaiLabl-e

moisture is stored by fallowed soil . Stone, concluded that
such practices are inefficient and should be eliminated except

where moisture availability is a serious limiting factor to
crop production.

Fallowing enhances the breakdown of organic matter and

the conversion of organic nitrogen to nitrate which can be

used by plants. However, repeated fallowing wilI deplete the

organic matter content to a LeveJ. that, even after fallowing,

nj,trogen supplies are inadequate to meet the needs of the

crop, thus resulting in reduced yields.

The use of chemicals if applíed properly is a much superior

means of weed control . Although Èhe use of chemicaLs involves

a substantial cash outlay, the benefits frorn the i¡rcreased crop

yields is like1y to more than compensate for this additional

cost.

4.3.2 Til-l-age

Tillage practices as carried out by farmers within Eden

Creek watershed resul-t in the mechanical breakdown of soil
and the turning over and exposure of new soil material to the
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influence of weathering. With the passing of time, the finer
more erodibl-e particJ-es are easily removed by agents of erosion.

TilLage is viewed by farmers as a method of incorpora-

ting and dispersing crop residues, promoting the over-winter

of precipiÈation and facil-itating the appi-ication of soil-
incorporated herbícídes. However, several sludies have shown

that tillage may not be necessary since there are other ways

of achieving the same objectives.

Lal- and Stepphun (1979) reported that adequate fertili-
zaÈion lessens the need for fall tillage. To eliminate

problems of excessive crop residues which make seed.ing a se-

cond crop difficult, use of commercial drilLs for use under

no tilI conditions is reconmended. The use of chemicals

during the spring to control weeds may be more importânt

than t.illage operations.

La1 and SÈepphun (1979) also noted thât fa11 tiJ-J-age for
the production of spring seeded crops does not appear to be

necessary nor of sufficient value to warrant expenditure on

fue1, eguipment wear or time.

Bowren and Dryden (1971), reported that faIl tillage does

not contribute to increased yields. Although it saves time

during the busy planting períod' it results in greater soil
].oss since the soil lies falIow over the winter without ade-

guate protection. Depending on t,he soil type' Èhe use of the

conventj.onal moldboard plough by farmers produces a very

cloddy soil surface. As a resulÈ, the rough surface

i.s conducive to ponding which holds runoff after a storm.
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Hovrever, the soil clods provide a poor seedbed requiring disk-

ing and harrowing after ploughing,2 These secondary tillage

operations while essentía1 for adeguate seedbed preparation

reduce ponding and contribute to surface sealing. Thus runoff

and soíl losses are usual-lY high.

4.4 Demographic Influence s

Examinat.ion of the demographic characteristics of Eden

Creek watershed indicates that the 1evel of education and the

age of the farm operator may be pärtial1y responsible for
problems in resource mismanagement.

Between 1961 and 1966' the population of Eden Creek

watershêd declined by 7 percent whereas between L97I and 1976,

the decline ¡vas L6 percent (Table 3-1) . The reasons for out

migration may be reJ.ated Èo low farm incomes and lack of al-

ternative opportunities within the Eden Creek watershed.

Sharp and Kristjanson (L966) found that young adults

in rural Manitoba who are better educaÈed tend to migrate.

Swanson (1974) also noted the same trend within the White¡nud

River watershed conservation District, In the Eden creek

watershed between 1971 and f976, the population between

the ages of 15 and 54 declined by 3 percent (Table 3-2).

2oi=king is used
harrowing is used

to turn and loosen the soil, whereas
to pulverize and snooth the soil.
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Because of the lack of data, it was not Possible to

prove that those $¡ho migrate from Eden crêek watershed are

better educated. However' there are no reasons why there

should be any differences between the young aduft group that

are migrating from Eden Creek watershed ând those of other

farming communitÍes in Manitoba. The relatively high pro-

portion of watershed residents with a 1ow level of education

support this assumption (Tab1e 3-5 and 3-6) '

Although the migration of the young adult group may

not appear to be signíficant in numbers. the relative degree

of mígration within the Eden Creek v¡atershed in terms of

total population is guite substantial-.

The reasons for migration by Eden Creek residents may

also be related to the difficulty of farmers in obÈaining

]oans in order to improve their farming operations ' Few

farmers wíthin the watershed have ever qualified for Provincíal

government Loans. The reason given is that the farm oPerations

are not econonical-Iy viabi-e and as such, do not meet the loan

requirements of the ManiÈoba AgricuJ-ture Credit Corporation'3

In 1976, aPproximately 21 Percent of the Population of

Eden creek was over 55 years. However Table 3-5 indicates

that the proportion of families with a head over 55 years was

much greater (47%). Heady (1965) argues that older farmers

3PersonaI communication, D. Johnson, credit officer, Manitoba
Agriculture Credit corPoration , I979.
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are less Iikely to accept the burden of additional debt neces-

sary to efficiently manage a farm in order for it to be econo_

mically sel f-sustaining . Furthermore, it would be rnore ilif fi-
cult for the older farmers to give up farming and find a job

elsewhere. Thus, the older farm operators arè more likeJ-y to
accept lower income and avoid additional risks associated with
improving a farm operation. To change the present node of opera-

tion would reguÍre a substantial capital investment and, since

the farmers' desire may be to maximize short-term profits, it
follows that to undertake such changes would not be advantageous.

cenerally, the leve1 of education within the Eden Creék
watershed is simii-ar to that found elsewhere in rural- Manítoba.
Approximater-y 49 percent of the popul-ation 15 years and over
had l-ittle or no schooling (Table 3-5). Thïee percent of the
population 15 years and over attended university compared with
one percent for the Whitemud River Watershed Conservation
District' swanson (1974). About 53 percent of husbands and

wives in a household had J.ess than grade 9 educatj.on including
no schooling. Although no specific figures are avaiLabl-e, j.t
is likery t.haÈ most residents with a fow rever of education are
of the older age group, and many may in fact be heads of house_
holds .

Denison (1964) origína11y suggesÈed Èhat the leve1 of
educational achievement by an individuãj- affects his perfor_
mance in his chosen occupation. Denison hypothesized that an

individual having more education is more efficient and produc_
tive in a given occupation. Assuming this hypothesis is cor_
rect, the lower leve] of education in Eden Creek h,atershed
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wouLd like1y be responsible for poor management practices that
result in low crop yields, Iow farm j.ncomes and types of mea-

sures undertaken to control runoff, erosÍon and assocíated

land and water related problems.

4,5 Economic

Compared with the rest of Agro-Manitoba, average farm

incomes are Lower for Eden Creek residents, and many farmers

have to supplement their incomes by working off the farm.

However, average incomes from off-farm work by Eden Creek resi-
dents are also much lower than the average off-farm income for
the rest of Agro-Manitoba. In !977, the average off-farm income

for Eden Creek resj_dents was $3,949 compared wíth 96,063 for the
rest of Agro-Manitoba (Table 3-7). This suggests that off-
farm empLoyment opportunities are Limited in the vicinity of
Eden Creek. As wel-l, the possibility exists that non-farm

employment skil-1s for watershed residents are rel_atively low,
resulÈing in poor off-farm earnings.

Many farms within the Eden Creek watershed are less than

65 ha (160 ac) in size. AJ.Èhough no specific figures were

available, Swanson (1974) pointed out that many of these farms

are situated between Neepawa and Riding Mountain National park.

Swanson concluded that a typical farm, in order to provi.de an

adequate net j.ncome, should be between !29 Lo 194 ha (320 to
480 ac) in size.

Thus, it Ís Iikely that one of the reasons for low farm

incomes within the Eden Creek watershed is the small size of
many farms.
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Analysis of the labour force daÈa for Eden Creek water_

shed Ehov¡s thaÈ 65 percent of the total unemployed were between

the ages of L5 and 44 (Table 3-9). These age groups are

like1y betÈer educated and include individuals that would
probably migrate from the watershed.

The average j-ncome of v¿aÈershed resídents may be a

function of other variables. The relatÍve1y low level of
education and large proportion of population in the upper age

groups may not be conducive to efficient use of resources.
Swanson (1974) noted that when incomes are 1ow, the efficient
use of resources is un1ike1y, because it does not all-ows for
capitaj- accumulation. Low income offers less opportunity to
save, t.herefore, less capital j.s accumulated and it follows
that without capital , the farmer does not have the resources

to re-j-nvest in his farm. What littj_e capital is saved is
1ike1y to be kept for retirement rather than for ïeinvestment
in the farm business. The farming unfÈs found within the
Eden Creek watershed may be too smal1 to be econornically via-
ble and this may affect Èhe amount of income a farmer receives
from his investment. Moreover, since the farmer has to seek

off-farm work, less attention may be directed to conservation
practices, since benefiÈs from such measures accrue. only in
the long term. on the other hancl, it could be argued that off-
farm work rnay have kept area farmers in the agricuJ.tural
business, thus reducing watershed migration.
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4.6 Implications

The preceding analysis has indicated thaÈ a relationshÍp
exists between the socio-economic welfare of Eden Creek water-
shed residents and the way the resources are being utilized,
The amount of uncontroll-ed runoff and soil erosíon, 1ow crop

yields and farm incomes, the age and level of education of
the farm operator and. no observable signs of conservation

practices within the v¿atershed support the above assertion.

If present farm practices wiÈhin Eden Creek watershed

continue unchanged, this may eventually resuLt in economic

exhaustion of the soil for agriculture. Furthermore, j-f run-
off and the rate of erosion are not controlled, increased

sedimentation, gulJ-ying and flash floods can also be expected

to continue within t.he $¡atershed.

It is also J-ike1y that agriculturaL service industries
which are a major source of employment in the vici.nity of Eden

Creek watershed, could be reduced due to continued migration
of watershed residents. Moreover, because of the declining
watershed population and low farm incomes, future investment

in the community might be precluded.

Improved land-use practices must be accompanied by

effective runoff and erosÍon control measures. At the same

time, such practices should be economically viable. Stabitiza-
tion of the land base might subsequently resul-t in reducing

watershed depopulation, increasing farm incomes and stimuta-
ting investment in the loca1 communiÈy.



CHAPTER 5

ATTERNATIVE LAND-USE CHANGES

The need for coordínat,ing soil and water management on

a watershed basis to maintain ùhe resource base and enhance the

standard of living for resídents provides challenges and oppor-

tunitÍes for improved economic analysis of resource develop-

ment. More attentíon , especíal1y in the United States, is being

direcÈed to the vrater-related aspects of land-use planning.

Questions are being baised regardíng the effect of erosion

control and land-use practices on runoff and peak discharges.

Can these practj-ces, under certain Land and cLimatic conditions,

sharply reduce runoff and peak f1ows, and will these changes

be neasureable?

Besides environmental problems, researchers are also

seeking ways in which selected conservation practices can pre-

vent watershed deterioration and at the same Èime be economical-

ly viable so as to provide a better quality of life for water-

shed residents. The aim of Èhese research programs is Èo help

prevent the decline of waÈershed populatÍons, particularly the

young and better educated, whose Loss weakens the socio-economic

and cultural fabric of Èhese regíons.

5.1 Effects of Conservation Practices

Conservatj-on practÍces for runoff and erosion control

have been developed through Èhe U.S. Department of Agriculture.
In the early 1950's, farming practices such as contour tj-1lage,

strip cropping and crop rotations were tested by researchers

for erosion control and found to be so effective that these
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practices vJere widely recommended as major items in the con-

trolling of erosion and excess runoff, Harrold and Dragoun

(1969), Reforestation on fíe1ds and use of deeper rooted crops

were also found to reduce the runoff and erosion process.

Harrol-d and Dragoun (1969) studied the effect of l-and-use

treatment on flow from agricultural lands in Hastings, Nebras-

ka where detailed data on rainfall, runoff, soiJ-s and land

use were availabLe. Results shor^red that these treatments

reduced peak rates of storm flow by about 50 percent, v¿ater

yields by 30 percent and sediment yield by 50 percent. Results

also indicated that seeding of eroded cultivated cropland

with adapted perennial grasses had by far the greatest effect
on erosion control and surface runoff. After three years,

these seeded areas performed t,he same hydrologically as

naÈíve meadows r,¡ith very IiÈt1e surface runoff and no measur-

able erosion. Similar results were also obÈained by the

same researchers in Treynor, Iowa.

5.2 Economic Benefits from conservation Practices

BenefiÈs from conservat,ion practices can result not onl-y

in increased crop yields but afso in increased incomes.

Pavel-is and Tirìmons (1960) examined the economic benefits

of comprehensive watershed planning. The Neeper watershed

in Iowa was affected by problems simiLar to those of Eden

Creek watershed. Increased runoff, erosion, gullying, sedimen-

tation and fl-ooding along sections of the stream were common,

To help alleviate or reduce these problems and at the same time

to make it economically viable for waÈershed farmers to secure
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a reasonable economic return from conservation practices,

the following proposals rvere made:

(1) Changes in farmland use ínclúding a 35
percent reduction in row crops, a 52
percent reductíon in smalL grains such
as oats, and a 182 percent increase in
forage crops.

(2) SuppJ.ementary practíces such as 53,000
km of terracing and 226,632 ha of contouring.

(3) ReforesÈation of specified areas that
líere severely eroded.

(4) Structural measures to control flooding.

By adopting these measures, it was estimated that the benefit,/

cost ratio of the land +-reatment alone r^¿ould be 2.22, based on

average annual benefits of. $2,689,707 and annual costs of

ç!,208,302t Pavelis and Timmons (1966). Estimates of annual

structural- costs alone would total çI77,200 and estímated annual

benefits equa3-led $191,652 indicating a benefit/cost ratio
of 1.08. Considering both land treatment and strucÈural mea-

sures, the overall estimated benefitr/cost ratio was 2.08.

Similar results were obtained from a study of Hound Dog

Creek watershed, Iowa, by Cormack and Tinmons (1968). By

re-organization of resources, a profi t-maxini zing farm coul-d

increase average farm net revenue by 18 percent from pre-

development condiÈions, A second plan, which wouJ.d require

the use of additional capital and Labour,could increase average

farm net revenue by an additional 21 percenÈ.
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5.3 Effects of Land-Use Changes on Runoff and Soil
Erosion in the Eden Creèk Watershed

The previous sections (5.1 and 5.2) presenÈed research
evidence from the United States indicating the benefits Èhat

could be obtained from land-use changes. Such changes not
only resulted in protection of the physicaL resource base

but provided opportunities for farm operators to increase
net income.

This section analyzes 1and-use changes in Eden Creek

watershed to determine the effectiveness in control-1ing erosi.on

and runoff. To assess such changes, the cropping management

factor (C) was modified in Èhe USLE for each fie1d. To justi-
fy the changes, the present crop rotations within Eden creek
h¡atershed were determined as follows:1

(1) A three year crop roÈation, C-C-SF with
91 kg of residue prior to seeding.2

(2) If the land was privately owned and the
fieJ.d crop was alfatfa, it was assumed thatthe cropping pattern r,ras 3 years C-C-C,
5 years A-A-A-A-.A and 1 year SF.

( 3 ) I f the land was owned by the Cror^rn and thefield crop was alfalfa, it was assumed thatthe crop rotaÈion was 3 years C-C-C, g years
A-A-A-A-A-A-A-A and I year SF.

Given these crop rotations for Eden Creek watershed and the
amount of soil loss for each field (see Appendix B), alternative

I-CroE) RoÈations were determined by L. SJ-evinsky, Water ResourcesBranch, Dept. of Mines, Natural Resources and Environment.
t-C refers to crop, SF refers to sü ner fal1ow and A refers to
al faL fa .
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C values were co¡nputed for these fieLds based on the proce_

dure developed by Ítischmeier and Smith (1965).

Appendix B indicates the maximum permissible C values
and proposed land-use options Èhat are necessary to be within
the tol-erable soil loss 1eve1 of 0.9 and 1.9 t/ina. Land-use

options that are required to reduce the soil losses to
toLerable level for Eden Crêek watershed are as foli-o\,¿s (Fig. 5_I):

(1) Optíon A: If thê C value is .05 or l-ess,fields should be re-planted with native
vegetat j.on or trees .

(21 option 83 If the C value is between .06
and .L. fields should be changed to a
continuous forage rotation.

(3) Option C: If the C vaLue is between .1
and .15, fields shouLd be changed to 2/3
forage and 1/3 crop rotation.

(4) Option D: If the C vai.ue is between .16
and .L8, fieJ_ds should be changed Lo !/2
forage and !/2 crop rotation.

(5) Option E: If the C value is > .19, fields
should be changed to a continuous cropping
rotation.

To iLlustrate land-use changes in order to control erosj.on,
a 16 ha field Located in the southeasÈ quarter, section 34, tor,n-rship,

16, and range 16 in Eden Creek watershed has a soil loss of
3 L/ha under present cropping pracÈíces (Appendix B) . The

tolerabLe soíl loss level for this field was det.ermined to be

1.8 t,zha. To be wÍthin the tolerable soíl loss leve1, a

maximum permissibj-e C value of. .22 was computed. Substitutj-ng
the C value of .22 for Èhe existíng vaLue of .35 in the, USLE,

soil- loss could be reduced to 1.78 t,/ha, which is within the
tolerabi.e soil loss leveL. Alf other facÈors in the USLE
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remained unchanged. The crop rotation that would therefore

be required for this 16 ha fieLd is continuous cropping,

Option E.

Based on the analysis for thê entire Eden Creek watershed,

the following changes in Èotaf are necessary to maintain soil

Losses within tol-erable l-eve1s:

(I) 57 ha (141 ac) should be changed to option A'

12) 137 ha (334 ac) should be changed to option B'

(3) 153 ha (390 ac) shouLd be changed to optíon c.

(4) 27 ha (67 ac) should be changed to option D'

(5) 254 ha (628 ac) should be changed to option E'

The rest of the cultivated fields required no land-use changes'

Although the l-and-use changes suggested will control soil

erosion to the tolerable 3-eveJ.s, such changes will not sig-

nificantly reduce the estimated volume of runoff or peak dis-

charge resulting from rainfall runoff. ApplÍcation of the

scs procedure to accommodate these land-use changes,within

Eden creek watershed showed that the voLume of runoff for

each HU was reduced only by 6 percent' 13 percent' 9 percent,

and 3 percent resPectively (Table 5-1). The percentage reduc-

tion in peak discharge for each HU v¡as 11 percent, 21 Percent'

L5 percent' and 5 percent resPectívely (Table 5-2 and

Fig. 5-2 to 5-5).

since the changes ín Land-use Èo control soil- erosion

¿lid not reduce runoff and peak díscharge significantfy, further

land-use changes are recotnmende¿l and assessed. These are as

follows:



Hydrological
Uní ts

Tab1e 5-L

Effects of Land Use Changes on Runoff
Eden Creek l^tatershed

m' (ac ft)

Alternate Alternate
C-VaIue Recommended

Existing Changes Changes

HU-1

HIJ-2

HU-3

HU-4

390,861
(317)

570,879
(463)

67 4 ,45r
(s47)

344.O07
(279)

367,434
(2e8)

498.r32
(404)

616,500
(s00)

332,9r0
(27 0l

Vo lume s ,

I Reduction t Re¿luction
C-VaIue Recommended

Changes Changes

332,9l-O
(270)

483,336
(392)

575,811
(467)

292 t22r
(237')

l3

15

16

15

I

ß
I

15



HydroIogicaJ.
Unit

Table 5-2

Effects of Land Use Changes on peak
Discharges, Eden Creek Watershed

3m',/s (cfs)

Alternate Alternate I Reduction
C-Value Recommended C-Value

Existing Changes Changes Changes

HU-I

HU-2

HU-3

HU-4

21 .00
(7 40)

28 .37
(1,000)

30.64
(1,080)

L8 .44
(6s0)

r8.73
(660)

22.47
(790)

26.70
(e20)

L7.45
(61s)

l_4 .13
(4e81

19 .86
(700)

2I .I4
(7 4s)

L2.63
(44s)

11

I l.Reiluctíon
Recommended

Change s

2I

l5

33

30

31

32

I

o\
ul
I
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Complete eLiminatíon of summer fallow
within the waÈershed.

Linited contouring.

Cultivated fíelds that.are currently abovethe tolerable boiL l_oss level shoulâ be
changed entirely to f,orage crop productíon.

Under these possibilities, the percentage reduction in runoff
volumes were l_5 percent, 16 percent, 15 percent, and 15 per_

cent respectively for each HU (Table 5-L). Reduction in peak

discharges for each HU was 33, 3l_, 31, and 32 percent respective-
ly. As weLl, the time to peak i.ncreased by approximately one

hour for each HU (Tab1e 5-2 and Fig. 5-2 to 5-5). Tab1e 5-1 jrr-

dicates that the percentage reductíon in the volumes of run-
off were not that signifícant, however, the percentage reduc-
tion in peak discharges was greater. This is much rnore im-
portant in the case of fLash fl-oods, sínce any significant
reduction in peak discharges wí11 ultimately resuj_t, in reduced

flooding along the length of the channel . The time of con-
centration and Èime to base increased in all four HU's. Time

to base increased by approximately two hours for each HU

(Fig. 5-2 to 5-5). Tíme of corcentraLion increased from 1.9

to 2.4 hours for HU-!¡ 2.3 to 2.9 hours for HU-2, 2.g to 3.3

hours for HU-3 t and 1.8 Èo 2.4 hours for HU-4. Any increase
in time of concentratíon would red.uce the rate of rainfal-I
runoff and this implies that the erosive action of rainfaLl
would Iikely be reduced.

Although soil toss under these recorunended changes were

noÈ guant.ified, it follows fron the previous analysis that,

(1)

(2)

(3)



-7L-

these land-use changes woutd further reduce soil 1osses

within the wêtershed.

Further l-and-use changes of fields to achieve greater
reductj.on in runoff and peak flows would not be advisable,
since this would reguire that the entire Eden Creek watershed
be reforesÈed. CompleÈe reforestation would noÈ J-ike1y be an

economical and socially viable ar-ternative for watershed residenÈs.

Besides the above land-use changes, additional conserva_

tion measures could be undertaken Èo further reduce runoff
and peak discharge. The following additionaL measures ate
suggested 3

(1) fnstallation of grassed waterways which
will reduce the velocity of runõff andresist the soil cutÈíng action of r{ater.

(2) Retaining crop residues on fiej-ds to
reduce the removal of soil by rainfall
runoff.

(3) Reduced tillage practices Èo controL the amou¡tof erosion and runoff.

The use of structural measures such as retention basins
to control runoff coul_d be effective, however, such measures

would l-ikely be too costly. Dearman (1990), studying the
effects of erosion on the main channel within Eden creek water-
shed, suggested that reÈentíon basins to conÈrol runoff would

be too expensive. Dearman furt,her suggested,that in places

where the main channel is severely eroded, armouring Èhe

banks r.¡ith rip-rap would be more effective in stabililizing
eroded channel banks.

It is likel-y thât once runoff and soil- erosion problems
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are controlled by changing the 1and-use practices other
land and water related problems such as gullying, sedimen-

tation, and flash fLoods would also be reduced.

Existing gullies within t¡é Eden Creek v¡atershed couLd

be fiI1ed, LevelLed and grassed where feasible,

5,4 Estimation of Economic BenefÍts from Land-use
Changes in Eden Creek Watershed

To determi.ne the cosÈs and benefj.ts of land-use changes,

farm budgets were prepared for three hypotheticaL farms of
various sizes under present and altg¡¡¿te land-use changes.

As input to Èhe budgetary simulation model, producer physical
data were supplied by the lvanitoba Department of Agriculture, tl.
Department of Àgricul_Èural Economics and Farm Management,

Universlt.y of Manitoba, and resource planners fa¡niliar with
the study area. Based on the input data, the foltowing para_

meters were assumed under existing farm practices:
(1) Farm sizes of 65 ha (L60 ac), I2g ha (320 ac),

and 194 ha (480 ac).

12) À croppj.ng system of C-C-SF.

(3) Crops consisÈíng of wheat, bari-ey
and tame hay.

(4) Application of l-ittle or no fertil-izer.
(5) Two fall tilJ.age and two spring tillage

operations.
(6) The farmer owns the land and equipment.

(7) Average crop yields as based on Manitoba
Crop Insurance raÈings.

Under proposed land-use changes, Èhe foJ_lowing were assumed.:

(1) Farm sizes would renain the same.
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(2) One-half of the fields would be placed intoproduction of tame hay.

(3) Application of fertilizers would be
increased.

(4) Crops would be the same as under existingcondítions buÈ wiÈh higher yields
(5) Sunmer fatlowing would be eLiminated.
(6) Tillage pracÈices would be reduced.

Farm budgets, prepared to reflect tlre above assurptions, shovred

that under present farming pract,ices, the net returns to
management were negatíve under alI Èhree farm plans (Tabl_e 5_3

1

and Appendix D).' By re-arranging the farm resources to
maximize returns, and at the same tÍme, to reflect land_use
changes discussed j.n section 5.3, (i.e. reduction of erosion
and runoff) Èhe farm budget,s indícated net returns to manage_

ment were positive under alÈernaÈive farm pJ_ans. Tabte 5_4

shows the total costs and total gross returns for the three
hypothetical farms under aLt,ernative farm arrangements,

Compared r,rith the resulÈs obtained for presenË farm practices,
the net returns to management under the atternative farm
plans are considerably greater. Not only were returns positive
for the enÈíre farm operations but individual fíe1d crops
also shoi,¡ed a positive net return to management. For instance,
under present farm practices, total cosÈs for growing 16 ha of

1

_:MT. t.. Longmuir, prograÍuner, Dept. of Agricultural- Economics,UniversiÈy of Manitobá, assj.sted-in prepãring tf,e ãompulèi--program for the farm budget analysis.



Farm Size
ha Total Cost S

Table 5-3

Total Cost,,/Return for Hypothetical
Farms Under present

Farm Plans, Eden Creek lfatershed

65

129

194

8 ,547 .77

r7,493.58

26,897 .84

Total Gross
Returns g

8,I74.74

16,349 .68

24,524 .52

Net Returns
to Management s

- 366.94

- 1,143.91

- 2,373.33

I

..¡

I



Farm Size
ha Total Cost S

Table 5-4

Total Cost/Return for Hypothetical
Farms Uniler Alternative

Farm Plans, Eden Creek Watershed

65

L29

L94

7I,7 28 .3I
24 ,205 .4L

37,297.4'l

Total Gross
Returns $

16, 416.99

32,833.99

49 , 250 .99

Net Returns
to Management $

4,688.68

8,628.58

ll-, 953. 52

I

-J
ur

I
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wheat were S3r159.33. Total gross returns were $3,301-.40

thus leaving a net return to management of $142.07. Under

alÈernative farm plans for the same field, total costs v¡ere

S3r597.46 and Èotal gross returns were $5r137.00, leaving a

net return of $1,539.53.

One of the ¡nai-n reasons for increased farm income under

alternate conditions r,¿a s the elimination of sunmer fa1low.

There are many reasons why this practice should be el-iminated.

It Ís the single largest contributor to runoff. This practice

enhances the soil erosíon process. Its elinination would

allow for additional acreage to be cropped and would provide

for the more efficient use of l-abour and capital . I{oreover,

evidence has been presented Èhat in areas recej.ving 406 mrn

(16 in) of rainfall , summer fallow is not needed for moisture

conservation.

It should be noted, that the elinination of summer fal--

low would mean higher expenditure for fertilizer and herbicides.

Since cash fLow is a problem for farmers in the Eden Creek

watershed, initial fundÍng wíl1 have to be provided through

existing government farm programs or through the creation of

special funding.

Under alternate farm p1ans, crop yields were also in-

creased (Appendix D) . For instance, wheat yields were assumed

to increase from 1,479 to 21354 kg/ha and barley from l-,453 to

2,690 kg/lj.a. These higher yields represent yields attainable

under good management practices Ín l,lanitoba.

To sum¡narize, the farm budget analysis shows that there



is a positive rel-ationship between higher farming income and

changes in land-use practices to control runoff and soil
erosion.



CHAPTER 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.I Sunmary and Conclusions

The study indicates that the degration of the physical
environment is retated to the socio-economic conditions that
exist within Èhe Eden Creek Watershed. The watershed is
characterized by smal.1 farms, an older popuJ.ation, low income
leve1s, low educati.on leve1s, intense storm runoff, soiL
erosion and associated r^¡ater rej.ated problems. It is an area
where conservation measures are necessary to protect the physi_
caI resource base fro¡n further deÈerioration. However, imple_
ÍEntåtion of such measures may be difficulÈ, since the farm
operators lack the necessary capiÈal to make the required
adjustments. In addítion, they may lack the managerial
ability t.o undertake such programs.

If existing problems are allowed to continue within
Eden Creek r^¡atershed , it can be expected t.hat thi s may

result in further rural de-population. To some extent, mi_
gration has been encouraged, based on the belief thaÈ low
income and low crop yierds indicate a misallocation of resources
and that the reallocation of resources is the sol.ution to in_
come disparities. Whi]e this may be true, such solutions
may not be the ansr¡/er to the problerns experienced by Eden

Creek residents. civen that in ManiÈoba migration off the
farm has been taking place at the rate of 1,000 families per
year and that agrlculture is one of the dominant industries
in the province, it follovrs that re-organi zatj.on of farm
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resources to increase farm incomes may be a feasible
solution to help maintain Eden Creek's long term agricul_
t,ural productivity and population.

Evidence presented indicates that farming practices
such as tillage and summerfar.row shou]d be reduced or erimi_
nated. Both practices are conducive to the runoff,/erosion
process, and economically both practices are an added cosÈ
with no real vísÍble benefits. ].ower crop yields rvithin Eden

Creek aÌea relatíve to the rest of ynnitoba supports this assr.nption.

Àpplication of Èhe SCS procedure to estimate runoff and
peak flows under alternate land-use changes, although encourag_
j.ng, requires further investigation to compare estimated with
actual runoff and peak fr.ow var.ues. Results obtained showed
that the vol-umes of runoff were not reduced significantly,
however, peak flows were reduced by approximately 3O percent
in all four HU's. This reduction in peak flows, resulted in
a longer time of concenÈraÈion and lime to base for the
design sËor¡n analyzed for Eden Creek r./atershed. These hydro_
logical. changes could resulÈ in the reduction of flash floods
and erosion within the waÈershed. oÈher conservation practices,
such as grassed waterways and retention of crop residues could
further serve to reduce runoff and soil erosion by water.

The preparation of farm budgets rvas based on the assump_
tion that the prime object.ive of Èhe farm operation is to
maximize net retuïns. Results obtained showed Èhat by rearrange_
ment of farm resources, the farm operator courd increase income
above current Ievels. It shouÌd be noted Èhat Èhe appropriate
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use of farm budget anatysis is for static and short term
problens, and that prices of farm inputs and outputs change

over time. However, the results can.stíll be useful to farm
operators as a guide to decide on the optimal farm organiza_
tion if all prices exhibit similar movement over time,

The increased profits obtained from rearrangement of farm
resources will a110w for capital accumulation and re-investment
in farm operations, and at the same Èime, the physÍcal resource
base will be protected from further deterioration. This
enables the farm operator Èo plan ahead and formulate plans

for re-investment. With stabilized income, the farmer

should also find it easier to sècure farm loans from credit
corporations and other financial institutions.

In terms of cost, additíonal inputs of 1and, labour and

capital will be required. Since Èhe farm operator J_acks the
capital to undert,ake such projects, financial assistance
from government agencies shoul_d be made available for re-
training farmers as to the use of the best conservation prac-
tices .. and the initial- rercrganization of fa¡:n resources. The results of
this research justify such an approach since it has shown

t,hat additional inputs of production contribute more to
mânagement returns.

Although the possibiliÈy of livestock production was not
investigated in the analysis of this study, it is feLt that
this activity should be researched. The climatic conditions
of the watershed are suitable for growing forage crops and

such a farmíng activity may further enhance the economic
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viability of a farm operation.

Resource pLanners should seek the assistance of farm
operators whenever making any plans to re_organize farm
resources, si.nce the farmer may have different values aÈÈached

to t h-e land which may not be based sotely on economíc crÍteria.
To convince farmers to change their operations may be diffi_
cult. Economic incentives, regulations or interaction beÈween

local- residents and resource pJ_anners are different means

of achieving this goal and should be fu1ly explored.
Despite limitaÈions noted, ]and-use adjustments and

conservation practices accompanying the introduction of profit_
maximizing farm plans could reduce runoff, soil erosion, and
provide an economic incentive for farmers to renìain within
the watershed. In this caserÈhe objecÈives of watershed
developnenÈ would be achieved through farm planning. Net
revenues to farm operators would increase and the physical
resource base protected in the long run, This does not mean

that the damages wiII be reduced to zero, but they would be

of such magnitude that it wour-d not be feasible to introduce
other measures.

Although the success of farm planning will depend on many

variables, such as farm size and avaitabl.e capital , this study
illustrates the effectiveness of changing 1and-use to åccomo_

date the physical capabilities of the resource base in meeting
stated objecÈives of wat,ershed planning and development.
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6.2 Recommendations

Based on the foregoing analysis the following recom_

mendations are made:

(1) Further in-depth sÈudies are required to
compare actual flow measurements with theresults obtained by Èhe application of the
SCS procedure. This would require continuedmonitoring of gauges already installed with_in the watershed

(2) Soil tiJ-lage practices shouLd be reducedto the mÍnimum for erosion control .

(3) Summer falLow should be completely eliminated.
(4) Forage production should be increasedin the watershed especially in areas thatare severely eroded .

(5) Contour farming, which includes tilling ofthe soiL and giowing .r"1" in-"tiip" u"ro="slopes, shoul_d be encouraged.

(6) Drainage channeLs should be grassed andpresent or potential gu1Iy sj-tes seeded toforages withj-n t.he walershed.
(7) Crop residues should be retained on thefields after harvesting.
(8) Establishment of trees or shrub covershould be encouraged on severely eroded

area s .

(9) Financial assistancê should be made avaij--able to farmers to enable them to re_organize farming operations so as to meetconservation reguiremenÈs. The extent ofthis type of assístance wilL have Èo bedetermined by further sÈudies.
(10) Retraining programs to assist farmers

as to the use of the best managementpractices should be irnplementeã.

(11) Further research shoutd be undertaken to studythe_feasibility of expanding Livestock produciionin Eden creek watershèd. siudies are also needed
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determÍne oÈher types of economic
opportunÍties which wouLd provide alterna-
tive job opportunities for watershed
residents.

Impl-ementation of these recorsnendations would improve

farm incomes for Eden Creek residents and at the same time,
improve the quality of the resource base for the benefit
of present and future generations in the area.
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The SCS method esti.mates surface and sub-surface runoff
on1y, and since the procedure is based on precipitaÈion
occurj.ng on one caLendar day, rainfall intensity is ignored
since nothlng is known about time distributions.

The equation is expressed as foLlows:

.(P - ra)2
R=_ (1)

(p ra - S)

Where :

R

Ia

s

P

estimated runoff

initial abstraction of moisture by soil
potential maximum moisture of soiJ_

precipitation of storm

The relationship between the initial abstraction of
moisture at the beginning of the storm and the potential
moisture retention of the soil can be approximated by a

simple linear relationship and this is assumed to be 0.25,
and is based on studies carried out in the United States (U.S.

Dept. of Agrícu]ture, 1971). Using this reLationship in
equation (2), the expression for Èhe runoff prediction is
no$¡ reduced to:

(P - 0.2Ð2
R=- (21

(P + 0.8S)

S in equation (2) is defined by the hydrotogical soil
type and surface conditions in Èhe vratershed. Soils are

classified into four hydrologic Èypes depending on Èheir
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infiltration and transmission characteristics. These soíl
groups are defined as foll-ows:

A = Iow runoff potential and high infiltration
and transmíssion rates.

B = moderate infiltration and transmission rates.
C = slov¡ infiltration and transmission rates.
D = high runoff potential and slow infiltration

and transmission rates.

Surface conditions are classified according to land

cover which incLudes woods, meadow, pature and cultivated
fields. Fields are further classified according to type of
crop and land use practices employed. Using data obtained

from watersheds in the Uníted States, SCS hydrologists as-

signed values cal1ed soil-cover complex numbers (CN) to
several combinations of soil type and surface conditions.

Since S varies with the antecedent moisture condition
(AMc) of a watershed, CN's have been estimated for various

.AMCts. The SCS hydroj-ogist has defined AMC on a particular
day as the total rainfall occuring in the five preceedlng

days. Three levels of conditions have been estimated:

(1) dry, varies from 0 to 3.55 cm (1.4 in).
(2) moderately wet, varies from 3.55 cm

(l-.4 in)to 5.33 cm (2.1 in) .

(3) saturated, over 5.33 cm (2.1j-rl) .

S of a particul-ar watershed is then calculated using Èhe

relation 3
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s=1000-10
CN

The AMC for the study area was assumed. to be noderately
wet and was divided up into four sub_watersheds or hydrological
units (HUrs) and the study vras conducted on the basis of these
units, Each HU is the drainage area of a minor tríbutary
flowing into the main sÈream (Fíg. I_1).

To illustrate the SCS procedure to estimate runoff
and peak discharge, the characteristics for lru-l within the
Eden Creek will be used. These characteristics are as follows:

(1) DA = 502 ha (I ,24I ac\

(2) Average CN = 81

(3) Largest flow 1ength = !4,856 m (4,528 ft )

(4) Average slope = 68

(5) Design precipitaÈion = p10 - 24 hr/127 m (S.01 in)
Given these watershed characteri stÍ c s, runoff is esÈimated
directly from charts developed by the SCS for estimating runoff
rates. Each graph of these chaxts reLates peak discharge to
the watershed area and rainfall depth for a given set of water_
shed characteristics and s10pes.f Runoff for HLF' is estimated
at 79 Íun (3.07 in).

Peak discharge (O) is determined by the equation:

Qcfs = 0""* / in x pL X Ro in

(3)

I-See U.S. Dept. of AEricu1ture. Nationaj. Engineering Handbook,Sec. 4, Hydrol_ogy. Washingtorr, Uffi
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The steps in determining e are:

(1) 200 200(--21/P"¡ = (- -2)/ 5.01 =0.09cN 81

(2) 010 = 124 (124r/640) 3.07

= 740 cf s (21 n3/s,l

The unit peak is computed from Èhe formulas:

T = 4A4P and
s,/P

T, = 2 .67 TDp

The steps in determining Tn and TO are:

(1) 128 X 3.07 x L94 = (762.34)

(2) r^ = 484 x 1.94 x 3.07 = 3.78 hr
' ------7ø:3î-

(3) rb = 2.67 x 3.78 = 10.09 hr



APPENDIX B

USLE AND ESTIMATED SOIL LOSS

BY FIELDS AND MANAGEMENT

OPTIONS FOR EDEN CREEK WATERSHED

(FÍelds ídentified by section,
township and range )
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The USLE eguation can be expressed as follows:

Where :

A = R K L s C P (1)

A = average annual soil toss

R = rainfali- factor
K = soil erodibility factor
L = si-ope length factor
S = slope gradient factor
C = cropping and management factor and,

P = conservat,ion practices.

The rainfaLl factor (R) is a measure of the erosiveness
of the average annual pattern of rainfall in an area. This
single rainstorm parameter is actuall_y and interaction term
which is equal to the value of the product of two rainsÈorms

characÈeri stics, the total kinetic energy of the rainstorm and

its maximum 30 minute intensity and can be expressed as folrows:

R = 81,/100 where E is the storm energy andI is the maximum 30 minute intenaity. \¿)

Val-ues for this study were derived from j.ong-term rainfaLl-
records avaii-able for the Wilson Creek Watershed, and the
R value was determined to be 5l-.

Soil erodibility values K for soil materials were

determined on soil samples (Àp or AJ, + AE horizons) by use

of the soil erodibiLity monograph (Wishmeier and Smith, 1965).
The topoglaphic facÈors, slope length (L) and slope

gradient (S) has been combined into one term (LS) in Èhe
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USLE .

Ls = lt (0.0076 + 0.053 s + 0.00076 s2) (3)

Where L is the slope lengÈh and S is the slope in percentage.

land use on individual fields within the watershed was

mapped by fieLd observatj.on and average sIope,/length per
guarter section was calcul-ated. Regional soils and crop
specialists incJ.uding far¡ners within the v¡atershed were contacted
to establish the most conmon crop rotations. yield levels
were obtained from crop insurance data for computatÍon of
(C) factors.

Erosion control practices (p) in the form of sÈrip_
cropping or contour ploughing were not observed, therefore
t,he erosion control factor p Ín the USLE was given a value of
1.

Average soil loss within Eden Creek watershed vras com_

puted for all cultívated fieLds and the following management

options were suggested to reduce soiL loss to a t.olerabLe
- -1J.evel .

A = Native vegetation or trees
B = Continuous forâge crop

C = 2/3 forage crop and 1,/3 grain crop

Ð - | forage crop and I grain crop

E = Continuous cropping

F = No changes reguired.

1-As.previousl-y mentioned on page 21, calculaÈj-ons used toderive the estimated soil 10ês-for Ðden creek were based on theEnglish system of weights and measures. Values for A and T v¡ereconverted to metric equivalents.
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The remaÍnder of this section deals with soil 1oss

computations and options for each field withín Eden Creek

watershed , 
I

lMt. L. Slevinsky, Water Resources Branch, assÍsted with the
soil loss computations for Eden Creek $ratershed.
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APPENDIX C

Soil Characteristics of Eden Creek

Watershed (Soil Association in

Which the Dominant SoíI is cray

LuvÍ sol )
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The discussion of the .cray luvisol soils folfow
description by Elrhich er aI . (1958).

1. Granville Association
Gray Luvisol soils consÈitute the largest portion

Granvil-Ie Association. These soí1s are deepJ.y leached

the lorver li¡ne carbonate content of the parenË material

the

of the

due to

Soils of the cranville Assocíation have developed on

boulder til-1 of mixed Iimestone, shaLe and granitic origin.
The parent material is higher in shale content and slightly
l-ower in 1i.me carbonate. Some stoniness occurs but surface
stones are not sufficientl-y numerous to interfere wit.h culti_
vation.

The topography is gently to sÈeeply sJ.oping. The slopes
and knol-1s are weLl drained, however, numerous depressions
are occupS.ed by sloughs and meadows. The vegetation on Ëhe

well drained soils is mainly aspen and white spruce with an

undergrowth of hazel_, wild-rose and shrub-l_ike species. On

poorly drained areas the vegetation may be wiI]ow, reeds,
sedges, and tamarack.

The Granville soils have a moderaÈe degree of naÈural
fertility. Moi sture-retention capacity is good and the soil
reacÈion is favorable for pLant growth. Àtthough the surface
horizon is acid, lime occurs r,¡ithin the root depth of field
crops. The organíc contenÈ is Low and crops respond r,¡eIl t.o

nitrogen fertÍlizers. Soil e¡osion by water is the most

serious problem due to sloping and irreguJ.ar topography.
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According to Elrhich et aL. (1958) the soils a-re best $rited

to mixed farming. Crop rotations should include two to three
years of grass-legume crops to provide protection of the soil
from erosion by nater .

2. Clarksville AssociatÍon

Soils of the Clarksville Association have developed on

boulder tiI1 ¡nade up predominantly of sha1e. The parent

material of these soils contains less Ii.me carbonate than those

of the Granville soils. Surface te:.tures vary from very fine
sandy J,oam to loam. Some stoniness occurs but they do not
inÈerfere with cultivation.

The topography is irregular, and soils on the slopes

a¡e well drained. The native vegetation is predominantly

aspen woods with an under-gror"rth of haze1, wild-rose saskatoon

and choke-cherry.

The C1arksvilIe soil.s have low to moderate natural fer-
tility. Moisture tetention capacity is fair and the soil reac-
tion is favorable to crop growth. The soils have very little
organic matÈer and are deeply leached. Soil erosion by r,rater

is the most serious problem in soiÌs under cultivation due to
irregular topography.

Elrhich et al. (1958) suggested tlnt the soiLs of the Cl-arks-

ville Assoeiation are best suited to the growing of permanent

forage crops to help prevent. soil erosion by v¡ater.
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3 . lvapus

Soils of Èhe Wapus AssociaÈion have developed on

medium textured, shaley tíII deposits. The shaley materiaf
from which ttese soils have deveLoped is 1ow in lime carbonate

content. Surface textures varies from fine sandy 1oam to
silt or clay loam. Some sÈoníness occurs, but generally does

not interfere with cultivation.
The topography is irregular and soil draj-nage is good

due to the high permeabitity of shaley tiLl and underlying
shale rock, The native vegetation is predominantl_y aspen \,rith
an under-growth of hazel and wiLd-rose.

Soii-s of t,he l{apus Association have Low to mod.erate

water retention capacity and lovr natural fertiliÈy. In addi-
tíon, there is tittle or no organíc reserve. These soil-s are

very suscepËible to waÈer erosion especialj-y on the sÈeeper

slope s .

Elrhich et aL. (1958) recsn¡rended tlnt soils of the Wapus

Association should be utilized for livestock production and

forestry. Trees should be planted on steep slopes under cul-
Èivation. On areas thaÈ are less sÈeep, grass-legume crops

should be grown at least three years out of six.



APPENDIX D

FARM BUDGETS - TOTAI COST/RETURN

SUMMARY FOR THREE FAR}{ STZES UNDER PRESENT AND

ALTERNATIVE FARM PRACTICES, EDEN CREEK VIATERSHED
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I-Farm equiPment used in the farm budget analysis was determined to be fully depreciated thereforeno cost was allowed for depreciation.
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IFarm equirnìent used in the farm budget analysis v¿as determined to be fully depreciated thereforeno cost ra'as allolr'ed for depreciation.
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Faxln equipnent used in the farm budget analysis v¿as determined to be fully depreciated thetefore
no cost was allowed for depreciation.

t.
¡.
6.
3.
0.
o.
2.
o.
9.
0.l.
o.,3:
2.
o.
2.

33.
21.
o.
0.

25.

0.0
0.0
0.0

390.00
0.0

163rt9.68

0. o
0.0
0.0
1.22
0.0

51. 09

26.6r
5. 64

17. tt
-3.57



lot¡I Cost a¡ìd flerur¡ sr!!ðry pgr crop For necord flutber 3

_------_-__ ---1u9- 9J-!!::rcrl::---__-__- - -¡h€àt B¡EIay Tdle Hày Total Cost Return/tcr9

I. lcEeagq It Crop ( ¡crùsl
II. cost of Prod uct loDl. f¡el E L ubr lcàtion2. nðDåIrs3. PeÈti.Iiz ¿r{. Pesticides5. Saed Cl€¡n 0 fErat.6. s€eil?. lrlnê CostsE. -L¿boE9. Cqsto¡ C ha!qes10. IBtùrest ODáE. C¡D.!!. Crop Inaltràac€ Prè..12. lot¡l trElùbla Co¡t13. Rert

I l¡. Î¡¡€s15. üachi,nerv fn suEa¡celó. Ov€Ehoad: ilsc.17. .Out of Þockot Cosr¡
!8. Ilyestront Lan¡¿BIdg!9. I¡"estrgnt ln üàch.?9. t¡cht.¡sry DopE. --: I21. lotòI Plioil èoats

22. lotal costs 7tt79.61 5490.?8 11235.02 2q2OS.Il ?5.ór
¡II. Gros6 f,etl¡rns

a2
120

79
38

J
33

2
155

32

507

16

16
579
1ô8

?i: iYSEiiS [f¡lgzrcre '3:99 '!:!8 ,å:iB B:B

ãi' Eiifulir?iiråili"* ',å.å; g:å" "i:1" 
"ä:t'

lot¡I Gross 8stûr¡a 1027rt.00 8400.00 14160.00 32S33.99

.51

.76

.00

.56

.40

.00

.19

.6E

.0

.28

.0

.61

.0

.00

.0

.00
.61
.00
.0
.0
.00

If. latqr¡a to furest¡ontLaDor 6 ;at¡¡ge.ent 6O25.C1 50d¡t.52 826ø.90 193?8.¡t9 60.56
l. 8et[r¡s ro Labor 6 ü9rr. ¡t345.07 ¡400.52 4908.90 12658.¡9 39.5ó

lr. Setur¡s to Lònl E ttgrr. 44?rt.:19 '1589.22 62A!.97 15348.58 {7.96
vrl. tet Returns ro tg¡t. 2'tg4.3g 2gog.22 29¿4.97 s62d.58 26.96

Totil !Out.of Poctet Co:iti Equdls the Su¡ of TaxÊs, FuJl ¿ Lulrrj.c4tiorì- lìeDaga;õ-creãñiñ-q àñã'iieiîiã¡t,'c;ãÞ åiã ñàõ¡i i¿'iisi¡¡anc", r,isc. oe€Ehea.r. , ¿,iÈ i'r" [å[ji ]]ã"i¿ill:'i. "rs, so€ir,lssurcs r2.00c I Return .¡ñ eãp:taI..
=== =E:= === === =

l-Farn equipment used in the farm budget analysis was deternined to be fully deprecj-ated
therefore no cost was allor,¡ed for depreciation.
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III. cEoaa Aetur¡E

120. 120. 120. 120,

-1!?. qq !219.É9 2a4.25 s87.0tt23g.qr 1980.38 ?r4:1rl 8s7:22g.s 594,00 s94,00 594:00g,s 185.Js 18s:3s 0:0-
- _s. g- 98.!g 63.00 0:0
1O9. qO 504,00 ¡t41.00 164:¡0,-q.g 32.0e 0.0 188:96237.Ztt 2276.29 640.74 1216:14,9.9 0.0 0.0 0:061.q8 43J.22 204: 15 2{ð:t0s.s 0.0 0.0 0:0
ll8:ðl 'l'ð:81 "'3:8' 3e17:36
24q.go 24o.oo 2qo:00 2qo. oo
__ S.S o.o o.o - 0:o-

-?!S.AS 2!o.oo 2qo. oo 240.00
! !60.3s 7653.61 3606.63 ttt97;21252q.qo 2s2q. oo 2s2o.oo 2520:0óS.0 o.o o.o 0.0__-s.q- o.0 0.0 0:o3ooo.oo 3ooo. oo 3ooo:oo 3oo0:õo

v Ins[ttrDce; llsc.
Þocket cost.¡t La ¡dEBlild¡t 1n íach. -
t DsÞr. ---- 1iåd Coats

2t. ¡rorago llglð,/¡cre 0.0 Z2.OO2!. IreErqo Prlcg 0.0 3:53?¡. çrop lqgqr. RorsDûe 0.0 0:O39:8lili"l'll7í3b 8:8 "3:80
îotrl crosB Returos 0.0 990t.20

IV. notûr¡s to I¡YoGt¡eD t
LaboE 6 lr¡Àgo.ent -929.11 {526.88 3830. t2 r¡695.80 r2r3t.6o

l. Retûtn3 to Labor & lgrt. -3¡{9.t1 2006.88 l31g.i2 2r75.Bo 205t.69
lÌ. ¡etur¡3 to Lalil B tg¡t. -1160.35 2250.59 3197.3? 3¡19.05 7706.67

Yrr. tet nqtulnr to igrt. -3680.35 -269.¡t 677.37 899.05 -23tr.:t3

$!!il.i$fufi^l3E:i¡":t'.ËelsËiöi-¡iã iå!rîÍ.'iã8ii.iåS] ¡i::3'å9åI*31t,"R8åll"l"[åF,"llã'il,sherrc¡rs' seoit'
¡ss!¡ss r2.000 I f,eturn oi Cãpttal.

lFarm equipment used in the farm budget analys hras determined to be fully depreciated therefore
no cost v¡as allowed for depreciation.

22r1.58
f,6A2.58't782.00

3?0.69
t 11.60

1219.00
221. 054[25.0r

0.0
95r.95

0.0
1089?. 8¡

0.o
960. 00

0.0
960.00

1681?.85
10080.o0

o.o
0. o

t 2000. 00

27.OO r.8r 0. 0
2. 10 3s.r0 0.00.0 0.0 0,0o,o o.o 5s5:000.0 0.0 0.0

680f¡.00 7a'16.t2 2452C.52

0.0
0.0
o.tr.22
0.0

5 r.09

25.27
a.27

16.06
- l. 9ll
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