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Introduction

It is not surprising that this volume of papers, drawn from the
1997 annual conference of the Canadian Geographers Prairie
Division held at Portage LaPrairie, islargely concerned with water.
Earlier in the year, Manitoba had experienced its worst spring
flooding of the century. In fact, as Rannie points out in the lead
article, it was the worst flood in the Red River Valley since 1826.

The grandaddy of them all, the flooding of the Pleistocene
Epoch, dramatically altered the physical geography of the Prairies
and was largely responsible for current topography. In her paper,
Grant analyzes the effects of subglacial meltwaters in Central
Saskatchewan, arguing that the North Battleford fluting field and
the broad plain adjacent to it were produced by flooding at regional
scale.

Rannie’sarticleprovidesauseful historical perspective of flood
hazard in the Red River Valley as well as thoroughly chronicling
the preconditions leading up to the flood and the procedures used
in coping with the 1997 disaster. He also addresses some of the
guestionsraised by theflood experience. Haque and Rahman offer
aparallel paper that also relatesto the 1997 flood. Their principal
concernisto highlight theissuesraised by the event and to propose
ways of mitigating the effects of the flood threat and its aftermath
on the affected population.

McDonald and McGinn are also concerned with spring
meltwaters. Their paper deals with the influence and extent to
which detention ponding delays runoff in small streams feeding
into Clear Lake at Riding Mountain. Their work points to the
advantages of creating retention pondsin the headwaters of larger
drainage systems
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The next two papers, by Kumar, Haque and Pawlak, and Kumar
and Haque, respectively, addressthe obverse side of thecoin. Their
concern is to find ways of defining, forecasting and anticipating
the effects of drought in the Canadian Prairies. Their research
involves the devel opment of models combining satellite data with
agricultural and climatic records. The strategic advantages of such
modelsin forecasting yields, and for the management and planning
for marketing the crop, promisesto beinvaluableto thegrain trade.

Just as the relative importance of cereal grain cultivation in
Western Canada has declined, the economic importance of tourism
and recreation hasincreased. Although tourism has not generally
been regarded as especially important in Manitobaor Saskatchewan,
itis of growing significance in both provincial economies. Much
tourism and recreational development in both provinces depends
in one way or another on water-based activities. The papers by
Welsted and Everitt and Terry and McGinn both deal with the use
of water as arecreational resource. Welsted and Everitt examine
the requirements of water-based sports events at the 1997 Canada
Games held in Brandon, Manitoba. They detail the course
specifications and decision-making involved in locating the various
outdoor, open water events included in the Games. One of these
sites, the waterski facility on the Assiniboine River in Brandon,
required significant modificationsto the existing watercourse. Terry
and M cGinn recount the measures taken to minimize theimpact of
the changes and to monitor the downstream effects of the works.

The paper by Simpson and Hathout al so addressesthe potential
impact of public works on the environment. They illustrate how
GISmodelling can be used to determine the optimum routeway for
an all weather road on the east side of Lake Winnipeg. The road,
when built, will undoubtedly be used to open up new areasin the
region to recreation and resource extraction. Wiseman and Berta
likewise employ GIS maodelling techniques in their investigation
of indicator species analyis as a means of carrying out
ecogeographic analyses of ecosystems. Their work has relevance
for the management of such systemsfor avariety of purposes that
would include recreation and conservation.

In contrast to the foregoing presentations which have a more
physical orientation, the following two studies have a distinctly
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urban focus. Both the paper by Thraves and Barriault and that by
Selwood and Kohm address the changing structure of tertiary
activities in the inner city. Thraves and Barriault, employing
Murphy and Vance's delimitation method, demonstrate that
Regina's CBD has expanded over recent decades. However, they
also show itsfunctions have undergone extensive restructuring over
the same period. In asimilar vein, Selwood and Kohm examine
elements of the sex trade, traditionally acentrally located function,
that is now widely dispersed through the suburbs in response to
changesin theindustry and in consumer demand.

An integral component of the annual conference has always
been afield tripto explorethelocal geography of the meeting venue.
Rather than compiling an itinerary of the trip, Carlyle has elected
to highlight its central theme, that is, the complex and varied nature
of the so-called family farmin Manitoba’s PortagelaPrairiedistrict.
His paper discussestwo widely different examples. afamily-owned,
large-scal e corporation specializing in fresh vegetabl e production,
and a Hutterite colony’s multi-family, mixed-farming operation.

The editors would like to express their deep appreciation to
Weldon Hiebert for his invaluable contribution to the production
of thisvolume of Prairie Perspectives. Weldon designed its cover
and either edited or drafted all of the figuresand mapsin thevolume.
He was also responsible for the page layout. In effect, Weldon
oversaw the entire production process and the professional quality
of the final product is due to his cartographic and design abilities.

It is hoped that this volume will serve as the model for a
continuing series of volumes devoted to the diverseworksof prairie
geographers and those with an interest in the geography of the
Canadian Prairies.

John C. Lehr
H. John Selwood

Winnipeg 1998
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The 1997 Red River flood in Manitoba, Canada

W.F.Rannie, University of Winnipeg

Abstract: Record flooding of the Red River valley in the spring of 1997
caused extensivedamage. |n Manitoba, Canada, the emergency measures
operation wasone of thelargest in Canadian peacetime history. Although
the cost of the flood in Manitoba was very large ($500 million), flood
control and damage reduction programmes successfully averted losses
which would otherwise have been catastrophic. The causesand evolution
of the flood, the emergency measures, the operation of the flood control
system, and someissuesraised by the event are described from aManitoba
perspective.

Introduction

Inthe spring of 1997, the Red River valley of Manitoba, North
Dakota, and Minnesota experienced record flooding. Beginning
with the dyke failure and inundation of Grand Forks, ND, on April
19, coupled with the fires that simultaneously devastated a large
area of the downtown, national and even international attention
was focussed on the region as the flood crest moved down valley
into southern Manitoba. Dubbed the “Flood of the Century” by
themedia, it wasin fact the largest discharge in almost 2 centuries
(since 1826). This paper will review the flood from a Manitoba
perspective, with particular attention to the emergency measures
and the functioning of Manitoba's flood control and damage
reduction system. Some broad issues raised by the event will be
noted.



2 Prairie Perspectives

General Background to Flooding, Flood Control and Damage
Reduction Measures in the Red River Valley

Beginning with the earliest historical accountsin the 1790’s,
the Red River valley hashad along record of flooding. At least 10
major floods occurred in the 19th Century, with those of 1826,
1852, and 1861 (in descending order) being the largest and, until
1997, larger than any since. Throughout most of the 19th Century,
however, the population of the valley was small. Agricultural
settlement and the development of urban centres (particularly
Winnipeg) from the 1880's onward coincided with a long period
of comparitively few floods and none of significant areal extent.
Consequently, the majority of the population had little experience
with floods and were unprepared for the disastrous 1950 event (the
largest in the Manitoba reach of the river since 1861) which
inundated 1650 km? and forced the evacuation of around100,000
people within the valley. Approximately $30 million (in 1950
dollars) were paid in damages and the true cost may have exceeded
$100 million (United States Geological Survey 1950).

Following the 1950 flood, numerous federal and provincia
agencies examined aternative ways to avert similar disastersin
the future. The most immediate response was the construction of
primary dykes (with sewer pumping stations) within the city which
could contain flows up to a stage of 26.5 ft?; with emergency
dyking on top of the primary system, this protection could be
extended to the 1950 stage (30.4 ft above local datum). By 1997,
thisdyking system had reached alength of 110 km, much of which
was incorporated into the street and boulevard system. In 1956, a
Provincial Royal Commission was appointed to determine the
relative economic benefits of the alternative schemes proposed by
the studies and to recommend a course of action.

The Commission’s report, issued in 1958, recommended a
combination of structural measures to protect Winnipeg (Figure
1). The most important, and largest, of these was the Red River
Floodway?, a 47-km excavated earth channel designed to divert
flow in excess of about 78,000 cfs around the eastern perimeter of
Winnipeg. Flow into the channel isregulated by gates on the Red
River at the southern city limit which elevate water level s upstream
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Figure 1. General location map.

and cause excess flow to be diverted around the city, rejoining the
Red 16 km north of Winnipeg where channel capacity is sufficient
to convey the entire flow. Forty-three kilometers of dykes extend
east and west of theriver to prevent water from bypassing the control
structure and entering the city. The normal operating rulesfor the
Floodway limit the upstream elevation to that which would occur
naturally (i.e. with no flood control measures) to avoid increasing
the risk for upstream properties. This procedure would restrict
stages within the city to a maximum of 25.5 ft or 1 ft below the
level of the primary dykes. Under more severe conditions, however,
when stage in Winnipeg could not be maintained at thislevel, these
rules could be superceded to divert more water through the
Floodway (as much as 100,000 cfs under the most extreme
conditions). Thiswould, however, require elevating the upstream
water level beyond the “natural” uncontrolled level.
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The second largest structure is the Assiniboine Diversion, an
excavated 29 km-long earth channel 3 kmwest of PortagelaPrairie
(Figure 1) which iscapable of diverting up to 25,000 cfsnorthward
into Lake Manitoba, thereby preventing the water from entering
the Red River in Winnipeg. Finaly, the Shellmouth Dam on the
upper Assiniboine providesadditional control of Assiniboinewater
heading for the Red River.

With emergency dyking of low areasbetween the city’sprimary
dykes and the river, the system was designed to protect Winnipeg
from floods up to 169,000 cfs with a Return Period estimated by
the Royal Commission at 165 years under normal operating
conditions. The routing of water through this system during such
adesign flood is shown on Figure 2.

After mgjor flooding in 1966, attention turned to the Red River
valley south of Winnipeg. The eight largest communities (Figure
1) were surrounded by ring dykeswhich provided protection against
flows up to the 1950 level. Under a federal/provincial Flood
Damage Reduction Agreement (signed in 1976 and extended in
1981) the community ring dykeswere raised to the 100-year level
(and in some cases extended to enclose a larger area), flood
forecasting capability wasimproved, and detailed maps of theflood
hazard zoneswere prepared. A particularly important new element
in these agreements provided for non-structural, institutional
measures intended to discourage or regulate development in the
flood hazard zone. Through these measures, senior governments
agreed to withdraw mortgage guarantees and development
incentives for new construction in the flood hazard zone which
was not flood-proofed to the 100-year level.

Construction of the structural elements began in 1962; the
Floodway was completed in 1968 and within 4 years al other
componentswerein place. Their effectiveness was demonstrated
almost immediately. From 1969 to 1979, the average flow of the
Red River was the highest on record and the system was used to
manage flows exceeding minimum flood stagein 9 of the 11 years.
Two of these events, 1974 and 1979, were particularly large. In
1979, the estimated uncontrolled stage in Winnipeg was within a
few centimeters of the 1950 level, flooding was extreme throughout
thevalley, and morethan 7,000 people were evacuated; in Winnipeg
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and within the community ring dykes, however, property damage
was neglible and normal city activity in Winnipeg was scarcely
affected. Mudry et al. (1981) estimated that by 1979, the gross
value of damage reduction exceeded $1 billion (in 1979 dollars)
and that the entire cost of the system had been more than recovered
from net damage reduction. After thisflood institutional measures
were strengthened and individuals in the rura areas outside the
ring dykeswere assisted in elevating or dyking existing residential
and some other types of buildings.

The system’svalue was again demonstrated during near-record
flooding in 1996. South of Winnipeg, this event was the third
largest recorded flood (only 1-1.5 ft lower than 1950/79) and in
Winnipeg, the estimated uncontrolled flow equalled 1950/79
(because of alarge contribution from the Assiniboine). Floodwater
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inundated a large area, isolating numerous communities and
individual residences, but because of the control structures and
damage reduction measures, the requirement for emergency
measures was minor. Only about 100 homes required evacuation,
and thetotal flood cost in Manitobawas only $12 million (Manitoba
Government Information Services, 1996).

Flood Forming Conditions in 1997

The weather during the winter of 1996-97 exhibited al of the
classic preconditionsfor large floodsin the Red River valley. After
a wet fall and early onset to winter, winter snowfall was much
above average. More importantly, the absence of significant thaw
from November to March caused the accumulated water content
of the snowpack to be much above normal throughout the Red
River watershed.

At the beginning of the flood forecasting processin February,
then, the combination of these factors was indicating major
flooding, possibly to the 1979 level . Since this was well within
the capacity of theflood protection system, flood preparationswere
locallized and no extraordinary emergency measures were being
contemplated. Furthermore, a gradual melt beginning in early
March suggested that the snowpack runoff might be released in a
manageablefashion. By late March, forecast peak level s (assuming
normal weather) were being revised downward and there was some
prospect that widespread damage might be avoided.

This optimism was changed dramatically by arecord snowfall
on April 5-6 over most of the Red River basin. At Winnipeg, 58
cmwere recorded and as much as 90 cm fell in the southern part of
the basin. Although all major floods on the Red River have been
the result of snowmelt, unusually heavy precipitation just before
or during the snowmelt period is required to produce floods of
1950/79 or larger size. In 1997, the April blizzard provided this
crucial event, transforming what would have been a large but
manageabl e flood into one far exceeding any since gauge records
began (in 1875 for stages in Winnipeg).

The importance of this snowfall can be gauged from the fact
that in the1950 and 1979 floods, runoff from the watershed above
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Winnipeg during the entire months of April and May was 50-70
mm. Thus, the 1997 storm added an amount of water to the basin
approximately equal to the entire runoff during the two largest
recorded floods. This was, of course, in addition to the heavy
existing snowpack. Furthermore, although the southernmost
portion of the basin received rain, the fact that most of this
precipitation over the mgjority of thebasinfell assnow had acritical
effect on the timing of the runoff. Had the precipitation fallen
entirely as rain, runoff would have been more rapid and as the
main flood crest moved downvalley, much of thelocal runoff would
have been dissipated and contributions by tributaries would have
been smaller. This is, in fact, the normal pattern during major
snowmelt floods— in Manitoba, tributaries have normally peaked
before the main Red River crest arrives. In 1997, however, the
blizzard was followed by 10 days of cold, mostly subfreezing,
temperatures and very little melt, further delaying the runoff
process. At Winnipeg, for example, only 10 maximum degree-
daysabove 0°C accumul ated between April 7 and April 17 (Figure
3 inset). In the southern part of the basin, however, more of the
precipitation occurred as rain and very warm temperatures set in
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more quickly. Thus exceptional runoff was generated quickly in
the southern basin but delayed further north. When strongly positive
temperaturesreturned in Manitobaon April 18, snowmelt was being
generated simultaneously over the entire Red River valley and the
tributaries were close to their peaks as the main flood crest from
the United States arrived. A crucial point which will be discussed
bel ow wasthefact that the A ssiniboine basin escaped this snowfall
amost entirely.

Emergency Measures

In March, some preparations had begun to protect the most
vulnerable areas from possible flooding to the 1950/79 levels.
After the blizzard, forecast stages were revised upward to 2-3 ft
above the 1950/79 level and emergency measures were begun in
earnest. Theassistance of the Canadian Armed Forceswasformally
regquested by the Province on April 10. Flood formation along the
southernmost reach of the Red began in the following week,
reaching its peak in Fargo on April 18 and in Grand Forkson April
21-22. The unprecedented discharge being recorded at Grand Forks
caused further upward revisions of forecast peak stagesthroughout
the Manitoba portion of the valley. These revisions and the
catastrophic dyke failure in Grand Forks, elevated the flood
preparations in Manitoba to those of a full-scale emergency and
the images of flood and fire to the south galvanized the Manitoba
populace.

In the valley south of Winnipeg, community ring dykes were
raised to accommodate the forecast peaks with about 2 ft of
freeboard and highway gapsthrough the dykeswere closed. Outside
thering dykes, individual dykeswere raised or constructed around
several thousand residences and other buildings. Most farm animals
and poultry were evacuated and equipment was moved to higher
ground.

A State of Emergency was declared on April 20 and 21 for
areas in the immediate path and on April 22, the Provincial
government declared a general State of Emergency for the entire
Red River valley. Although voluntary evacuation of some areas
had begun earlier, a schedule of mandatory evacuations was
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recommended on April 23 and by April 30, 17,000 people had
been evacuated from the valley, with a further 7,000 within
Winnipeg (ManitobaNatural Resources 1997a). Thetotal number
of evacuees eventualy reached 27,400 (Globe and Mail 1997).
The magnitude of the task led to further requests for military
personnel and equipment. Ultimately, 8,500 army, navy, air force,
and coast guard personnel were deployed in the largest Canadian
military operation since the Korean War. These personnel
supplemented a civilian “army” of several thousand provincial
employees, countless engineers, surveyors, equipment operators
and others with technical skills seconded from the private sector,
and tens of thousands of volunteers who built and patrolled dykes,
maintained pumps, managed evacuation centres and supported
others with cooking, transportation, etc.. In al its aspects, the
month-long emergency management operation was the largest in
Canadian peacetime history.

The most dramatic of the emergency measures was the
construction of the “Brunkild” or “Z” dyke. As the flood crest
approached Winnipeg, concern was expressed that the very high
stages expected upstream of the Floodway might permit water from
the Red and upper Morris Rivers to bypass the western portion of
the Floodway wing dyke and enter the city viathe La Salle River
(which joins the Red just downstream of the Floodway control
structure). To prevent this, an extraordinary engineering operation
extended the wing dyke westward by 26 km (the Brunkild or “Z”
Dyke) and augmented 15 km of the existing dyke (Figure 4).
Construction of the dyke began on April 24 and continued on a 24-
hour basis until its completion on April 28 (improvements were
made over the next severa days). Inthe main construction period,
up to 400 pieces of earth-moving equipment were used to emplace
approximately 750,000 m?® of earth, 142,000 tonnes of limestone,
2,000 1-tonne “super sandbags’, and 4,000 bales of straw. Forty
kilometers of snow fence, 8 kilometers of oil boom and 2.4
kilometersof derelict vehicleswereinstalled to absorb wave energy
(ManitobaNatural Resources, 1997b). Morethan 450 peoplewere
involved in the effort, supported by airdropped flares to permit
work at night.
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In Winnipeg, the control system was expected to maintain peak
stages at about 2 ft below the level of the primary dyke system.
Consequently, the emergency dyking (involving 6.5 million
sandbags and extensive earth dykes) was limited to about 570
(mostly residential) properties in areas between the primary dyke
and theriver. Inaddition, a4 km-long earth dyke was constructed
in the southern area of the city to redirect the flow of the La Salle
River inthe event that the Brunkild Dykewasbreached. Residents
of 3456 homesin several of these areas were evacuated, most as a
precautionary measure, and others were put on evacuation notice
should conditions worsen. Because of this dyking, only about 30
properties within the city were flooded, although afurther 74 were
damaged by basement flooding after about 30 mm of rain on May
7 exceeded the sewer pumping capacity (City of Winnipeg 1997).

North of Winnipeg, downstream from the Floodway outlet,
the greater channel capacity was sufficient to carry the entire flow
without flooding. Nevertheless, sandbag dykes were required to
protect numerous homes on very low ground, particularly where
locallized flooding occurred at the junctions of tributarieswith the
Red.

Progress and Magnitude of Flood

The progress of the flood, from Grand Forks to Winnipeg is
shown on Figure 3. The crest at Grand Forks occurred on April
21-22 and reached Emerson on the Manitoba-United States border
on April 27. Even before the arrival of the main crest, however,
widespread flooding was occurring along most of the Manitoba
portion of the valley due to the melting of the heavy snowpack.
Minimum flood stage was reached at Emerson and Morrison April
19 and in Winnipeg on April 22. The 1979 stage was reached in
Emerson on April 23 and by April 25, 1979 levelshad been equalled
or exceeded along the entireriver.

Most of the Red River tributaries in Manitoba were reaching
their peaks in the April 20-25 period, close to the arrival of the
main flow from the United States portion of thebasin. Theextensive
nearly flat land bordering theriver permitted floodwatersfrom both
the Red and its tributaries to merge and spread over a broad area.
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Eventually, the Manitoba portion of the flooded areacreated a2000
km? water body with a maximum width of about 40 km, quickly
named the “Red Sea’ by the media (Figure 4).

Although the storage provided by this “lake” would normally
flatten the hydrograph somewhat as the flood wave moved toward
Winnipeg, much of the potential storage was already occupied by
overland runoff and tributary overflow. Thismay partially account
for thefact that peak stages exceeded 1979 levelsby progressively
larger amounts downstream- by 1.23 ft (0.38 m) at Emerson on
April 27,2.08ft at Morris (April 30), 3.4 ft at Ste. Agathe (May 2),
4.19ft at St. Adolphe (May 3), and 6.31 ft upstream of the Floodway
at Winnipeg (May 4). These stages were generally 10-15 ft above
minimum flood stage.

At Winnipeg, the Floodway began operation to control flow
through the city on the evening of April 21, 13 days before the
arrival of the main flood crest, to manage the high flows being
generated by snowmelt over just the Manitobaportion of thevalley.
At the Floodway entrance, peak discharge of 138,000 cfs did not
occur until May 4. Discharges on that day at various pointsin the
vicinity of Winnipeg and on the Assiniboine (Figure 5) demonstrate
the gravity of the situation and the magnitude of the disaster the
flood control system averted. Without the control system, it is
estimated that Winnipeg peak stage would have reached 34.3 ft
(Warkentin, 1997), about 4 ft above the 1950 level and 8 ft above
the primary dyking system. Such an uncontrolled flow would
have flooded much of the city and forced the evacuation of alarge
percentage of the population of 650,000. With the flood control
system operating, however, peak stage in the city was limited to
24.5 ft, 2 ft below the primary and secondary dykes.

As Figure 5 shows, most of this protection was due to the
Floodway which at the flood peak carried 47% of the upstream
flow (65,100 cfs) around the city. Once the crest was reached on
May 4, the operation of the Floodway became acompromise among
competing (and partially contradictory) objectiveswithin Winnipeg
and upstream of the Floodway. In both locations, the longer water
levelsagainst the dykesremained high, the greater wasthe potential
for failure, leakage, or overtopping by waves and wind setup. In
Winnipeg, where most secondary dykeswere on theriverbank, the
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Figure5: Routing of flow on May 4, 1997.

threat of bank collapse from the weight of the dykes became an
urgent concern. Thus, even after the crest had passed, water
continued to be diverted at a high rate to reduce stages within the
city asrapidly as possible and permit secondary dykesto belowered
or dismantled earlier. In addition, lowered city stages reduced the
potential for damages from sewer backup if significant rainfall
occurred. The permissable rate of stage reduction in the city was
limited, however, by concern that too rapid adrop might itself have
caused dyke or bank failure. Upstream of the Floodway, |ower
levels were desirable to reduce the pressure against dykes and
eliminate the threat from wave action, wind setup, and leakage.
When stages within the city fell below minimum flood level, flow
through the Floodway was reduced more quickly, reaching zero on
June 3.
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Less well-appreciated by the media and public was the role
played by the Assiniboine Diversion in reducing flows within
Winnipeg. Although maximum runoff in the Assiniboine basin
was only 0.17 m3/sec/km compared with 1.18 m3/sec/km? in the
Red, flowswere nevertheless above average and in the daysleading
up to the Red River crest at Winnipeg, approximately 11,700 cfs
were being diverted out of the Red River system, virtually
eliminating downstream flow toward Winnipeg (on May 2, flow
downstream of the Diversion actually reached zero). Without this
ability to reduce flow in Winnipeg, discharge within the city would
have been about 15% greater and stages possibly 2.5 ft higher,
exceeding thelevel of the primary dykes. To handlethisadditional
water by routing more through the Floodway (which was aready
carrying about 9% more than its normal design capacity) would
havefurther compromised the already critical state of the surviving
dyked buildings within the backwater zone, and reduced the
capacity to accommodate higher flowswhich might have devel oped
with adverse wesather.

The estimated uncontrolled peak stage and discharge in
Winnipeg were 34.3 ft and 163,000 cfs respectively (Warkentin,
1997), approximately equal to the values estimated for the second
largest known flood, in 1852. Thus, in 204 years of documented
flood history in Manitoba, the 1997 flood was exceeded only by
the 1826 event (which reached a stage about 2 ft higher in
Winnipeg). The most recent frequency curves indicate that from
Emerson to Winnipeg, the 1997 flood had a Return Period of 110-
120 years.

The relative discharges of the Assiniboine and Red Riversin
1852 are not known. Interestingly, however, diary entries by
Reverend Abraham Cowley indicate that the Assiniboine exceeded
bankfull stage from Portage la Prairie to modern-day Headingley:

May 22, 1852: Reached Portage laPrairie; Herethe people
have been flooded out of their houses...

May 24, 1852: Left Portage la Prairie & descended the
river till nearly sun set... It has become difficult to land
when one wishes the banks being generally overflowed.
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May 25, 1852: Reached White Horse Plain much of it is
overflowed...

Prior to 20th Century dyking, natural bankfull discharge along
thisreach was 12-15,000 cfs (Mudry et al. 1983) and the quotations
above indicate that discharges significantly in excess of thisvalue
were occurring closeto the Red River peak date (c. May 19). If the
uncontrolled 1997 peak stage in central Winnipeg was about the
same as in 1852, it is possible that the 1997 flow on the Red
upstream of the city may have been somewhat larger than in 1852.

As severe as the 1997 event was, but for two factors, it could
have been significantly worse. The first was the favourable flow
pattern of the Assiniboine River. Aswas noted above, most of the
Assiniboine basin escaped the major blizzard that produced the
exceptional runoff in the Red River basin. Upstream of the
Assiniboine Diversion, discharge peaked at 29,500 cfs on April
20, two weeks earlier than the crest of the Red (at Winnipeg), and
fell rapidly thereafter; by April 22, it was only 14,980 cfs, well
within the capacity of the Diversion to re-route the entire flow as
discharge of the Red approached critical levels. By the crest date
of the Red (May 4), it had fallen to 10,500 cfs. In contrast, in
1996 maximum discharge was 32,700 cfs and the maximum ever
recorded was 51,700 cfsin 1976. Clearly, theAssiniboineiscapable
of generating much more runoff than occurred in 1997 and had
significant areas of the basin been affected by the blizzard, it is
likely that peak discharge would have been larger and would have
occurred somewhat later. Even the 1996 discharge exceeded the
capacity of the Diversion and the excess downstream flow from a
flow of that magnitude would have produced stages in Winnipeg
near the level of the primary dykes. With the Floodway operating
slightly above desired capacity, virtually any increase in the
Assiniboine flow entering Winnipeg would have required either
raising the city’s primary dyke system (which would haveincreased
the magnitude of the emergency measures enormously, endangered
more properties, and increased the number of evacuations) or
diverting more water through the Floodway, causing flooding of
even more properties in the backwater zone. With the negligible
inflow of the Assiniboine, virtually the entire 1997 peak flow was
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from the Red River and the assumptions about the water gradient
south of the confluence on which the normal operating rules for
the Floodway were seriously compromised. Stages of 24.5 ft in
central Winnipeg (which allowed for 2 ft. of freeboard) translated
into relatively higher equivalent stagesin south Winnipeg, coming
within inches of overtopping the secondary dykesin St. Norbert
(Manitoba Natural Resources 1997d).

The second mitigating factor wasthe favourable weather which
prevailed after the blizzard. From April 7 to the flood crest at
Winnipeg on May 4, precipitation at Winnipeg wasonly 70% (c.20
mm) of normal. A magjor rainstorm (30 mm) on May 6-8 came
after the river had crested and had little effect on river stage,
although it did cause sewer backup and damage to some Winnipeg
homes. The greatest weather hazard came from strong (50-70 kph)
south winds on several days when stages were near their crest.
Waves and setup on the 2000-km?“lake” elevated downwind water
levels and threatened the integrity of many dykes.

In the valley south of Winnipeg, ring dykes had been elevated
to 3-4.5 ft above peak stages. With continuous monitoring and
maintenance, the dykes held and little damage occurred within these
communities. Individually dyked buildings in the predominantly
rural areaoutside thering dykes, however, fared lesswell. Almost
ayear afterthecrest (April 20, 1998) 5,247 privateand 69 municipal
damage and compensation claims had been filed (Siroka 1998).
With dlightly more than 50% of claims settled, $116 million had
been paid out ($61.4 million to private owners and $54.6 million
to municipalities). Published figures for expenditures on
emergency measures, cleanup, and repair of roads and bridges
exceed $120 million. When other costs such as uncompensated
damage, lost income and business, donated goods and services,
reestablishment of businesses, interest on lines of credit to
municipalities, stabilizing damaged riverbanks in Winnipeg etc.
areincluded, the ultimate costs of the flood may reach $500 million.
Spurred by Canadian mediaattention, several national fund-raising
campaigns raised ¢.$20 million to assist victims beyond official
governmental compensation.

Damage severity increased downstream, being greatest in the
Rural Municipality of Ritchot immediately south of Winnipeg
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where two communities suffered particularly heavy losses. Ste.
Agathe (population 500) was not protected by aring dyke, relying
on a combination of road and railway embankments, some
permanent dykes, and emergency dykes. This defence failed on
April 29 when water washed out a section of temporary dyke and
flooded much of the town. Grande Pointe is a residential
community of 150 homes one km south of the Floodway and thus
outside of its protection. On May 1-2, as flow upstream of the
Floodway was nearing its peak, dykes around ¢.125 homes were
overtopped.

A notable feature of Red River floods is their long duration.
The large volume of storage within the valley which causes a
gradual buildup to the peak also extends the recession limb over
several weeks after the crest. In 1997, flow did not fall below
minimum flood stage between Emerson and St. Adol phe until May
25-29, four weeks after the peak; at most locations, the river was
above minimum flood stage for atotal of 36-40 days. Thus the
danger from dykefatigue, leakage, waves, wind setup, and adverse
weather required vigilance for some time after the crest passed.

Evacuees began returning to some regions on the margins of
the flooded area on May 3-5 but the long recession delayed re-
entry to most communities and homes near theriver. Emersonwas
not re-occupied until May 12, 3 weeks after evacuation began and
as late as May 15, 12,000 people remained evacuated (Manitoba
Natural Resources 1997¢). Most of these were permitted to return
beginning on May 17. In Winnipeg, where the majority of
evacuations were precautionary, most evacuees were resettled by
May 15.

Discussion

The 1997 flood raised (or resurrected) anumber of broad issues,
including such immediate concerns as the level and timing of
damage assistance, the management of emergency measures, and
the precision of forecast stageinformation on which dyke building
in the valley was based.

Some of the strongest criticism concerned the operation of the
Floodway. Flow into the Floodway is created elevating the upstream
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water level of the Red River and normal operating rules limit this
upstream elevation to that which would have occurred with no
control measures (i.e. in the absence of the Floodway, Assiniboine
Diversion and Shellmouth Dam). In several previous floods,
property owners in this affected area claimed that the control
structure had created higher-than-natural water levels upstream.
Predictably, the controversy was renewed in 1997 when for the
first timeit was necessary to divert morethan 60,000 cfsto maintain
stages within Winnipeg at design level. Beginning on May 1,
upstream water levels were raised by about 0.5-1.0 ft* above the
designor “natural” stageto increase Floodway dischargeto 65,100
cfs. This decision was taken to provide 1 ft additional freeboard
on the city dykes, to reduce the possibility of storm sewer backup,
and to prevent overtopping of secondary dykesin the southern part
of the city (Manitoba Water Resources 1997d).

After Grande Pointe suffered major damage, the May 3 headline
inthe Winnipeg Free Pressproclaimed “ Suburbs Sacrificed to Spare
Winnipeg”. While the small artificial elevation of water level
upstream may have been aminor contributing factor to theflooding
of these properties, many of the assertions of residents of the
upstream zone misrepresent the hydrological circumstances and
the gravity of the situation. For example, the President of The 768
Association, representing the residents of Turnbull Drive
immediately south of the Floodway control structure, offered the
following critique of the operation of the control system:

When one reviews the 1997 flood and in particular
compares its progress to both the 1996 and 1979 floods...
itisdifficult not to conclude that the 1997 flood was made
far worsethan it should have been because of the operation
of the control gates... Within 3 days of activating the control
gatesthe flood waters south of the gateswere approaching
the historic 1950 levels... Most profound to me, was the
degree by which the 1997 flood deviated from the pattern
of the 1979 flood... Since >80% of the flood waters come
from the ... (United States), and since during the time of
the flood there was no significant precipitation, and since
much of the local runoff had preceded the crest period,
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one would anticipate a similarity between the 1979 and
1997 floods. That similarity ssimply doesnot exist. (Hunter
1997)

Thesimilarity Hunter felt should have occurred didn’t because
the hydrologic circumstancesin 1997 were so different from those
of 1979. Aswas noted above, the delay in significant melt for 10
days after the blizzard caused severe runoff to be generated
simultaneously over the entire basin. In contrast, the severity of
the 1979 flood was primarily the result of heavy rainfal in the
United States portion of the basin during the snowmelt period. In
1997, levels equalling 1979 and/or 1950 were produced by “local
or regional” runoff. The 1979 stage was surpassed at Emerson and
Letellier on April 23, at St. Jean aday later, and by the morning of
April 25 (about 3 daysafter the beginning of operation of the control
gates), 1979 levels had been reached or exceeded aong the entire
Manitoba section of the river, 5-10 days before the arrival of the
main body of water from the United States. By the morning of
April 26, discharge at the Floodway entrance was dightly greater
than the peak 1979 discharge and the crest was still 9 days away.
Thus, Hunter’s statement that “ much local runoff preceded the crest
period” ignoresthefact that this“local” runoff wasby itself capable
of producing 1979 levels and initiating the operation of the
floodway. Although the control gates were indeed raised very
rapidly from April 22to April 24, thiswasaresponseto therapidly
rising stage complicated somewhat by ice problems; actual stages
during the period closely followed the computed natural stages
until April 27 (Figure 6, Manitoba Water Resources 1997d).
Thereafter, for the reasons noted above, stage was 0.5-1.0 ft above
natural until May 7.

A more fundamental issue, however, is the fact that many of
these buildings in the upstream “backwater” zone post-dated the
beginning of Floodway construction and their presence
compromisesthe most effective operation of the structure designed
to protect the adjacent city of 650,000. Thisproblemwill continue
to arise in future floods unless long-term policies for building in
this area (including more strict and carefully enforced land-use
regulation) areimplemented. Within Winnipeg, numerous buildings
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Figure 6: Actual and computed natural stages north and south of the
Floodway and at James Avenue, and control structure gates elevations
(after Manitoba Water Resources 1997d).

which required dyking were located within the flood hazard zone
where again, more strict land-use control within the flood hazard
zone will be necessary to reduce the need for future emergency
measures.

The 1997 flood also refocussed attention on the question of
land drainage in the Red River Valley, an issue which was raised
after the 1979 flood but which quickly died away during the
subsequent drier period of the 1980's. Beginning early in the
century, extensive artificial drainage of agricultural land in the
valley has been effective in speeding the spring drainage of
agricultural land and in draining wetlands for agriculture. It may
also, however, have intensified runoff and increased effective
drainage area by transforming non-contributing into contributing
area. Theincreased incidence of flooding in the last 30 years has
drawn attention to the drainage ditches as a possible contributing
factor; whilethey are not the cause of major floods, their cumulative
impact in exacerbating flood levels needs to be re-examined.
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Not all consequences of the flood are negative. Every flood
has left its own legacy of improvement in the region’s ability to
cope with its greatest natural hazard. The 1950 flood led to the
construction of the basic control measures, focussing on Winnipeg.
After the 1966 event, the ring dykes around valley communities
wereadded to theinfrastructure. The 1974 flood initiated discussion
of flood-proofing and institutional measures without which the
effectiveness of the structural measureswould be gradually eroded.
Finally, the 1979 flood led to an increase in the design standards
for dykeswithinthevalley, triggered the dyking and flood-proofing
programme, and reinforced the need for ingtitutional measures. The
1997 flood will produce a similar improvement in flood
preparedness and further reduce the damages from future floods.
Many new earth dykeswill become permanent and theimprovement
of the community and individual dykes will provide greater
protection. More strict land-use control and enforcement  will
further reduce the need for future emergency measures. The first
stepsin this direction were announced in July 1997. Under ajoint
Provincial and Federal programme similar to that implemented
after 1979, community ring dykeswill beimproved, new ring dykes
will be constructed (eg. around Ste. Agathe and Grande Pointe)
and individuals will be assisted in permanently dyking, elevating,
or relocating buildings to 2 ft (0.6 m) above the 1997 level at an
estimated cost of $50 million (Manitoba Government Information
Services 1997). The City of Winnipeg has also announced plans
toincreasethe secondary dyke system, isolate health carefacilities
from the sewer system, improve pumping capacity, control urban
drainage, and extend the regulation of land use.

Perhaps the most important legacy is the heightened general
awareness of the hazard. The flood educated the public regarding
the functioning of the control system and will undoubtedly ease
the acceptance of the need for future expenditures, land-use
regulation, and other damage-reduction measures. Understandably,
the greatest media attention was devoted to the drama of the
emergency response and thevictims' losses. With somereflection,
however, the biggest story of the 1997 flood was probably what
didn’t happen— the widespread flooding and whol esal e evacuation
of Winnipeg. The damages such an event would have entailed are
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difficult to envisage but would have been many billions of dollars.
On a smaller scale, the undamaged ring-dyked communities and
individual buildings throughout the valley were less newsworthy
than the devastation suffered by Ste. Agathe, Grande Point and the
many buildingswhose dykes proved insufficient. Nevetheless, the
fact that the flood control and damage prevention measures averted
perhaps 95% of the damages that would otherwise have occurred
(and virtually 100% of the damagesthey were designed to prevent)
demonstrated the effectiveness of the programme of flood control
and flood proofing which has been evolving in Manitoba over the
last 50 years.
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End Notes

L Although Sl unitsare normally preferable, local convention during
the flood in media reports, published data and most discussions was to
state stage and discharge in Imperia units. Since these units are so
engrained in local usage, even within the professional hydrologic
community, this convention has been followed in this paper. Thusstageis
given in feet and discharge is given in cubic feet per second. All other
dataaregivenin Sl units.

2,Stages for the Red River in Winnipeg are stated in feet above the
normal winter ice level at James Avenue, in central Winnipeg just
downstream of the confluence with the Assiniboine. This reference
elevation has been defined as 727.57 feet above sealevel.

3.The capitalized term “Floodway” used in this paper refers to the
official name of the diversion channel around Winnipeg and should not
be confused with the more general usage el sewhereto designate aspecific
portion of the floodplain.
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4. Existing rating curves (dating from the 1950's and 1960’s) indi cated
that stagewas about 1 ft above“ natural” but the 1997 experience suggested
that these curves yielded stages which were about 0.5 ft too low. Thusit
was estimated that the “ excess” elevation wasonly 0.5 ft above “natural”
(Manitoba Natural Resources 1997d)
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Subglacial meltwater features in
central Saskatchewan

Nancy M. Grant, Univer sity of M anitoba

Abstract: The landscape in the Rural Municipalities of Viscount and
Wolverine in central Saskatchewan contains an assemblage of glacial
features that includes large-scale lobate gravel forms, discrete zones of
hummocky terrain, a rudimentary anabranching channel system, and
boulder-paved scour zones. These elements are associated with an ice
marginal environment during thefinal deglaciation of thearea, although it
isunlikely that they are genetically related to the large-scale, integrated
system of proglacial lake and spillway development that characterizesthe
Interior Plains. Using geomorphological and sedimentological evidence
it isconcluded that the assemblage of featureswasformed by aturbulent,
non-channelized, subglacial flow event that issued from the glacier margin.
In the subglacial environment, this highly erosional event produced
morphologically distinct tracts of hummocky terrain and linear scoursthat
are densely covered with boulders. The rapid deposition of multi-modal
gravel in large lobate forms ensued as the flow moved from a subglacial
to aproglacial environment.

Introduction

The landscape of the Canadian Prairies is characterized by a
complex network of proglacial lake basinsand deeply incised valleys
that developed as meltwater drained away from the southwest
margin of the Laurentide Ice Sheet. The evolution of the network
of spillwaysinvolved theimpoundment of proglacial lakesalongthe
icemargin and their subsequent catastrophic drainage duetoinfluxes
of large volumes of water and the opening of previously blocked,
topographically lower outlets (Kehew and Lord 1986; Lord and
Kehew 1987; Kehew and Teller 1994a). Landform assemblages,
however, commonly occur in suites of several genetic types.
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Different geomorphic forces operating at different timesor asingle
geomorphic force operating under different conditions may
contribute to the genesis of the various elements of a particular
landscape. The possible contribution of subglacial fluvial processes
to the evolution of the largely proglacial drainage system is one
example of thelatter circumstance. Inlight of the growing body of
work identifying the significance of subglacial fluvial processesas
causal mechanisms in the formation of numerous features of the
Prairielandscape (Shaw and Kvill 1984; Shaw et al. 1989; Rainset
al. 1993; Sogren and Rains 1995; Grant 1997), it is reasonable to
speculate that the subglacial and proglacial drainage systems may,
in some respects, be genetically linked.

The landscape in the Rural Municipalities of Viscount and
Wolverine in central Saskatchewan contains an assemblage of
glacid featuresthat includeslarge-scalelobate gravel forms, discrete
zones of hummocky terrain, and arudimentary anabranching channel
system. These elements do not appear to be genetically associated
with the larger scale integrated proglacial drainage system that
developed astheice front receded from the region. Alternatively,
they formed during an earlier event asahighly turbulent, subglacial
meltwater sheet flow that issued from the glacier margin.

Regional Context

TheRura Municipalitiesof Viscount and Wolverine arelocated
on the central Saskatchewan Plains approximately 120 km southeast
of Saskatoon (Figurel). The study area is contained within the
Assiniboine River Plain (Acton et a. 1960) that forms a central
lowland bordered on the east by the Touchwood Hills Upland and
on the west by the Allan Hills Upland. The gently undulating to
rolling topography that rangesin elevation from450 mto 600 mis
characterized by a combination of almost featureless plains and
hummaocky terrain. Drift deposits in the area vary in thickness
from 1 mto more than 300 m (Greer and Christiansen 1963). The
most striking geomorphological aspect of the study area is its
relationship to the large-scale system of proglacial lakes and
spillways that formed during the final deglaciation of central
Saskatchewan.
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and Miscount and the sites of exposures discussed in the text.
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Kehew and Teller (1994a) provide a detailed synopsis of
proglacial lake and spillway development in central Saskatchewan
asit is currently understood (Figure 2). In their summation, the
development of the large spillways occurred subsequent to the
ponding of glacial Lake Saskatchewan, glacia Lake Elstow, and
glacial Last Mountain Lakeinisolated basinsaong theice margin.
With ice retreat these isolated basins were thought to have been
joined as spillways were formed. Glacia Lake Elstow formed
between the ice margin and the northern end of the Allan Hills.
Kehew and Teller (1994b) determined that the lake was ponded on
top of stagnant ice along its eastern margin and at its outlet. As
melting of the ice front progressed, an outburst flood incised the
Blackstrap spillway from glacial Lake Saskatchewanto glacia Lake
Elstow across a divide of stagnant ice and over the western edge
of theAllan Hills. Duringitsearly stages, glacial Lake Elstow was
drained by the south trending L ewis spillway on the eastern edge of
theAllan Hills, through the Last Mountain Lake valley and into the
Qu' Appelle River. Astheicelobefilling the Last Mountain Lake
valley retreated northward, the Lewis spillway was abandoned in
favour of the southeast flowing Watrous spillway as an outlet for
glacial Lake Elstow. Intheinterpretation of the deglaciation of the
area by Greer and Christiansen (1963), there was a subsequent
complex history of ice retreat and lake evolution that included the
development of major re-entrants and at least one episode of ice
readvance. Most of the meltwater flowing into the glacial Last
Mountain Lake was believed to have originated in the interlobate
area, though the Lewis spillway was also used (Greer and
Christiansen 1963). With further retreat, the glacier wasinterpreted
to have divided into two distinct lobes that had subglacial streams
issuing from minor re-entrants. In the interpretation of Greer and
Christiansen (1963), meltwater discharged from the northwestern
lobe through the Watrous spillway, as well as the more northerly
Plunkett channel. Kehew and Teller (1994b), however, reinterpreted
the formation of the Watrous spillway. They concluded that the
lobe of icethat occupied the Last Mountain Lake valley separated
fromthe still active glacier in the Saskatchewan RiversPlain. The
Watrous spillway wasthen rapidly incised acrossadivide of stagnant



30 Prairie Perspectives

hummocky terrain
with north-south
oriented pattern

5. grooved

.. scour zone

non-oriented

hummocky terrain hummocky terrain

with subtle
northwest-southeast A
oriented pattern

lobate
gravel forms

eroded
X~ Plunkett .‘ .° till plain
———— «s channel

hy 2
A QQ erosional
0 5
remnants
km

Figure 3: The study area contains a suite of landform elements
including hummocky terrain, an extensively scoured zone, large-scale
lobate gravel deposits and the Plunkett Channel.

ice by a short-lived outburst that catastrophically drained glacial
Lake Elstow into glacial Last Mountain Lake.

The purpose of this study was to investigate the origin of the
suite of landform elements that are associated with the Plunkett
Channel to determine whether or not its formation was coincident
with the development and drainage of proglacial lakes during the
final deglaciation of thearea. 1n addition to the Plunkett Channel,
there exist a series of large gravel lobes and distinctive tracts of
hummocky terrain that are elementsin an assemblage of geomorphic
features that developed at the same time by the same formative
event (Figure 3).

Geomorphology of the Plunkett Channel and Associated Features

TheRura Municipalitiesof Viscount and Wolverine arelocated
north of the Lewis and Watrous spillways on the eastern edge of
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glacial Lake Elstow (Figure 2). The predominant surficial deposits
inthisareaincludeglaciolacustrineclay andsilt, till, and ill-lacustrine
melanges (Edmunds 1962). The margin of glacial Lake Elstow is
characterized by thin, discontinuous glaciolacustrine sedimentsthat
occur in conjunction with morewidespread glacial deposits. These
sediments grade into hummocky terrain composed of till and small
pockets of glaciofluvial material. The hummocky terrain near the
eastern margin of glacial Lake Elstow is highly variable in its
geomorphological characteristics. In the northwest portion of the
study area, the hummocky terrain has an average relief of
approximately 15 m and is characterized by closely spaced
hummocks that are separated by densely distributed, closed
depressions. Small areas of less that a few sguare kilometres of
flat-lying lacustrine deposits al'so occur. Many of the hummocks
have circular and near-circular rim ridges enclosing central
depressions at their apices. Generally, neither the hummocks nor
the depressions exhibit any discernible orientation and no overall
pattern within this zone is evident. It does, however, truncate an
area of higher relief hummocky terrain to the north. In the older,
higher relief terrain, lakesand small depressionshavealargelength-
to-width ratio and are arranged in parallel lines that have a north-
south orientation. The elevationisapproximately 15 m higher than
the hummocky area to the south and west and the relief ranges
from 20 to 30 m.

The boundary between these tracts of hummocky terrain is
marked by a narrow zone of very distinct northwest-southeast
trending lineations. Linearly arranged lakes, depressions, and
hummaocks are contained within a 2.5 km wide, concave trough
that is bounded on both sides by pronounced sharp-crested ridges.
The trough diverges at its southeastern extent into a zone of low
relief terrain that is characterized by a dense network of small
northwest-southeast trending grooves. The grooves vary in depth
and morphology from those with smooth, gently sloping sides to
those with sharply defined margins, steep slopes, and pitted floors.
The eastern margin of this scoured zone is sharply defined by a
seriesof large, flat-topped, lobate forms composed of coarsegravel
(Figure 4). The gravel lobes extend from north to south for a
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Figure4: Aerial photograph of gravel lobes and scour zonein
the Rural Municipality of Wolverine showing the zone of scouring
(SC) and depositional gravel lobes (L), hummocky terrain (H) and
the Plunkett Channel (PC).

distance of 10 km and range in width from 1to 2 km. Theleading
edge of thelobes drops steeply 10 m to an extensivetract of eroded
till plain. The boundaries between individual lobes are marked by
elongate depressions that are very densely paved with boulders
and generally contain water (Figure 5).

The eastern margin of the zone of gravel lobesisvery sharply
defined whereit is superimposed on anorth-south trending tract of
amost featureless, eroded till plain. A soil survey map of the area
shows that the soils associated with the eroded till plain are
predominantly Solonetzic (Mitchell et al. 1947). Themost prominent
feature onthetill plainisaseriesof sub-paralel, shallow, indistinct
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Figure5: Alarge zone of intense scouring is located immediately west
of large lobate gravel deposits. The scours are characterized by
elongate, water-filled depressions that are located in low area between
adjacent lobes and a very dense surface boulder pavement.

meltwater channels that trend northeast-southwest. Some of the
channels are dry while others contain permanent and ephemeral
streams and lakes that presently drain toward the southeast. The
modernWolverine Lakeisthelargest lakeintheareaand iscontained
within the westernmost channel where the flow of water
southwestward isblocked by the superimposition of thelobate gravel
deposits. Aeria photographs also reveal the presence of large-
scale, dlightly arcuate lineations that are concave toward the
northeast. Portions of the arcuate lineations are obscured by the
subsequent formation of the meltwater streams. These extremely
subtle variations appear on the ground assmall circular depressions
that are less than 1 min diameter and are paved with boulders.
The gravel lobes are bordered on the south by an east-west
trending channel that Greer and Christiansen (1963) referred to as
the Plunkett Channel (Figure4). The channel hasindistinct origins
approximately 18 km to the west near the eastern limit of glacial
Lake Elstow. The head of the channel, however, is separated from
glacial Lake Elstow deposits by a topographic high of hummocky
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Figure6: Thefloor of the Plunkett Channel is characterized by
elongate erosional remnants that have a dense covering of large,
angular boulders.

terrain that isapproximately 10 to 12 m higher than the glacial lake
bed and the channel. Themouth of the Plunkett Channel iscomposed
of a series of small channels with highly variable depths that
converge to form a more distinct channel that is approximately 4
kmwideand 10to 15 m deep. Thefloor of the Plunkett Channel is
characterized by low relief hummocks and numerous water-filled
depressions. Many of the hummocks haverimridgesand arelinked
inchain-like patternsin someareas. Atitseastern limit, the Plunkett
Channel abruptly widens and terminates at a position that is
coincident with the position of the gravel lobes. The distributary
channels are of varying depths though they share a common point
of termination. The eastern limit of the channel quickly becomes
indiscernible from the adjacent till plain. Near itseasternlimit, the
northern margin of the channel is indistinct as it grades into the
southernmost gravel |obewhilethe southern margin curvesdlightly
toward the southeast in a series of deeper, narrower channels that
are defined by prominent erosional remnants. Aswith the gravel
lobes, the sediments associated with the channel are superimposed
ontheerodedtill plain to the east, obscuring the previously incised,
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small meltwater streams. The sediments in the Plunkett Channel
arealmost entirely till and are everywhere characterized by adense
surface cover of boulders (Figure 6). Only very small and isolated
deposits of gravel are located at the margins and mouth of the
channel.

The Plunkett Channel is separated from the trough in the
hummaocky terrain to the north by a small, though discrete area of
hummocky terrain that exhibitslittle orientation in either its overall
extent or in the pattern of hummocks and depressions. The flow
that created the lobes and that which created the Plunkett Channel
merged to define the eastern limit of the non-oriented hummocky
terrain.

Sedimentology

To determine the origin of the glacial landforms in the Rural
Municipalities of Viscount and Wolverine it was necessary to
determine the relationship between the external form of the features
and their internal structure. Sedimentological information was
gathered by logging available exposures located in active gravel
pits and by collecting sampleswhere appropriate. Comprehensive
maps and grain size data produced by the Saskatchewan Department
of Highways and Transportation were also used to provide
information from sites that are not presently accessible.

Site WOL-01:

SiteWOL-01 (SW15-34-24-W2) islocated in an active portion
of alarge gravel pit near the southern margin of the lobate gravel
deposits. The exposure consists of 3 m of multimodal gravel
overlying till. The clasts are mainly granule and pebble size with
smaller amounts of cobbles. Thereisavery low proportion of sand
and smaller grain sizes and no sedimentslarger than cobbles. The
deposit is poorly sorted and composed of angular to subangular
clastsof predominantly carbonate and crystallinelithologies (Figure
7). With the exception of adlightly coarser upper unit that variesin
thickness to a maximum of 0.5 m, the deposit shows very little
variationin grain size from the surfaceto the base. Subtly defined,
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Figure7: The sedimentsin the gravel |obes are multimodal gravels
that range in depth from 2 to 4 m and are generally very uniform
throughout the entire area. Paleoflow was from west to east (right to
left in the photograph).

large-scale cross-bedding indicates a palaeoflow direction from
west to east.

Site WOL-02:

Site WOL-02 (S15-34-24-W?2) is a large Saskatchewan
Department of Highways and Transportation gravel pit that covers
an area of nearly 3.5 km?, though most of it is presently inactive.
Thegravel pitislocated 0.5 km west of exposure WOL-01. Grain
sizedataderived from test holesthroughout the pit indicate that the
depositiscomposed of very uniform gravel that showslittlevariation
either areally or with depth and that the observations made from
exposure WOL-01 are generally representative of the area. Most
of the deposit is composed of multimodal gravel that is dominated
by granule to cobble sized clasts with very little sand and finer
material or material larger than cobbles. Sand, whereit does occur
in significant amounts, is restricted to scattered pockets along the
margins of the lobate forms. The only areas that contain boulder
sized clasts are those that are composed of till to the surface with
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no overlying stratified sediments. These areas of till are located
near the proximal end of thelobes and are associated with northwest-
southeast trending grooves that extend into the area of the lobes.
Variations in the thickness of the gravel correspond to the
morphology of thelobateforms. Thethickest unitsof gravel are at
least 4 m and occur near the eastern margin of the lobes. The
gravel occurs as a thin surface covering between the lobes and
near their proximal endsin the west.

Site WOL-03:

Site WOL-03 (NE35-34-24-W2) is a rehabilitated
Saskatchewan Department of Highways and Transportation gravel
pit located near the northern margin of the gravel lobes. While no
exposures are available, test hole data indicate that the sediments
arevery similar to those further south. Up to 4 m of very uniform,
multimodal gravel restsontill. The thickness of the gravel varies
from 0.4 m to 4 m with a general thickening of the deposit from
west to east. Pockets of finer depositsthat are composed primarily
of sand are restricted to the eastern distal portion of thelobe. Test
holeslocated within agroovethat separatesthe gravel pit from the
lobe to the south are composed of till with no overlying stratified
material.

Site WOL-04:

Site WOL-04 (SE1-35-24-W2) islocated 0.5 km north of site
WOL-03 in a small gravel pit at the northern edge of the gravel
lobes. Again, poorly sorted, multimodal gravel dominated by granule
to cobble sized clastsrestsonttill. Thelobein thisareahasawest-
east extent of less than 0.5 km. At the margins of the lobe the
surface materialsare composed of till. The morphology of thelobe
is characterized by boulder covered west-east trending ridges and
swales.

Site WOL-05:

Site WOL-05 (NE23-34-24-W?2) islocated on the flat surface
of alarge lobe approximately midway between the northern and
southern limits of thelobes. Thelobateformsinthisareaarelarge
and very clearly defined. The lobes have steep eastern margins
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that drop steeply 10to 20 mto the eroded till plainto theeast. The
gravel deposits are similar to other areas. They are poorly sorted,
multimodal sediments dominated by granuleto cobble sized clasts
that overlietill. Thewestern edge of thedepositisdefined by large,
deep scours that are paved with boulders. To the north and south,
the lobe is separated from adjacent lobes by narrow grooves that
are composed of till.

Discussion

The lobate gravel deposits and the associated rudimentary
anabranching channel systeminthe Rural Municipalitiesof Viscount
and Wolverine are interpreted to be late-glacial features. While
they are likely associated with deglaciation and an ice margina
environment, it is unlikely that they are associated with the large-
scale, integrated system of proglacial lakeand spillway development
that characterizes the Interior Plains (Kehew and Teller 1994b).
The gravel deposits do not have the characteristics of typical
glaciofluvia faciesthat might be expected in such an environment.
Commonly occurring subagueous fans that develop as meltwater
streamsflowed into ice-marginal lakes are generally characterized
by well-devel oped bottomset, foreset, and topset deposits (Reineck
and Singh 1986). These sedimentary unitsare notably absent inthe
depositsinthe study area. Nor do thelobate gravel deposits exhibit
theproximal tothedistal transition from coarse-grained glaciofluvial
sedimentsto fine-grained glaciol acustrine sedimentsthat aretypical
of deltas. Glaciofluvial subaqueous fan deposits also
characteristically exhibit lakeward progradation and a pattern of
migration that produces overlapping sediment lobes. Theresultant
feature istypically a narrow fan-shaped ridge (Reineck and Singh
1986) which againisin sharp contrast to the broad lateral extent of
the gravel lobes and their minimal overlap.

Similarly, the lobate gravel deposits do not have the
characteristics of subaerial deposition in an outwash plain or sandur
deposit. These types of deposits begin where glacial meltwater
streams form braided outwash plains and fans (Reineck and Singh
1986). Asastream fans out from a point source most of its coarse
load isdeposited in alow-dopeflood fan. Where multiple meltwater
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streams form, individual fans may coalesce to produce a broad,
gently sloping plain that is incised by the streams. The outwash
plains, therefore, are composed of stratified glacial sediments
transported and deposited in bars and channels by fluvia action.
Aswith subaqueousfans, thereisamarked, though not necessarily
uniform, decreasein grain size and an increasein pebble roundness
in adownflow direction away from glacial deposits. The outwash
deposits are typically characterized by poor to moderate sorting,
rapid aternation of beds that vary in degree of sorting, abundant
scour and fill structures, and multimodal grain size distributions.
With glacier retreat, outwash plainsare deposited successively over
glacial deposits (Reineck and Singh 1986).

Ice contact features composed of glaciofluvial stratified
sediment, such askames, also commonly occur intheInterior Plains.
Kames are mound-like features that occur inisolation or in groups
that are deposited near theice margin under theinfluence of flowing
water. The steep-faced mounds of stratified material are left on
thelandscape astheicerecedes. Typically the sedimentary structure
of the kame deposits conform to the outer shape of the mound in a
concentric peel pattern with abundant penecontemporaneous
deformation structures (Reineck and Singh 1986).

In contrast to these commonly occurring types of features, the
lobate gravel depositsin theWolverine and Viscount areaare notable
for their marked uniformity in grain size diameter and distribution
with littlelateral or longitudinal variation. In addition, the gravels
lobesdo not have the distinctive elements of subagueousor subaerial
fans or ice-contact features in either internal structure or external
morphology. The sediments in the lobes are weakly stratified,
multimodal gravelsthat are primarily granuleto cobble sizewith a
small fraction of finer than sand-sized particles. The multimodal
grain size distribution and lack of obvious bedding represents an
environment of continuous deposition of bedload and suspended
load with acontinuum of sizes (Shaw and Gorrell 1991). Thedeposit
represents ahigh energy facieswith apowerful, unidirectional flow
that rapidly deposited the gravel lobes during asingle, short-lived
event. There is no obvious evidence of a point source for the
meltwater or of divergent and overlapping flows that would be
expected in the case of a subagueous fan or an outwash plains.
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The lobes in this case were simultaneously formed, in contrast to
the multiple lobes of fans that form in response to changing flow
conditions. Thereisno geomorphic evidence that the deposition of
the gravel was related to a strongly channelized flow.

In addition, there are no deformation structuresin the sediments
indicating that the subsequent glacial action evident in most ice
contact features did not occur. The very sharply defined lobate
forms at the eastern margin of the deposit indicate a very abrupt
cessation of the formative flow. Deposition may have occurred in
a subaqueous or subaerial environment. The preservation of the
steep-fronted lobate form and the lack of evidence of reworking by
fluvia or lacustrine processes subsequent to the deposition of the
lobes suggeststhat deposition in asubaerial environment wasmore
likely.

Further evidence for ahigh energy, turbulent, non-channelized
flow of water as the formative mechanism of the gravel lobes lies
in the boulder-paved depressionsimmediately upflow of thelobes.
The orientation of thelongitudina depressionsbetween theindividual
lobesindicates aflow direction approximately from west to east in
accordance with the pal aeoflow that deposited the gravel. Fluvia
erosionistheonly processthat could have had the sorting capability
to form the boulder lag. Furthermore, the size of the boulders
indicatesthat theflow must have been very vigorous. Thedepressions
are scour zones that are, at least in part, the source area for the
material in the gravel lobes. The density of the surface boulder
pavement indicates that large amounts of diamicton were eroded
and removed from theareaduring the formativeflow. Predominantly
granule to cobble sized material with minimal amounts of finer
sedimentswereimmediately deposited forming thelobate features.
Themeltwater flow that scoured theterrain and deposited the gravel
was not channelized, but instead was a sheet flow that was at |east
as wide as the 10 km north-south extent of the scoured area.

Theareaof gravel depositionisvery sharply defined indicating
an abrupt changein flow conditions that caused a sudden decrease
in the competence of the flow to carry its sediment load. Such
conditions could arise from the sudden rel ease of constrained water
and subsequent flow expansion. There is no geomorphological
evidence to suggest that meltwater was released by the breaching
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of morainal deposits. Furthermore, the separation of the area of
scouring from proglacial lake depositsto the west by atopographic
high of hummocky terrain eliminatesthe catastrophic drainagefrom
aproglacial lakeasthe source of theflow. Alternatively, therequired
conditions of flow could have been produced by the release of a
subglacial, englacial, or supraglacial reservoir of meltwater from
the ice sheet. Such a flow moving toward the ice margin, under
conditions of high pressure and high velocity, would be expected to
be highly erosive. Upon reaching the ice margin, the meltwater
would continue unrestrained in ajokulhlaup-typeflow. Sharpeand
Cowan (1990) described comparable conditionsin their interpretation
of stratified end moraines in northwestern Ontario where
widespread outbursts of subglacial meltwater are hypothesized to
have flowed into glacial Lake Agassiz, depositing broad and
coal escing subaqueous lacustrine fans.

The source of the meltwater flow that deposited the gravel
lobes in the Wolverine and Viscount areais difficult to determine
dueto thelack of geomorphological evidence. Such evidencewould
not necessarily exist if the source of the water was subglacial or
englacial. The erosive activity of the water, however, would be
expected to be in evidence in areas adjacent to the zone of intense
scouring and subsequent deposition. Thevariation inthe character
of different zones of hummocky terrain upflow of the gravel lobes
may also be due to the subglacial meltwater flow. The tract of
hummocky terrain immediately west of the gravel lobes is
characterized by adense, poorly integrated network of small-scale,
rudimentary channelsand alarger groove and ridge morphol ogy at
itsnorthern margin. Theoverall orientation of the channelsand the
grooveisgenerally from west to east. Most significantly thisarea
truncates a zone of higher elevation and higher relief hummocky
terrainto the north that has prominent north-south trending lineations.
Thetruncation of the northern zone of hummocky terrain suggests
that the landscape was produced by erosional processes. The
development of the rudimentary channels and the relationship
between the hummaocky terrain and the zone of scouring and gravel
deposition suggeststhat fluvial processeswere also responsiblefor
the formation of the hummocky terrain. There are no
sedimentological dataavailablefrom the hummocky terraininthis
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portion of the study areato confirm that the hummocks are in fact
erosional features. Investigationsin other regions(Rainset al. 1993;
Munro et al. 1996; Grant 1997) however, do suggest that subglacial
fluvia erosion was apossibleformative agent of hummocky terrain.

The surface on which the gravel lobeswere deposited provides
further indications of the repeated occurrence of turbulent
sheetflows of subglacial meltwater. The gravel lobes are
superimposed on a north-south trending tract of eroded till plain.
The plain isvery flat and almost featurel ess with the exception of
very low relief, dightly arcuate transverseridgesand shallow, circular
scours. Thescoursare preferentially located within swal es between
subparallel ridges. The ridges are interpreted to be remnants
resulting from the erosion of the intervening swales. The dense
network of small, shallow, generally circular scoursare paved with
boulders indicating a very high energy, turbulent formative flow.
The absence of surface sorted sediments indicates that the eroded
material was completely removed from the area.

The only significant subsequent modification of the till plain
was the incision of a series of small-scale, shallow, subparallel
meltwater channelsthat trend northeast to southwest. The meltwater
channels cross cut the transverse lineations and therefore formed
at some time after the ridges. The meltwater channels contain
modern lakes and ephemeral streams that generally do not drain
out of the area. The development of the meltwater channels may
be associated with deglaciation and a progressively westward
retreating ice lobe as interpreted by Edmunds (1962) and Greer
and Christiansen (1963). A subglacial flow of meltwater, however,
cannot be discounted as a possible origin for the channels.
Regardless of the processthat incised the meltwater channels, their
development occurred prior to the event that scoured the terrain to
the west and deposited the gravel lobes. The gravel lobes are
superimposed on portions of the meltwater channels, disrupting the
southwestward flow of water. Reincision of the channels did not
occur subsequent to the deposition of the gravel lobes.

The formation of the Plunkett Channel represents the
progressive channelization during thewaning flow stage of theinitial
subglacial sheet flow event. Shoemaker (1992a, 1992hb)
hypothesized the transition of subglacial sheet flows to tunnel
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channels due to the inherent instability of sheet flows induced by
lateral pressure gradients. Sjogren and Rains (1995) describe a
network of integrated channels in east-central Alberta that were
interpreted to have formed in a subglacial environment under
hydrostatic pressure by a single, highly erosive, meltwater flow.
The channelsare characterized by varying degrees of anabranching
and highly variable sizes, shapes, and orientations. Longitudinal
grooves, abundant boulder deposits, composite and residual
streamlined hillsindicate formation by the flow of highly turbulent
water. The position of the channels on top of a modern drainage
divide, evidence of reverse gradients, and localized glaciotectonic
features induced by pressure from overlying ice were interpreted
toindicate asubglacia origin for the channels.

The Plunkett Channel is a short, relatively broad meltwater
channel which was formed by the same event that deposited the
gravel lobes. Theindistinct head of the channel is separated from
lacustrine deposits to the west by atopographic high that does not
appear to be breached at any point along itslength. The flow that
eroded the Plunkett Channel, therefore, was likely initiated in a
subglacia or englacial environment. In contrast to the head of the
channel, thedistal portion isdeeper and has better defined margins.
The floor of the channel in al areas, however, is characterized by
densely spaced hummocks and depressions and smaller, poorly
defined subchannels that were formed by more intense erosion.
The Plunkett Channel widens abruptly at its mouth and diverges
into a series of more distinct subchannels that are separated by
large, streamlined erosional remnantsand anarrow zone of gravel
deposition. Thegravel deposits are superimposed on the northeast
to southwest trending meltwater channel that was previously incised
into the adjacent till plain. The gravel deposits at the mouth of the
channel quickly terminate where they are superimposed on the
eroded till plain. These characteristics of the mouth of the Plunkett
Channel coincide with comparabl e aspects of the scoured zone and
gravel lobesto the north.
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Summary and Conclusion

The gravel lobesin the Rural Municipalities of Wolverine and
Viscount represent a depositional event that isrelated to the larger
scale erosion of the immediate upflow landscape by a turbulent
sheet flow and the erosion of thelaterally adjacent Plunkett Channel
by ahighly turbulent channelized flow. The sedimentsinthelobes
indicate a depositional environment of high velocity and rapid
sedimentation. Thesourcefor the gravel wastheglacial sediments
immediately upflow. The most intense erosion occurred at the
western margin of the lobes that resulted in large elongate scours
that are paved with boulders. Less intense erosion produced the
hummaocky terrain at |east asfar asthe higher ground that separates
it from the hummaocky terrain and lacustrine deposits approximately
25 km to the west. The width of the sheet flow that eroded the
landscape was at |least as wide as the zone of gravel deposition.
The gravel lobes appear to mark the northern extent of the sheet
flow as indicated by its relationship to the immediately adjacent
tract of older hummocky terrain to the north. The southern limit,
however, is more difficult to discern. It may correspond to the
Plunkett Channel, or the Plunkett Channel may have been incised
into a portion of the landscape that was influenced by the sheet
flow. South of the Plunkett Channel the effects of the sheet flow
may grade imperceptibly into the surrounding hummocky terrain.
The Plunkett Channel represents channelized flow that would be
expected to occur during the waning flow of the sheet flood.

The geomorphological relationships between the various
elements of thislandscape provide evidencefor thelikely sequence
of eventsthat shaped the landscape. The fluvia erosion of thetill
plain upon which the gravel lobesand mouth of the Plunkett Channel
are superimposed occurred when ice covered the region.
Subsequent to the creation of the eroded till plain, very little further
geomorphic activity shaped the landscape until the deposition of the
gravel lobes. Thenortheast to southwest trending meltwater channels
are very shallow and narrow and were likely formed as meltwater
drained along aretreating ice margin or at some time under theice
prior to the deposition of the lobes. The lobate form of the gravel
depositsindicates avery abrupt change in the flow conditions that
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eroded the hummocky terrain and the scours. They represent
conditions of sudden flow expansion and aconsequent reductionin
the capacity for the flow to transport its sediment load. Such
conditions might be expected to develop as water driven under
hydrostatic pressure in a subglacial environment issued from the
ice front into a subaerial or subaqueous environment. Given this
interpretation, the position of the ice front would, therefore,
correspond to the position of the zone of intense scouring and the
proximal end of the gravel lobes. Similarly, the flow through the
Plunkett Channel was highly erosive through the portion that was
incised inasubglacial environment. Erosional remnants, differential
scouring and adense boulder lag throughout the channel with minimal
deposition were caused by a highly turbulent flow. As the
channelized flow reached the ice margin, abrupt flow expansion
caused a reduction in velocity and the deposition of the coarsest
fraction of the sediment load. The finer material was transported
away from the area by the meltwater flow event.

References

ACTON, D.F,, CLAYTON, JS, ELLIS, J.G,CHRISTIANSEN, E.A., and
KUPSCH, W.0. 1960 Physiographic Divisions of Saskatchewan
Saskatchewan Research Council, Saskatchewan Soil Survey, scale
1:1,520,640

EDMUNDS, F.H. 1962 Recession of Wisconsin Glacier from Central
Saskatchewan Saskatchewan Department of Mineral Resources,
Geology Division, Report No. 67

GRANT, N.M. 1997 Genesisof the North Battleford Fluting Field, \est-
Central Saskatchewan M.Sc. Thesis, University of Alberta

GREER, J.E. and CHRISTIANSEN, E.A. 1963 Geology and Groundwater
Resources of the Wynyard Area (72-P) Saskatchewan Saskatchewan
Research Council, Geology Division Report No. 3

KEHEW, A.E. and LORD, M.L. 1986 ‘Origin and large-scale erosional
features of glacial-lake spillways in the northern Great Plains
Geological Society of America Bulletin 97: 162-177

KEHEW,A.E.and TELLER, J.T. 1994a ‘History of lateglacial runoff along
the southwestern margin of the Laurentide ice sheet’ Quaternary
Science Reviews 13: 859-877



46 Prairie Perspectives

KEHEW,A.E.and TELLER, J.T. 1994b ‘ Glacial-lake spillway incision and
deposition of a coarse-grained fan near Watrous, Saskatchewan’
Canadian Journal of Earth Sciences 31: 544-553

LORD, M. and KEHEW, A.E. 1987 * Sedimentol ogy and paleohydrology of
glacial-lake outburst deposits in southeastern Saskatchewan and
northwestern North Dakota® Geological Society of America Bulletin
99: 663-673

MITCHELL, J., MOSS, H.C. and CLAYTON, J.S. 1947 Soil Survey of
Southern Saskatchewan from Township 1 to 48 inclusive University
of Saskatchewan, Soil Survey Report No. 12

MUNRO, M.J.,, SJIOGREN, D.B., SHAW, J. and RAINS, R.B. 1996
“Hummocky terrainin south and central Alberta: asubglacial meltwater
erosional model’ Geological Association of Canada-Mineralogical
Association of Canada, Programwith Abstracts, 21: A-68

RAINS, B., SHAW, J, SKOYE, R., SIOGREN, D.andKVILL,D. 1993 ‘Lae
Wisconsin subglacial megaflood pathsin Alberta’ Geology 21: 323-
36

REINECK, H.E. and SINGH, I.B. 1986 Depositional Sedimentary
Environments 2nd edition. Springer-Verlag, Berlin

SHARPE, D.R. and COWAN, W.R. 1990 ‘Moraine formation in
northwestern Ontario: product of fluvial and glaciolacustrine
sedimentation” Canadian Journal of Earth Sciences 27: 1478-1486

SHAW, J.andKVILL, D. 1984 “A glaciofluvia originfor drumlinsof the
Livingstone Lake area, Saskatchewan’ Canadian Journal of Earth
Sciences 21: 1442-1459

SHAW, J., KVILL, D. and RAINS, B. 1989 ‘Drumlins and catastrophic
subglacial floods’ Sedimentary Geology 62: 177-202

SHAW, J. and GORRELL, G 1991 * Subglacialy formed duneswith bimodal
and graded gravel inthe Trenton drumlinfield, Ontario’ Géographie
physique et Quaternaire 45; 31-34.

SHOEMAKER, E.M. 1992a ‘Water sheet outburst floods from the
Laurentideice sheet’ Canadian Journal of Earth Sciences 29: 1250-
1264

SHOEMAKER, E.M. 1992b * Subglacia floodsand theorigin of low-relief
icesheet lobes Journal of Glaciology 38: 105-112

SIOGREN, D.B. and RAINS, R.B. 1995 Glaciofluvid erosiond morphology
and sediments of the Coronation-Scabland, east-central Albertal
Canadian Journal of Earth Sciences 32: 565-578



Prairie Perspectives 47

Coping responses to the 1997 Red River Valley
flood: research issues and agenda

C. Emdad Haque, Brandon University
M. Matiur Rahman, University of Manitoba

Abstract: Prevention and mitigation of floods and their associated |osses
require extensive research, investment decisions, maintenance and
modifications of flood-control infrastructures, and preparedness at the
regional, local, and individual levels. The experience of flood-hazards
management in the North America has shown mixed results: the flood
frequency declined during the last four decades but the economic losses
continuedtorise. Several analystslink the 1993 floods of the Midwest to
the major structural intervention in the region. The flood diversions also
often cause harmful effects upon the floodplain inhabitants by influencing
flood levelsin areas which are not normally flood-prone. The increasing
vulnerahility of the floodplain inhabitants raises new questionsand i ssues.
Based on the experience of both urban and rural communities of the Red
River valley, this research attempts to determine the most significant
research agenda for the late 1990s; it explores and reviews the current
research issues and problemsin flood-hazards studi es. Focus-group based
interviewsand discussionsin some selected communitieswere conducted
to obtain necessary data. The study concludes that although flood-loss
mitigation measures were in general successful, institutional efforts to
minimize the human cost, especialy in terms of psychological distress
and coping with uncertainty, were not adequate. Public participation in
the emergency decision-making process was absent or minimal. Finaly,
future research needs and directions for studying floodsin the Red River
basin of USA and Canada are explored.

Introduction

The Red River plain in Manitoba has a high natural potential
for flooding (Way et al. 1997) asit is located on a former glacial
lake bottom and is surrounded by the Southwest Uplands and
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Precambrian Shield (Corkery 1996). The rising water in the Red
River valley during April 1997 alarmed emergency experts and
managers in Manitoba, and they declared an al-out “war” against
it. The so-called “flood of the century” approached Manitoba like
a threatening tidal wave in April and then ebbed in May. This
image of encroaching floodwater was matched by a similar flood
and ebb of concernsin the minds of Manitobansregarding the saf ety
of life and property. The estimated flooded area was over 1,836
square kilometers (Figure 1). Water levelsin the valley were the
highest they had been in nearly 150 years, while the economic loss
due to the flood of 1997 was measured in hundreds of millions.
The effect of the devastation left by the flood of 1997 remains
evident throughout the Red River valley. Any lessons learnt from
this disaster are of great importance in preparing for, and coping
with, future floods.

In terms of human response, the war against the rising water
wasfought on all fronts. Altogether, more than 19,000 peoplewere
evacuated from rural Manitoba and 8,900 from the City of
Winnipeg. Most evacuationswere made prior to the peak discharge
in individual localities and were based on flood forecasts. The
general public response to the 1997 flood was effective. As shown
in Figure 1, agood portion of the City of Winnipeg that was under
water during the flood of 1950 was not flooded in 1997. Many
probabilistic factors associated with nature were key elementsin
this success. However, despite the general success in protecting
Winnipeg -- themain city of the province-- there were shortcomings
in the response strategies. Some communities were devastated by
the vigor of the flood, particularly those which were not protected
by a permanent ring dike. It has also been argued, chiefly by
residents of some of rural communities, that they were flooded
because water was diverted to save the City of Winnipeg. This
implies that the flooding of some communities may have been
caused by human action. Resentment and disputes arose in local
communities concerning the strategic and tactical approach to
emergency flood response offered by the regulators.

In effect, the 1997 flood provided anew impetusfor rethinking
and redesigning many facets of human responses to floods and
other similar types of emergencies and disasters. Research aimed
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at determining the methods and issuesfor effective prevention and
mitigation of future disastersis a pressing need. The general aim
of this paper is to determine the key research issues, with afocus
on socia dimensions. The specific objectives of this paper are
threefold: (i) to identify the planning and implementation problems
encountered during, and issues arising from, the 1997 Red River
flood experience; (ii) to determine social scientific research agenda;
and (iii) to explore directions for future research on flood and
disaster mitigation and management.

Preparedness and Planning: Problems and Issues

Flood Prediction and War ning:

Manitoba's Water Resources Branch, Department of Natural
Resources, uses an index type of model to predict the Red River
runoff volume and peak discharge. The model used for runoff
outlooks is founded on statistical relationships for the American
portion of the watershed, considering the entire area within the
United States as one basin for computation. Autumn soil moisture
is used to calculate an antecedent precipitation index (API) based
on weighted monthly precipitation from May to October. Other
variables employed are the cumulative winter precipitation that
includes effective spring precipitation, and a degree-day type melt
index. A winter temperature index is used to estimate sublimation
losses and soil temperatures (Warkentin 1997).

Flood routings from Emerson to Winnipeg are executed
employing the Muskingum method. Although this procedure
performed very well for the 1997 flood in Manitoba, in general it
did not enable accurate predictions of flood levelson thefloodplain
well away from the river. Forecasting overland flows on the
floodplain was extremely difficult dueto thelack of historical data
and the unknown effects of the road and railway network. A
dynamic routing model needs to be developed to address this
problem (Simanovic 1997; Warkentin 1997). Other alternative
models should a so be developed and tested.
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Data M anagement:

As aresult of the recent proliferation of data procurement
techniques and dissemination technol ogies, there were ample data
available on various aspects of flood risks and of associated issues
before prior to the occurrence of the 1997 flood (Towle 1997).
However, because they were not available in a systematic manner
and related to meet specific needs, logistical resources and
management decisions could not achievetheir full potential. How
should thistask be coordinated? Dueto theincompatibility of goals
and mandates of various government and nongovernment agencies,
the task will not be easy. In order to achieve a higher level of
efficiency in data and information management responsible
institutional measureswill berequired. Thisaspect deserves serious
research attention.

Flood Prevention: Planning and M anagement:

Existing flood planning strategies in Manitoba involve both
structural-control works and organizational methods. The present
flood control works consist of the Red River Floodway, the Portage
Diversion, the Shellmouth Dam on the Assiniboine River, the
primary diking system within the City of Winnipeg, and community
diking around settlementsin the valley (Rannie 1996). During the
1997 event, the floodway diverted flows around the City of
Winnipeg from 21 April to 3 June 1997. The peak discharge at the
floodway was at 1840 cubic meters per second on 4 May 1997,
and within Winnipeg the peak of 2265 cubic meters per second
occurred on 1 May 1997.

The west dike of the floodway inlet control structure, which
impedes floodwater from bypassing the floodway and entering
Winnipeg from the west, required rapid extension and elevation.
Along with thereinforcement of 15 kilometers of the existing west
dike, 25 kilometers of new dike were constructed in just five days.
Overal, due to the relative success in flood forecasting and the
effectiveness of the flood control works, property and other
economic damage was minimized rel ative to the damage potential .
Still some communities were devastated by the flood; an example
isthe town of St. Agathe which was not protected by a permanent
ring dike. Asindicated earlier, it has also been argued by somethat
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diversion of floodwater to save the City of Winnipeg caused the
flooding of rural communities. That is, flooding of some
communities was the result of human action. A recent study,
prepared by the Manitoba Water Commission, confirms that the
operation of the Red River floodway contributed to excessive
flooding in Grande Pointe (Kuxhaus 1998). The ethical
responsibility to compensate the victimsis a crucial policy issue;
in response the Commission’s report, the provincial government
announced a one-time removal of the $100,000 compensation cap
for flood victims and increased flood-proofing assistance for
homeowners from $30,000 to $60,000.

The above stated conflicts resulted in some discontent among
the local first responders. This situation was observed by the
investigators during a field visit to the communities of the Red
River valley. A key person responsible for local municipal
emergency response stated:

... just when you are done with putting up a dike around
your property you areforced to leave. Someone was heeded
to maintain the dikes, run the pumps. All your effort, time,
money, assistance from neighbors and volunteer works
were rendered meaningless by the force evacuation order
[by Emergency Management Organization].

It appearsthat the dispute stemmed from the issue of authority
over decision-making (Figure 2). As shown in Figure 2, the
institutional roles and interagency relationships are depicted in the
administrative structure of emergency preparednessin the Province
of Manitoba. Thisraisesthe question: who in the current authority
structure has the legal right to decide? Certainly, local
municipalitiesare responsiblefor thefirst responsein emergencies
(Figure 3). Apparently all the rural municipal mayors/reeves and
councils were involved in the management of the emergency that
was created by the 1997 flood in the Red River valley. Severa key
guestions are relevant here. Were the chief executives of the rural
municipalities (mayors/reeves and the councils) effectively prepared
and did they play their proper rolesin the recent emergency? Did
they use the essential components of emergency response (i.e.,
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emergency plan, communication system, acall-out system, authority
structure) effectively? Was there an adequate exchange of ideas,
plans and decisions through different levels of public agencies?

The Manitoba Emergency Management Organization
(MEMO), the provincia disaster management agency, provides
necessary support to the local communities when local capacity is
overwhelmed by an emergency. The emergency response concept,
according to the MEMO, states that:

responsibility to respondisat al levels starting with those
closest to the emergency. As the magnitude of the event
surpasses the capability of a particular individual(s),
organization or level of government to respond,
responsibility movestothenextlogical level. Involvement
of the next level of response does not remove the
responsibility or authority of those levels closer to the
emergency (cited in Epp, Haque and Peers, 1998).

In general, emergency management during the 1997 flood
followed a*“ command-control” or a“top-down” approach (Figure
2). The Provincia Government Flood Management Task Force,
headed up by the Water Resources Branch with representatives
from the City of Winnipeg, Manitoba Hydro, the University of
Manitoba, the Canadian Armed Forces Engineering Division and
Acres-Wardrop engineering consultants, was set up in April. One
of the responsibilities of the task force was to identify potential
emergency situations or developments to communicate these to
the Emergency Measures Organization (EMO), the City of
Winnipeg, and the municipalities, and to initiate the required
evacuation and repopulating measures.

The command-control approach has several limitations. One
is the incipient urban bias in policy design and implementation.
Emergency measures undertaken during the April-May flood of
1997 generated some bitter criticism of the province'sresponsein
some of the communities in the Red River valey (e.g., Grande
Pointe, Ste. Agathe, Macdonald Municipality, and St. Jean
Baptiste). Thisisindicative of different perceptions of the flood as
an emergency and local expectations of appropriate response
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measures. Another limitation in the command-control approach was
itsfailure to minimize gapsin public perception and knowledge of
risk assessment. If emergency policies aim to succeed, effective
publicinvolvement isrequired for the pre-disaster, disaster, during
and post-disaster planning. The issue of public participation will
be addressed in a later section.

Emergency Authority | mplementation:

Contrary to acommon perception, peopleliving inflood-prone
areasare not helplessvictims. They can defend themselvesby using
common sense and past experienceto form ageneral perception of
the hazard. Despite this documented assertion (Kuban 1994),
emergency managers tend to treat the people in flood areas as
helpless victims who need rescuing. The common person’s
understanding of risk of flood-hazard (i.e., perceived risk) differs
significantly from the risk calculations made by experts (i.e.,
objective risks).

Planning and implementation decisions, based on mathematical
and statistical models and on physical parameters, important as
they are, appear to ignore compl etely the main playersin emergency
response and management -- the people. These actual resource-
users often become another set of statistics -- as victims.
Community members in the Red River valley alleged that the
emergency managers appeared at their door as an authoritative
rescuer “with a Big-Brotherly attitude.” This attitude disregards
the needs of the people as they understand them. The resentment
about Manitoba Emergency Management Organi zation’s mandatory
evacuation order reflects such differences in needs assessment
(Heinrichs 1997).

Human Dimensions: Risk Perception and Local Views

Risk Perception and Planning:

Risk perception and subsequent preparedness for emergencies
correlate with culture and “worldview.” The pioneering work of
Douglasand Wildavsky (1982) showed that sociocultural processes
largely govern the selection of risks; thus cultural selection of risk
isnot linked directly to objective risk measurements or the physical
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reality of the risk. For this reason, cultural attitudes towards the
environment must be identified in order to develop multi-
jurisdictional emergency preparedness plans.

In deciding on the mandatory evacuation order, the MEMO
reasoned that while peopl€e's lives were in danger their priority
was still to save their property. The authors gathered that the
authorities even threatened coercive measures if residents did not
evacuate voluntarily (Heinrichs 1997). Thisforced evacuation was
blamed for property damages during the flood. “ When expertsfrom
the MEMO decide for us what to do, they must bear the
responsibility for the consequences; along with authority comes
responsibility,” asserts Herm Martens, the Reeve of Rural
Municipality of Morris. Martensal so pointsto the manner inwhich
the mandatory evacuation order was passed to the municipalities.
He suggests that since the letter which carried the order was not
signed by anyone from MEMO, no one wanted to take
responsibility.

Apparently, there was also an element of misunderstanding
resulting from misinformation or lack of timely communication.
Whatever the reason, a psychosocial barrier was created between
the peopl e of the valley and emergency managers. Thisisnot desired
by either party. Thisbarrier could have been avoided by giving the
residents a sense of partnership in managing the emergency.
Becausethereisadivergencein perceptionsof risk and emergencies
between the general public and the experts (including scientists,
regulators, and managers), “risk communication” playsasignificant
role in effective response to emergencies. Generally, “risk
communication” has been a one-way process that develops and
delivers a message from the expert or agency to the public. In
recent years, the recommended approach has changed to a process
of interactive exchange of information (Kasperson and Stallen
1991). Thisprocessis necessary because recipients are uncertain
about the accuracy of the risk-related message due to apast history
of deceit or lack of credibility, and a self-serving or selective use
of information by those in authority. An assessment of the
effectiveness of risk communication is thus essential in order to
determine the state of emergency preparedness of a community.
Also, aresearch project should addressthe variability in perception
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of, and response to the flood hazard, as well as the attitude
(acceptance and/or opposition) towards government emergency
policies among the local first responders. Factors that might
differentiate local first responders on the basis of shared values,
beliefs, knowledge and life experiences should al so be considered.

L ocal Experience and Adaptation:

Under the present legal and constitutional rules of Canada, the
responsibility for initial action in emergencies lies with the
individual (Emergency Preparedness Canada 1993) though
involvement of the various levels of government are common in
most large scale emergencies and disasters (Figure 3). Thus, the
risk perception of individuals, their interest and access to
information, and their logistical and psychological preparedness
to respond have a profound effect upon the quality of emergency
preparedness. These areas need further investigation.

Community or local-level adaptation to risks is by and large
associated with prior experience with a similar event. Societal
experience often leadsto better preparednessin anticipating natural
disasters. Examination of past experiences, past coping strategies,
the type of emergency responses and the role of involved agencies,
problems encountered, and post-event modification of emergency
plans at the community level would help to understand the level of
coping ability and to determine the areaswhereimprovement could
be made. An essential part in emergency planning is to establish
the status and awareness of emergency preparednesswithin various
rural communities. Empirical evidence suggeststhat prior beliefs,
past experiences, emergency management, planning and training
al influence the subsequent evaluation of, and preparation for,
environmental hazards. Research on disaster management,
therefore, needsto addressimportant i ssuesrel ated to preparedness
and response capabilities at the local first responder level in the
disaster sites.

Theoreticaly, local-level unitssuch asrural municipalitiesare
supposed to develop their own emergency preparedness plan
according to the perceived needs and objective environmental and
socia conditionsinthearea. Asinfrequent, low-probability events
are commonly underestimated by individuals and often by
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collectives, there appears to be a genera failure to undertake the
required initiative and to allocate resources for disaster mitigation
measures and emergency preparedness. Many factors may be used
to explainthefailure of disaster and emergency preparedness; these
may include cognitive dissonance; poor effortsand resultsin public
education; personality conflict in the local administration; and the
lack of finance, capital equipment, and human resources. The
significance of these factors needs to be spelled out for policy
formulation.

Conflicting Goals and Interests:

Furthermore, the goals and interests of regulators, managers,
and resource-users, are not always homogeneous. This situation
can lead to conflicting actions. A common conflict is between the
public/social goal of saving lives and public assets versus the
individual goal of saving personal property and assets. Also, when
public decisions are taking into consideration societal benefitsand
the costs of actions (such as discharge diversion, evacuation,
compensation to certain groups of disaster victims), they may
increase the susceptibility of certain communities and individuals
to disasters. The grievances of the affected communities may
tranglate into political and socia disorder affecting productivity
and economic growth. For example, a dispute developed between
thelocal first respondentsand the Provincial Emergency Managers
(PEM), and between other agencies involved in the coordinated
interagency forum for emergency response (Werier 1997; Moncrieff
1997). Thisreflectsdifferent perceptions of aflood asan emergency
and different expectations of appropriate response measures at
different levels of the government. On the whole, these disputes
were resolved without any visible incidents.

A process of informed consent through public involvement
when undertaking non-structural measuresto prevent and mitigate
floods may be the way to deal with disputes. But how to achieve
this goal? How to put the process into operation is another major
guestion. Future research should aim at addressing these issues.
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Public Involvement

While the “public hearing” encourages peopl€e’s participation
in planning, the processis not very effective. People are asked to
expresstheir opinion of aproject after adecision has already been
made. The attitude is “agree or not, we are going on with the
plan.” Thisin turn implies that the expert “knows best.” Thereis
no way to express doubt about the expertise of hydrologists,
geologists, engineers and other scientists. As well, there is the
possibility that such an attitude will close the door to sharing other
people's knowledge and experience. In theory, public-decision
making processes encourage “ peopl€'s participation” in al crucial
socia matters. If peopleareto bear someresponsibility in the matter
of damage control, they should be allowed to share the decision-
making processand the planning for their own well-being. In many
instances, they arethefirst to respond to and manage emergencies.

Concluding Remarks

Disagreements about various aspects of emergency measures
between the experts, the people, and various responding agencies
appears not uncommon in Canada. A “command-control” type of
disaster management (see Figures 2 and 3) generates differences
and conflicts among the stakeholders. The net result of these
disagreements are not conducive to the successful management of
emergencies. Dominant socia scientific studies of perception of,
and response to, hazard risk identify crucial differences in the
judgments of risk by experts and the general public. Empirical
studies have shown that human adjustment and response to
environmental hazards (both natural and technological) are
influenced by the characteristics of the hazard itself, and by people's
perception, experience, and socioeconomic status (Slovic et al.
1980; Hewitt 1983).

It is imperative to understand the level of awareness of, and
attitude towards, disasters and disaster management in Manitoba.
It is essential to establish the status and awareness of emergency
preparedness within various rural communities in the Red River
valley in the aftermath of the so-called “flood of the century.” In
order to understand the nature of and variability in the perception
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of theflood hazard, and the attitude (acceptance and/or opposition)
towards government emergency measures and policies within the
population, factors that might differentiate individuals (shared
values, beiefs, knowledge and life experiences) must be considered.
Researchers should also ask what role each local community should
play and how to use the knowledge of the general public to augment
that of the “experts.”
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The impact of depression/detention storage on
the spring freshet, Clear Lake Watershed, Riding
Mountain, Manitoba

R.G. McDonald, Brandon University
R.A. McGinn, Brandon University

Abstract: Snowmelt studies in the Clear Lake watershed suggest that
detention storagein small lakes, beaver ponds and wetlands can account
for asignificant attenuation in the spring lake levels. This project examines
theimpact of detention storage volumes retained within the Aspen Creek
and Octopus Creek sub-basins of the Clear Lake Watershed. Detention
storageinthe Aspen Creek watershed i s associated with numerous beaver
pondings and beaver influenced small lakes and associated wetlands. In
the Octopus Creek sub-basin small lakes represent the greatest volume of
stored water and beaver pondings are of relatively little significance.

Mean annual water equivalent depth of snow measured in the Aspen
Creak watershed is 12.0 cm and represents approximately 880 dm? of
potential runoff. High water marksrecorded in beaver pondingsindicate
that an additional 80 cm depth of runoff could be stored in the Aspen
Creek beaver ponds throughout the summer. This value represents
approximately 64 dmd of runoff. Consequently detention storagein beaver
ponds represents approximately 7% of the potential spring runoff.

A more conservative 10 cmrisein water levelsdocumented for small
lakes and wetlandsin Octopus Creek watershed represents approximately
675 dm? storage value. Mean annual water equivalent depth of snow
measured in the Octopus Creek watershed is 9.0 cm and represents
approximately 3089 dm? of potential runoff. In the Octopus Creak
watershed detention storage accounts for 22% of the potential snowmelt
runoff.

Introduction

The Clear Lake Watershed is centrally located on the Riding
Mountain Uplands in southwestern Manitoba (Figure 1). The
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watershed drains an area of 142.18 km? of which over 56 percent
islocated within Riding Mountain National Park. Approximately
46.0 km? of the Clear Lakewatershed isclassified as standing water
and wetlands. This value represents 39% of the contributing
drainage areafor Clear Lake.

Snowmelt studies (McGuire 1997, McGinn and Rousseau
1997) in the Clear Lake watershed suggest that both detention
storage and depression storage in beaver ponds, small lakes and
wetlands can account for a significant attenuation in the spring
lake levels.

Depression storage is defined as the volume of water
(precipitation or snowmelt) required to fill all natural depressions
in awatershed to their overflow levels. Depression storage does
not contribute to runoff but ultimately infiltrates or evaporates (Lo
1992). Detention storage, a term often confused with depression
storage, is the water on the ground above the overflow level of
depression storage (Lo 1992) and includes surface and channel
detention but does not include depression storage.

Objective

This paper focuses on the Aspen Creek and Octopus Creek
sub-basins of the Clear Lake Watershed and examines:
1. depression storage volumes,
2. the significance of beaver pondings to the depression storage,
and
3. theimpact of depression storage on the snowmelt freshet.

The Study Basins

Aspen Creek watershed is located within the boundaries of
Riding Mountain National Park (Figure 1). This sub-basin of the
Clear Lake watershed has a drainage area of 7.325 km? (Table 1).
Approximately 86% of the total areais covered in conifer, mixed
and aspen forest while open meadows represent 3.16% of the cover.
Surface water accountsfor 8.74% (0.640 km?) of thetotal areaand
wetlands, an additional 2.22% (0.163 km?. Thereare no developed
lands or cultivated fields in the Aspen Creek watershed.
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Table 1: Cover typesinthe Clear Lake watershed: the Aspen Creek
and Octopus Creek sub-basins.

SUB-BASINS
Surface Aspen Octopus
Cover Creek Creek
Conifer (km2) 2.934 1.650
% Sub-basin 40.06 4.57
Mixed (km?2) 3.248 3.637
% Sub-basin 44.34 10.08
Deciduous (km?2) 0.108 10.510
% Sub-basin 1.48 29.14
Open (km?) 2.31 1.362
% Sub-basin 3.16 3.77
Agriculture (km?2) 0.000 10.463
% Sub-basin 0.00 29.00
Wetlands (km?2) 0.163 4.485
% Sub-basin 2.22 12.43
Water (km2) 0.640 2.268
% Sub-basin 8.74 6.29
Developed (km?) 0.000 1.699
% Sub-basin 0.00 4.71
TOTAL (km?) 7.325 36.073

% Sub-basin 100.00 100.00
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Depression storagein the Aspen Creek watershed isassociated
with 24 beaver pondings constructed along the natural water courses
and 13 beaver influenced small lakes and associated wetlands
(Figure 2). Anindex of beaver activity within a watershed was
devel oped by cal culating the number of beaver ponds per unit area
of watershed. In the Aspen Creek watershed the beaver pond
density index was calculated to be 5.05 ponds km'?.,

Approximately 90% of the Octopus Creek watershed islocated
outside the park boundaries (Figure 1). Thissub-basin of the Clear
Lake watershed has a drainage area of 36.073 km? (Table 1). In
contrast to the Aspen Creek sub-basin, only 43.79% of the Octopus
Creek drainage area is forest covered, predominantly aspen
woodlots. One-third of the total area of the Octopus Creek
watershed is developed land and cultivated fields. Surface water
covers 6.29% (2.268 km? of the total drainage area and wetlands
account for an additional 12.43% (4.485 km?).

Octopus Lake, other small lakes and large wetland areas are
major depression storage features in the Octopus Creek watershed
(Figure 3). Thereare 14 beaver pondingsinthiswatershed. These
areof relatively little significanceto thetotal volume of depression
storage. Two dams positioned at the outlet of Octopus Lake,
however, may be of importance, in that they act as a lake level
control structure. The beaver pond density index for the Octopus
Creek watershed is 0.388 ponds k.

In summary, the two sub-basins of the Clear Lake watershed
are characterized by different types of depression storage. The
Aspen Creek watershed isanatural watershed in which depression
storageissignificantly influenced by beaver activity. The Octopus
Creek watershed represents a developed drainage basin in which
depression storage occurs in Octopus Lake, other small lakes and
wetlands.

Procedures and Methodologies

The Manitoba Forest Inventory Cover Maps (1983) derived
from 1979 aerial photographs, identify forty-four cover typesin
the Clear Lakewatershed. Theserecognized cover types have been
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grouped into eight natural vegetation associations (Table 1) and

are described as follows:

1. ConiferousForest (Conifer): white spruce, black spruce, balsam
fir, and western larch.

2. Mixed Forest Parkland (Mixed): aspen, balsam popular,
birch, and conifers. Some small open areas.

3. Deciduous Forest (Deciduous): aspen, birch, balsam
popular, and shelter belts

4. Open: natural meadow.

5. Agriculture: cleared land, cropland, hayland, pastures, fence
lines, ridge prairie and abandon land.

6. Wetlands. marsh, muskeg, moist prairie, wet meadow and
drainage ditches. Species include willow, dwarf birch, and
shrubs.

7. Water: lakes, streams, beaver ponds and dugouts.
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8. Developed: townsite, beaches, cottage sub-divisions and
summer camps.

Units 7 (standing water) and 6 (wetlands) are of the most
concern in this paper. Surface areal measurements were derived
from geographic information systems analysis (SPANS) of
orthophotos.

Depth measurements were obtained during winter while the
small lakes, beaver ponds, and wetlands were accessible over the
ice cover. In small lakes depth measurements were spatially
distributed so as to provide reasonable bathometric coverage.
Volumetric storage values were calculated on the basis of areal
measurements and the lake bathometry.

In beaver ponds depth measurements were sounded at several
spatialy separate sites and provided an estimate of mean pond
depth. Maximum depthswere recorded adjacent to the planometric
centre of the dam structure. A model was developed to estimate
the storage watersretained in the beaver ponds. Themodel isbased
on the accepted cal cul ationsfor the volume of afour sided pyramid

(V = ab-c). Applying the model to beaver pond morphol ogy
(Figure 4),

V =ab-c/3, where:
arepresents one half of the dam width,
b iswater depth adjacent to the centre of the dam, and
c isthe planometric length of the pond.
Aeria photographs were used to measure dam width and pond
length.

High water markings on drowned trees were recorded. These
markings provided evidence of historic water levelsand werelater
used to estimate depression storage depths.

Results and Discussion

Aspen Creek Water shed:

Mean annual water equivalent depth of snow measured in the
Aspen Creek watershed is approximately 12.0 cm and represents
880 dm? of potential runoff (McGuire 1997, McGinn and Rousseau
1997). During the winter months 511 dm? of water are normally
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held in depression storage. Beaver ponds contribute an additional
211 dm? (30%) to this value.

High water marks recorded in the beaver pondings indicate
an addition 70-120 cm depth of runoff could be stored in the Aspen
Creek beaver ponds and associated wetlands throughout the
summer. This value represents approximately 168-289 dm? of
runoff. Other measurements suggest that the more conservative
20 cmrisein the small lakes could store an additional 112 dm? of
runoff. Consequently, in the Aspen Creek watershed, depression
storagein small lakes, beaver pond and beaver influenced wetlands
represents approximately 32-46% of the potential spring runoff.
Aho (1997) suggests that up to 50% of potential runoff infiltrates.
When maximized infiltration |osses are considered, the detention
storage in the Aspen Creek watershed could represents 64-92% of
the total spring runoff.

Octopus Creek Water shed:

Mean annual water equivalent depth of snow measured in the
Octopus Creek watershed is approximately 9.0 cm and represents
3247 dm? of potentia runoff (McGuire 1997; M cGinn and Rousseau
1997). Depression storage held in the Octopus Creek sub-basin
during the winter months is calculated to be 3010 dm®. A 20 cm
rise in water levels, documented for Octopus Lake and applied to
other small lakes and wetlands in the watershed, represents
approximately 1433 dm? of surface runoff. In the Octopus Creek
watershed depression storage accountsfor 44% of thetotal potential
snowmelt runoff. Mean maximum spring infiltration losses (50%
of total runoff; Aho 1997) increase the significance of depression
storage held in small lakes and wetlands. In the Octopus Creek
watershed it has been calculated that on average 12% of the total
potentia snowmelt runoff enters Clear L ake during the melt season.
Freshet runoff measurementstaken on Octopus Creek near the outlet
into Clear Lake over the last three years support this observation.
Significant runoff was recorded during spring 1995, when the
Octopus Creek watershed received 29% (2.6 cm) more snow than
normal. There was no measurable runoff from the Octopus Creek
sub-basin for years of average snowpack accumulation (1995-96
and 1996-97).
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Conclusion

Depression storage can account for a significant attenuation
of spring lakelevelsin Clear Lake. Depression storageinthe Aspen
Creek sub-basin is significantly influenced by beaver activity. In
this watershed the beaver pond density index is 5.05 ponds km*
and beaver impoundments represent at least 30% of the total
depression storage in the watershed.

In the Octopus Creek sub-basin the beaver pond density index
is0.388 ponds kn! representing only 14 beaver impoundmentsin
over 36 km?. Spring runoff depression storage is held in Octopus
Lake, other small lakes and wetlands. Two beaver dams are
significant in that they act as awater level control structure at the
outlet of Octopus Lake.

When potential infiltration losses (50% of potential runoff)
are considered, approximately 64-96% of snowmelt runoff from
the Aspen Creek sub-basin is held as depression storage. In the
Octopus Creek sub-basin, 88% of snowmelt runoff is retained in
Octopus Lake, other small lakes and wetlands.

References

AHO, S. 1997 ‘Change: areview and suggestion for teaching exercise’
Journal of Geography 90, 5: 210-217

L O, Shuh-shiaw, 1992 Glossary of Hydrology (Col orado: Water Resources
Publications) 1794

MCGUIRE, M., 1997 Showpack parameters and a Temperature Index
Showmelt Model for a Small Agricultural Watershed on the Riding
Mountain Uplands, Manitoba (Brandon: Brandon University) 163

MCGINN, R.A., and Rousseau P. 1997 The 1997 Showpack Survey in
the Clear Lake Watershed (Brandon: Brandon University) 56



74 Prairie Perspectives

Determining agricultural drought using
pattern recognition

V. Kumar, University of Manitoba
C.E. Haque, Brandon University
M. Pawlak, University of Manitoba

Abstract: Determining agricultural drought isachallenging task because
of its complex and creeping nature. The deviation of cropyield fromits
long-term meanisappliedto defineagricultural drought. Inthe Canadian
Prairies, nevertheless, no specific figure of such deviation hasyet been
established for this purpose. In this paper, we consider a case study of
Swift Current, Saskatchewan. On the basis of varying percent deviation
from the mean wheat yield, and using yield and climatic data (namely
monthly temperature and precipitation for the period from 1975-1994),
various possible scenarios of drought are examined. Data are divided
into two distinct categories : i) drought and ii) no-drought. The error
correction procedure of the pattern recognitionisthen applied in order to
find acase wherein the drought could be linearly discriminated from the
no-drought category. It is expected that this study will assistin defining
and predicting drought in the Prairies.

Introduction

Agricultural drought refersto the significant reductionin crop
yields dueto soil moisturedeficits. Dueto anintricate relationship
between crop yield and soil moisturedeficit (Stewart 1983), analysis
of agricultural drought becomes complex. The complexity is
further increased by the difficulty in defining drought precisely
(Yevjevich 1978). However, one of thecommonways of defining
drought isbased on the deviation from the mean yield of amajor
crop in the region (Kumar 1993). A threshold value (percentage
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reduction from the mean yield) is selected and drought is
considered to have occurred if crop yield is below the threshold.

In this paper, we choose different thresholds to define
agricultural drought in Swift Current crop district, Saskatchewan,
using yield of spring wheat, and climatic data. Subsequently, error-
correction procedure of pattern recognition isapplied to examine
whether drought can be linearly classified. Success in classifying
drought is expected to assist in drought prediction.

Pattern Recognition:

Pattern recognition (or machine perception) is a computerized
process of classifying objects. Application of pattern recognition
can befound inimage processing, medical engineering, criminology
(i.e., identification of finger prints), speech recognition, and
signatureidentification (Dudaand Hart 1973). In geography, pattern
recognition can be applied in classifying patterns of some
geographic phenomena, for example, drought. Process of pattern
recognition begins with formation of pattern vectorswhich, in the
present case, refer to drought vectors.

Vectorizing Drought:

Once drought is defined in terms of yield reduction,
corresponding yield-affecting variables are chosen as elements of
drought (or yield) vector. For example, if these elements are
precipitation and average temperature, yield vectors can be shown
aspointsin two-dimensional display (Figure 1).

As shown in the Figure 1, some of the yield vectors can be
termed as drought vectors depending on the threshold value of the
yield chosen to define drought. In the figure, there exist two
categories: drought, and no-drought. Once the numbers of
categories have been selected and corresponding vectors defined,
error-correction procedure of pattern recognition can then be
appliedtotestif alinear dividing line can be determined to separate
the categories. In case of apositiveresult, the dividingline can be
used to classify an unknown vector as belonging to one of the
two categories.
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Figure 1. Display of yield vectors, an example; Series 1: no drought,
Series 2: drought.

Error Correction Procedure:

Theerror-correction procedureisapplied inthree steps (Duda
and Hart 1973) : i) All the vectors belonging to both the categories
are augmented by adding additional element of 1; elements are
the variablesin different dimensions representing avector, ii) All
the elementsin every vector of second class (say, drought vectors)
are multiplied by -1 (Table 1) , and iii) Finally, a solution vector
W is determined such that product of W with any yield vector
exceeds zero i.e.,

YW>0 foralli [1]

where i is used to identify a vector and ranges from 1 to the
total number of vectorsin both categories.

The process of determining W commences with W as a unit
vectori.e, al theelementsof W are 1. Itisfollowed by generating
the product of W with individual yield vector one after the other.
The moment the product does not satisfy the condition in case of
any yield vector, the W is corrected as following:

W, =W, +ck*Y, [2]
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Table 1: Vectorizing yield elements; elements with negative sign
represents drought.

Year Spring  |Percentage| Drought Elements in a yield vector

wheat deviation | identified

yield from the by ‘d’ *

(t'ha) mean yield cv-t ** (cv-p ***| Augmenting

_ element

1975 1.67 2.77 0.286| 0.059 1
1976 2.21 28.67 0.170) 0.198 1
1977 2.04 18.77 0.139; 0.177 1
1978 1L.71 -0.44 0.174) 0.092 1
1979 1.53 -10.92|d -0.302| -0.096 -1
1980 1.54 -10.34|d <0.117| -0.161 -1
1981 1.8 4.80 0.260| 0.160 1
1982 2.21 28.67 0.268) 0.137 1
1983 1.88 9.46 0.308] 0.200 1
1984 1.28 -25.48|d 0.276| -0.154 -1
1985 0.91 -47.02|d -0.188 -0.080 -1
1986 2.08 21.10] 0.166 0.127 1
1987 1.86] 8.29 0.142) 0.124 1
1988 0.5 -70.89|d -0.139| -0.098 -1
1989 1.67 -2.77 0.229| 0.091 1
1990 2.08 21.10 0223 0.152 1
1991 2.23 29.83 0.243] 0.132 1

" * when 10% deviation considered drought
** Coefficient of variation in temperature
#*+* Coefficient of variation in precipitation

wherecisgreater than 0 (chosen as 1 inthe present case) and
k starts with zero for unit vector W and is increased by one every
time a correction is required. Yi is the yield vector causing
correctionin W. This processof correcting W continues until the
required condition (Eg. 2) is met.

Methodology

In drought classification, selection of an appropriate definition
of drought and subsequently the feature extraction to select
elements to vectorize drought are essential components.
Agricultural drought isqualitatively related to crop yield, but for
a numerical analysis of drought, a quantitative definition is
required. One way of defining drought quantitatively is through
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the use of an index crop i.e.,, a mgjor crop in the region (Kumar
1993) . In the Canadian Prairies, yield of spring wheat, a major
export crop, is therefore considered as a base to define drought.

After defining drought, variablesare explored to characterize
drought in form of drought vectors. Since drought is defined on
thebasisof yield, al theyield-affecting variables can be examined
if they areto be considered as elements of drought vectors.

The crop yield depends on various factors (Parry et al. 1988).
In the Prairies, however, weather isthe main factor limiting yield
and causing droughts (Walker 1989). Theweather related variables
that are consistently available across the Prairies are temperature
and precipitation and they have been directly or indirectly used in
yield estimation (Raddatz et al. 1994). Based on these
considerations, temperature and precipitation data have been
considered as basic parameters to form yield vectors. Additional
variables are also derived from the basic parameters.

Data Collection and Analysis:

Considerations applied in defining and vectorizing drought
ledto thedatacollection. Spring wheat yield, monthly temperature,
and precipitation were collected for the period 1975-1994 for the
study area, Swift Current, Saskatchewan. Though we obtained the
required data from the Canadian Wheat Board, their original
sources were the Statistics of Canada, for yield data, and the
Environment Canada, for weather data.

Variousthresholds of percent deviation from the normal yield
with an interval of 5% were considered with initial threshold of
10%. However, only thresholds of 10, 25, 45 and 70 werefoundto
berelevant, other threshol ds did not make adifferencein the number
of drought vectors defined on the basis of thresholds.

A total of 12 variables was considered to vectorize drought.
Some of thebasic variablesare showninthe Table 2. The complete
list of variablesincluded i) Win-Tavg (average temperature from
November to March), ii)Win-P(total precipitation from November
to March), iii) May-T (average temperature in May), iv) May-P
(total precipitationin May), Sum-Tavg ( Average temperature from
May to August), Sum-P (total precipitation from May to August),
Suml-Tavg (average temperature from May to July), Sum1-P(total
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Table 2: Some basic variables used to characterize yield or drought
vectors.

Year|yicld {%dev  |avg+ |winp |may-f may-pliun-t [jun-p [jul-t [jul-p |aug-
(tha)lmean |(nov- |(nov-

aug-p

1975| 1.67] =277 -7.4 119, 57.9| 14.7] 60.7| 20.6| 14.8 36.4
1976 2.21| 28.67] 5.4 108. 16.0{ 15.0{ 130.0| 18.8 19.1 4821
397€| 204 1877 40 586 115.7] 169 30.8] 18.0 14. 2.4
1978 1.71] -0.44] -89 1405 £3.85 17.1] 49.65 18.5 17.5 2L.7
1979] -10.4)  110.2] 36.5 16.4] 64.5 19. .0} 18. 211
1980| 1. =51 68.1 124 162 94.4{ 18.4 15. 42.9
1981 -3.00 857 26.3| 12.95| 103.8| 18.6] 79.8| 20. 29.3
1982| 8.4 1094 9.0 1212 156 32.1| 17.7) 17. 51.2]
1983 1. 46 1174 458 16.1] 27.1}19.1) 121.7 21.3 28.
1984] 1. 5.2 78.0 353 16.1) 74.5 20.1 20. 17.
1985 -1.1 103.4] 34.1] 13.7] 16.1] 20.1 16.! 26.
19. -5.6 4.4 97.3] 17.2] 54.71 17.3 18.1 22
1987] 1. 21 693 2.6 186 31.9 183 14.8 57.1
1988| 0. 3.4 s2 28.5| 21.6 63.8/20.1) 30.1] 17. 44,
1 7.1 107 713 16.4] 90.2| 20.5 18.1 74.
1990| 39 1093 522 16.5| 62.8| 17.8 18. 15.
1991 52 132 71.7) 16.0 152.3| 18.7] 89.5| 20.8 41
1992) 1. -2.3 T3. 41.8) 15.4| 34.6) 16.4] 16.1 49.
1993‘] 5.4 108 ts.z‘ 143 80.6| 15.6 163 112
199 6.9 116 658 15.7] 76.2) 18.9 [ 18.1] 37.

precipitation from May to July), CV-T (coefficient of variation in
temperature from May o August), CV-P (coefficient of variation
in precipitation from May to August), CV1-T (coefficient of
variation in temperature from May to July), CV 1-P (coefficient of
variation in precipitation from May to August).

Selecting two out of the total of 12, six pairs of variables
were considered to vectorize yield. The pairsincluded i) Win-T,
andWin-P, ii) May-T and May-PR, iii) Sum-T and Sum-P, iv) Sum1-
T and Suml1-P, v) CV-T and CV-P, and vi) CV1-T and CV1-P.
From the four definitions of drought (thresholds 10, 25,45,70 %)
and , for each drought definition, six definitions of yield vectors,
atotal of 24 caseswere developed. Theerror-correction procedure
was applied toinvestigateif the drought could belinearly classified.
To accomplish this, acomputer program waswritten to find out if,
for any threshold or any definition of yield vector, it was possible
to separate drought from the non-drought category.
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Conclusion

In the classification procedure of the computer program, an
iteration limit of 2000 was set. It wasfound that in no case did the
solutionvector W exist. Nevertheless, in the present study , only a
limited number of cases were considered. Additional combinations
need to be tested for a conclusive determination of drought
characteristics. Further research in this direction is in progress.
The use of non-linear techniques in classifying and predicting
drought is being explored.
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Forecasting wheat yield in the Canadian Prairies
using climatic and satellite data

V. Kumar, Univer sity of Manitoba
C.E.Haque, Brandon Univer sity

Abstract: Wheat yield forecasting isasignificant component of planning
and management of wheat exportsfrom the Canadian Prairies. Commonly,
regression model semploying agroclimatic datapertaining to post-planting
period are used as forecasting tools. However, the planning process of
wheat export requiresyield estimates even in advance of crop planting.
Such advanced estimates are possible by using time series analysis. In
this paper, we use both regression and time series approaches to develop
models to forecast spring wheat yield using climate and satellite data
pertaining to Swift Current, Saskatchewan.

In the case of regression, two categories of models were devel oped.
Inthefirst category, the climate datai.e., accumulated precipitation from
April to July, and average temperature during the same period were used
asindependent variables. Thesecond category included NOVAA/AVHRR
satellite data based Normalized Difference Vegetation Index (NDVI) in
addition to the climate data used in the first category. While the climate
datawereavailablefor 1975-1994 period, the satellite datawere available
only for 1987-1994 period. Hence, the time series models and the first
category of regression modelswere developed using the 1975-1991 data
and tested for the 1992-1994 period, while the second category of
regression models were developed using 1987-1992 data and tested for
the years 1993 and 1994. Based on the mean absolute percent error, the
comparative performances of the models are presented and discussed

Introduction

Wheat isa major cropinthe Prairiesand itsexport contributes
significantly to the Canadian economy. About 20 to 30 million tonnes
of wheat is exported every year from the Prairies. The variationin
exportsisattributed largely to drought-prone climate, which, if not



82 Prairie Perspectives

accurately predicted, can result in millions of dollars of loss. The
export targets and prices that are set much in advance of crop
harvests may not turn out to be accurate after adrought occurrence.

Since weather is the single most important factor affecting
wheat yields in the Prairies, temperature and precipitation data
over the crop growing period are used to forecast wheat yield.
Most commonly, regression models are used for the purpose, and
the weather data after the crop has been planted are employed.
But the yield estimates are required even prior to crop-planting,
for advanced export planning by a marketing agency such as the
Canadian Wheat Board (CWB). Yield estimation prior to crop
planting ispossible by using time seriesanalysiswherein a forecast
of yield in thefollowing year ismade onthebasisof yield datain
the past. In this paper, we have developed modelsusing regression
aswell astime seriesanalysisand have provided comparativeresults
that may be helpful in making optimum decision regarding wheat
export from the Canadian Prairies.

Data Used

Spring wheat yield, climate, and satellite data pertaining to
Swift Current, Saskatchewan, were used in the study. The yield
and satellite datawere originally obtained from Statistics Canada,
and the climate data (temperature and precipitation) from
Environment Canada. The satellite datarefer to AVHRR (Advance
Very High Radiometric Resolution) sensor of NOAA (National
Oceanic Atmospheric Administration) satellite. The NOAA /
AVHRR dataisavailablein fivewavelength channels, but only the
first two channels (red : 0.58 - 0.68 m, andinfrared: 0.725- 1.10
m) have been commonly utilized to develop various indices for
monitoring vegetation conditions (Goward et a., 1991). NDVI as
defined below, has been found to beaglobally useful index in crop
yield estimation (Barnett and Thompson, 1982; Brown et al, 1982;
Rudorff and Batista, 1990; Bullock, 1992).

NDVI=(R-IR)/(R+IR) [1]
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Table 1: The dataset used in the study.

Year |Yield |Total Average/NDVImax |NDVIavg
(bw/ac)* |Precipitation |Temperature |(week23- |(week23-

(April-July), |(April-July), |week30) |week30
mm 5 e

1975 [24.9 198.3 10.58

1976 [32.8 - |215 13.05

1977 (30.4 1222.9 13.40

1978 [25.5 178.9 12.63

1979 [22.7 166.7 10.85

1980 [22.9 171.6 14.20

1981 [26.8 243 12.08

1982 [32.9 248.2 10.30

1983 (28 212.4 11.70

1984 (19 127.4 12.90

1985 [13.5 84.3 12.85

1986 |31 247.6 12.18

1987 |27.6 173 14.23 106.8 36.1

1988 |7.4 155.4 15.13 125 117.2

1989 [24.9 236.3 12.58 160.5 104.4

1990 {30.9 227.1 11.75 169.6 140.6

1991 [33.2 409.3 12.53 179.5 132.8

1992 [29.1 204.4 11.55 189.6 131.3

1993 [32.9 219.8 11.35 155.6 114.6

1994 |27.2 186.8 12.45 171.3 123.1

* bu/ac (bushel per acre) which is equivalent to 0.06725 t/ha .

where R and IR are the reflectance in the red and the infra-red
bands of the AVHRR sensor of the NOAA satellite.

The weekly NDVI values (Julian week 23 to week 30 i.e,,
June and July) for the 1987-1994 were used in the analysis. This
period was chosen asthereishigh level of canopy coverage during
this period and yield is considered to be related to NDVI during
this period. The complete data set used in the study is given in

Table 1.

Wheat Yield Estimation

The yield can be estimated by radiative and temperature
regimes, soil water available for plant growth, plant nutrients ,
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interference of pests and disease, and farm management activities
(Parry et a., 1988). Various models have been developed based
on basic as well as derived parameters related to soil moisture,
weather , and crop characteristics. For example, some of the
parametersthat have been used in wheat yield estimation are albedo
i.e, ratio of reflected light to incident light on the crop during the
growing season (Idso et al. ,1979), moisture anomaly index i.e.,
difference between monthly observed precipitation and climatically
appropriate precipitation, ratio of evapotranspiration to potential
evapotranspiration (Sakamoto, 1978), crop water use i.e. total
evapotranspiration (Slabbersand Dunin, 1981), canopy temperature
indicesi.e., Stress Degree Day, Temperature Stress Day and, and
Crop Water StressIndex (Diaz et al., 1983). All these studieswere
carried out on experimental basisrequiring data that are otherwise
difficult to measure and therefore not availablefor consistent period
over alarge areasuch asthe Prairies. In western Canada, Raddatz
et al. (1994) estimated average yield of Spring wheat using
regression analysis. End-of-season ratios of water- use to water
demand and the modelled days-to-maturity were used asvariables.
Up to 69 percent of the variation in the observed yields of spring
wheat could be explained by the regression models.

Methodology

Two different approaches of forecasting: statistical regression,
and time series analysis have been attempted in this paper as
explained inthefollowing.

Regression Analysis

Yield versus climatic variables:

Considering spring wheat yield as dependent variable, and
averagetemperature (April to July) , T, and total precipitation (April
to July), P, as independent variables, aregression analysis was
conducted using 1975-1994 data. Three different regression models
using 1975-1991, 1975-1992, and 1975-1993 data were devel oped
toforecast yieldsin the year 1992, 1993, and 1994 respectively.

As can be seen from Table 1, theyieldswere very low in the
year 1985, and 1988, due to drought. To examine the effect of
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Table 2: Regression analysis using climatic data.

R - N -
Year yield Estimated Yield (bu/ac)
(bw/ac)
Using continuous | Using discrete data range
data range (excluding 1985,1988 data)
R’ Yest. R’ Yest.
1992 [29.1 0.57 |[26.92 0.49 26.95
1993 [32.9 0.57 |28.42 0.48 21.9
1994 | 27.2 0.57 [24.74 0.45 26.47 |
MAPE (%) 10.05 8.42 |

drought on forecasting, the 1985 and 1988 data were excluded
from the dataset and regression analysis was repeated. Table 2
shows the results thus obtained. The mean absolute percent error
(MAPE) as defined blow was used as a measure of accuracy of
themodels.

n

X IMesti-YI/Y*100
MAPE = = - 2]

where Yest. isestimated yield, Y isreported yield and nisnumber
of observations.

Yield versus climatic and satellite data:

The NDVI datawere available only for 1987-1994 period. A
common data set (1987-1994) was therefore used for regression
analysis. The yield was predicted for the year 1993 and 1994,
using 1987-1992, and 1987-1993 data respectively. Regression
analysiswasrepeated for the dataset without 1988 data (the drought
year). Regression results thus obtained are given in Table 3.

Time Series Model:
Theyield, Yt, was modelled as afunction of time. In general
such models can be written as (Abraham and Ladolter , 1983):
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Table 3: Yield prediction using regression models using climatic and
satellite data.

Variables [Predicted yield (bu/ac) MAPE(%)
used

1993 1994

(reported yield : 32.9|(reported yield : 27.2

bu/ac) bu/ac)

using excluding [using excluding |using |excluding

1987-92 |1988 data |1987-93 |1988 data |full |1988 data

data

R® [Yest. [R* [Yest. [R® [Yest. [R® |Yest.
TP 0.68 [31.81]0.49 |29.18]0.71|26.37 |0.44 |28.55 |3.18 [8.14
TP, 0.94 {32.82|0.54 {24.170.94|24.33 |0.54 |26.24 |5.40 |15.03

TP, 0.94 (41.78/0.58 |32.25/0.88/|22.13 |0.67 |25.99 |22.823.21

Yi=H(t:8) +e, 3]

wheref(t:8) isafunction of timet and an unknown coefficient
B €, refers to uncorrelated errors.

The 1975-1994 yield data was used to construct the following
time series. To test performance of each model, theyieldsin 1992,
1993, and 1994 wereforecast using 1975-1991, 1975-1992, 1975-
1993 data respectively.

Trend analysis:

Two types of trend models were attempted: linear, and
guadratic. The linear model can be defined as

Yt= B, + Bt +e, [4]
where B, represents the average change from one period to

the next, and quadratic trend model accounting for curvature in
thetrend is defined as

Yt=B,+Bt+Bt2+e [5]
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Figure 1. Yield variation in Swift Current (1975-1994).

Since 1985, 1988 dataappear to have distorted thetrend (Figure
1), the trend models were also fitted on yield series wherein the
1985, and 1988 observations were replaced with the mean yield.
Table 4 gives the results thus obtained.

Moving average method:

This method uses moving averages to smooth out noise in a
time series. Moving length was chosen as 2 in the present case as
thereisfrequent fluctuation inyield series.

Exponential smoothing:

Thismethod uses an exponentially weighted average of all past
values of series to calculate smoothed value at each period. The
nitial value was calculated by backcasting.

ARMA model

Here, the observation at timet, Yt, is modelled as alinear
combination of previousobservations,

Yt= 2}.21 ant-j + g [6]

Such arepresentation is called an autoregressive model , since
the series at time t is regressed on itself at lagged time periods.
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Table 4: Yield prediction using trend analysis.

Year (Reported [Predicted yield (bwac)
yield
(bw/ac)
linear trend quadratic trend
no- \:ought no-change |drought  yields
change inlyields indata  |replaced  with
data replaced with mean yield
mean yield
1992 |29.1 24.08 28.38 29.45 32.12
1993 (329 25.03 28.71 30.9 31.98
1994 127.2 26.61 29.8 33.63 33.57
MAPE |14.45 8.26 10.31 12.20
(%)

Such an autoregressive representation can lead to model swith many
parameters that may be difficult to interpret. However,
autoregressive models can be approximated by autoregressive
moving average (ARMA) models of theform :

Yi=¢,Y,, +.+ ¢th—p te -9, - ¢q£t—q [7]

In these models the observation, Yt , is written as a linear
combination of past observations and past errors, p and g are the
orders of the autoregression and of the moving averages. An
appropriate model can be built from the past data following an
approach developed by Box and Jenkins (1970). On observing the
respective graphs, values of both p and q were found to be 2, and
asaresult ARMA (2, 2) was used to forecast yield. The results of
moving average, exponential smoothing and ARMA model aregiven
inTable5.

Results and Discussion

Regression results are shown in Table 2 and Table 3. When
regression models were tested to forecast yield, the mean absol ute
percent error (MAPE) was minimal (3.18%) for the models using
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Table 5: Yield prediction using moving average, exponential
smoothing and ARMA models.

Year |Reported |Predicted vield (bu/ac)
yield
(bw/ac)
Moving Exponential ARMA
average smoothing
no drought [no drought
change infyields changelyields
data replaced  |in data|replaced
with mean with
ield mean yield
1992 |29.1 32.05 25.9 30.3 30.01 |25.02
1993 (32.9 31.15 26.15 |28 194 (247
1994 (27.2 31 26.7 28.2 26.7 |31.5
MAPE (9.81 1112 |7.56 15.33 |18.25
(%)

only temperature and precipitation data. These models were
developed using contracted datasets (1987-1992 and 1987-1993).
Contrary to a pre-analysis assumption, the NDV|I did not improve
model accuracy. It can be attributed to distortion in NDVI values
because of clouds or other unknown factors. In the presence of
clouds, which are frequent weather feature of the Prairies, the
NOAA/AVHRR image doesnot show ground features but clouds,
and therefore does not reflect crop conditions. Besides, presence
of fallow fields may also affect the NDV I values. A typical NDVI
profile distorted under cloudy conditionsisshowninFigure 2.

Under normal conditions, NDV1 profile looks like a normal
curve. If the NDVI values are adjusted for clouds, the data may
help improve the model’s accuracy. Further, the average NDVI
wasfound to bea better indicator of yield compared to the maximum
NDVI. But again, more reliable findings can be achieved only
with appropriately-adjusted NDVI data.

In order to examine the effect of droughts, the analysis was
repeated on the dataset excluding drought data (1985, 1988). Inthe
larger dataset, the prediction errors reduced from 10.05 to 8.4 %
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Figure2: Dropin NDVI values due to clouds.

(Table 2). However, asimilar trend was not observed in the case of
the shorter dataset (Table 3). In regression modelsusing, T and P,
using T, P, and NDVlavg, the error increased . But, when the
NDVImax was used in place of NDVlavg, exclusion of the 1988
dataimproved the model accuracy drastically (percent error reduced
from 22.82 to 3.21). It can be seen from the Table 1 that the
NDVI value for the minimum yield (7.4 bu/ac) in 1988 was very
high (125), and even higher than in 1987 when the yield was rather
normal (27.6 bu/ac). Thistendsto reveal that the NDVImax isnot
agood indicator of yield under drought conditions.

Therationale behind use of time series analysis for predicting
theyield can beverified from thefact that yield affecting variables
such as temperature, and precipitation have well- known time
dependent cyclic variations. Inthe Prairies, precipitationisthemain
factor affecting yield and is part of a time dependent global
hydrological cycle. Therefore, theyield canbeindirectly considered
asatimedependent parameter assuming that all other yield affecting
factors are stable. As can be seen from Table 4 and 5, time series
models were devel oped using data with no change in their values
and using datain which the observationsin 1985 and 1988 were
replaced with the mean values. Fitting a trend line in the yield
series, the quadratic trend showed better results (error 10.31 %)
than the linear trend (14.45%). When the yields in drought years
were replaced with the mean yields, linear trend provided an
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improved performance (error reduced to 8.26%) whilethe quadratic
trend showed a decline in accuracy (error 12.20 %).

From Table 5, it is evident that the ARMA model gave the
poorest result. The best results (error only 7.56 %) were achieved
in case of exponential smoothing for the case where the drought
yields were replaced with the mean yields. However, when no
change in the data was made, the moving averages method gave a
better result (error 9.81%). Hence, inthe case of drought, themoving
average technique may be a better option, while in the case of
normal yield or moderate drought conditions, an exponential
smoothing providesamorereliable forecasting technique.

Conclusion

1. Aregression model based on average temperature (April o
July) T, and total precipitation
(April to July) was found to be the best among all the models
developed in the study.

2. The average weekly NDVI for the period from June to July
was a better indicator of wheat
yield than the maximum NDV I over the same period.

3. Intimeseriesanaysis, exponential smoothing of theyield
series provided best estimates under normal conditions.
However, the moving average method showed better
performance under drought conditions.
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Water games: the location of water-based
sports events at the 1997 Canada Games

John Welsted, Brandon University
John Everitt, Brandon University

Abstract: The 1997 Canada Gameswere held in Brandon, Manitobafrom
9to 23 August. The choice of the City of Brandon as asite for the games
was a coup for this urban area, but also created problems for the local
organizers with respect to the location of some of the events. Included in
the games are 18 sports, some land-based and others water-based. In this
paper we shall concentrate on the water-based events, in particular those
which take place outdoors. Outdoor water-based sports include canoeing
and rowing, sailing, and water-skiing. Although the gameswere associated
in people’smindswith Brandon, suitablefacilitiesdid not exist within the
city limits for all the sports. This was particularly true of the outdoor
water events. It was possible to modify the Assiniboine River in Brandon
to accommodate the requirementsfor water-skiing, but eventsin the other
sports had to be located outside the city, in rural Westman: the canoeing/
rowing at Minnedosa Lake and the sailing at Pelican Lake. In this paper
we shall discussthe specific physical requirementsfor water-based sports,
the locational options that were available, and the sites that were finally
chosen.

Introduction

In recent years there has been an increase in the amount of
lelsuretime availableto peoplein general and tothoseinthewestern
world in particular. Associated with this growth has been an
increase in demand for recreational pursuits to fill these
discretionary hours, and recognition of recreation not only as a
major land use and industry, but also as avalid areafor academic
study (Ryan 1991: x). Although geographers are usually not
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interested in all activities designed to fill this newly created void,
they are especialy interested in outdoor recreation.*

“Canadaisblessed with rich and varied opportunitiesfor people
to participate in outdoor recreation” (Wall 1989: vii). Although
the image of Manitoba held by many Canadians is of a uniform
and even boring landscape, the province has a variety of physical
and human environments, many of which are conducive to, and
attractivefor, outdoor recreation (Everitt 1997). WhereasWinnipeg
tends to concentrate on urban and cultural attractions, rural
Manitoba (outside“ The Perimeter”) isnoted for outdoor activities,
and as a result, recreation has become a major contributor to the
economy of Manitoba (Gill 1996: 289).2

Although, on average, most recreation time and money in
Manitoba is spent by Manitobans, thisis not the case for “mega-
events,” which by their nature are designed to attract people from
far-off parts, thus boosting the economy of aregion and at the same
time hel ping to make for asuccessful event (Butler 1997). A mega-
event is difficult to define in some instances. A “happening” of
major significance to Holland, Manitoba, for instance, might not
be of great importance to Winnipeg. However, the event to be
discussed inthis paper, the Canada (Summer) Gameswould qualify
as“mega’ on a Canadian scale, by whatever definition.

Therewas considerable excitement in the City of Brandon when
the community was awarded the 1997 Canada Games, asthe Games
bring with them the promise of an influx of paying customers,
national exposurein the media, and the prospect of the devel opment
of physical facilities that would not otherwise be economically
feasible.

However, when a community is awarded “the Games” it
undertakesto providethe necessary facilitiesfor 18 different sports,
of which 12 areland-based and 6 (canoeing, diving, rowing, sailing,
swimming and water-skiing) are water-based. As noted above,
part of the rationale for the awarding of the Games to small
communitiesisto encouragethem to build facilitiesthat they would
not normally be able to afford. With limited exceptions, Brandon
was ableto providethe physical requirementsfor the various sports.
We shall concentrate on the water-based sports because they
presented the greater challenge for the organizers. Inaddition such
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Figure 1: The Assiniboine River at Brandon.

sports are not commonly associated with a small city - prairie
environment and arguably provide a more valuable case study for
recreational geographers.

The swimming and some diving were held at the pre-existing
Sportsplex which dates from the Canada Winter Games held in
Brandon in 1979 (Figure 1). However, this facility was not
completely acceptableasit hasonly 6 laneswhereasideally 8 lanes
should beavailable. Also, asecond warm up pool isrequired within
reasonabl e distance of the competition pool and thereis not one of
asufficiently high standard in Brandon. Moreover, the Sportsplex
pool haslimited facilitiesfor spectators; so the only people allowed
to watch the swimming events were the competitors, coaches,
parents of competitors, and members of the media.

The Sportsplex pool was unacceptable for diving except for
one metre springboard diving. At an early planning stage, the city
had projected the building of an outdoor diving facility near an
existing pool at Curran Park at the western edge of the city (Figure
1). The building of the diving boards would have been combined
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with the construction of aseriesof water slidesto ensure subsequent
use. However, the projected development proved to be too
expensive, and consequently the three metre and tower diving had
to be held at the Pan Am Pool in Winnipeg.

Fortunately these were the only instances in which Brandon
was delinquent in providing facilities. However, the other water-
based events (water-skiing, canoeing and rowing, and sailing)
provided some problems for a city which has only one significant
water body, the Assiniboine River, within its boundaries. Thus, it
was hecessary to look outside the city for suitable locationsfor the
canoeing and rowing (taken as one sport) and sailing events.

In al cases when choosing a location the organizers asked
themselves two questions: 1) isthere a club or other group near
the venuethat will help to plan and run the events? and 2) if money
is put into developing a venue, is it likely that it will be used in
later years?

Water-Skiing

Asthe Assiniboine River isthe only water body in Brandon it
wasinevitablethat it would be considered as avenue for the water
events. It had some advantages as alocation for water-skiing:

1) There is a water-ski club in Brandon that could help organize
the competition.

2) Thisbeing the case it waslikely that facilities devel oped for the
Games would be used in subsequent years.

3) Water-skiing competitions have been held on the Assiniboine
before (the Western Canadian Water Ski Championships in
1982), although in a slightly different location from that
eventually selected (Welsted 1989).

4) It is within the city and therefore provides easy access for
spectators.

5) Theexistence of awelir at Third Street meant that aregular water
level could be maintained during the games (Figure 1).

6) Parts of the river are sheltered; therefore rough water was not
likely to be a problem.

There were, of course, some obvious disadvantages:

1) TheAssiniboineisameandering river with few straight stretches.
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2) Theriver is narrow and shallow.

3) Water quality is not good.

4) The river has a current which is a factor when considering
whether records have been achieved.

Despite these disadvantages the events were held on theriver.
Theproblemswereeither overcomeor ignored. A relatively straight
stretch of the river was chosen just above the weir at Third Street
(Figure 1). At thislocation the river was widened and deepened,
so that it was broad enough and deep enough for the competitors,
and at the same the banks were given a more gentle slope. This
provided safety for the skiers aswell as access for spectators, and
asthe excavation wasin apark areaof thecity, therewasrelatively
little impact on prior land use. As far as we know there were no
complaints about the water quality and we are told that the current
in the river dropped to an acceptable speed just before the
competition began.®

The Manitoba Department of the Environment required an
assessment of this site under the Environment Act.* One outcome
of the assessment was a requirement to monitor sediment passing
along the river before, during, and after construction (Terry and
McGinn 1998). Another assessment was required under the
Manitoba Heritage Resources Act. Fortunately the resulting study
found no archaeol ogical sites at thislocation.®

Canoeing and Rowing

These sports have different requirements from water-skiing:
1) The course has to be longer -- 1000 metres in the case of
canoeing, and 2000 metresin the case of rowing.
2) Thewater body hasto be wide enough to accommodate 6 |anes.
3) There should be little or no flow in the water.These ruled out
the Assiniboine as a possible venue and attention inevitably
focussed on MinnedosalL ake (Figure 2), an artificial lake created
by the damming of the Little Saskatchewan River (Punak and
Welsted 1989).
The location had several advantages:
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Figure2: Water bodies of southwest Manitoba.

1) Aninterested community in Minnedosawho would help with
the organi zation of the events and would ensure subsequent use of
the facilities.®
2) Although not in Brandon, it iswithin easy commuting distance

of the Games centre, and Minnedosaitself providesagood pool
of spectators.
3) Thelakeislong, yet wide enough to carry the necessary lanes.
4) It is sheltered to the east and the west.



Prairie Perspectives 99

5) The sides of the Little Saskatchewan Valley provide good
spectator view points.

Aswith any location there were some disadvantages, the main
being:

1) There was concern about sedimentation at the north end of the
lake.”

2) Water level in the lake can fluctuate depending on inflow from
the Little Saskatchewan River and the height of the dam at the
outlet in Minnedosa. However, the problems were not
insurmountable. No dredging of thelakewasrequired, although
the starting point of the 2000 metre rowing events at the north
end of thelakewascloseto shallow water. Someweed harvesting
was done and some beaches were elongated for ease of boat
launching and to improve spectator viewing. The Town of
Minnedosa controls the dam level and was able to maintain a
constant water level during the games. Asno construction was
involved the Canada Games Society was not required to conduct
either an environmental assessment or an assessment of heritage
resources in order to have this venue approved.

The venue was a success. Buoys, cables and other equipment
purchased for the games have been stored, and it isbelieved that at
least some of the events for the Pan American Games, based in
Winnipeg in 1999, will take place on Minnedosa L ake.

Sailing

Sailing on the Assiniboine is not possible, so an alternative
had to be found. Clear Lake in Riding Mountain National Park
was one possibility,® but the first choice was always Pelican Lake,
located 73 km south of Brandon (Figure 2). Pelican Lake has had
achequered history as arecreational resort, depending largely on
the water level in the lake (Welsted 1992). The Pembina River
Diversion Scheme which aimed to increase and stabilise the level
of the lake was completed in 1993 and in the relatively wet years
since then the lake level has risen.

As with the other venues, there were advantages and
disadvantages to the location:
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The advantages were:

1) There is a yacht club in the area whose members have been
sailing on the lake for many years. They were able to provide
the necessary organizational background and ensure that any
facilities built would be used in the future.

2) Thelakeislong and relatively narrow, but easily wide enough
to set out a competitive course.

3) Good steady winds blow along the lake on aregular basis.

Disadvantages were:

1) The lake is a considerable distance from Brandon (nearly an
hour’s drive).

2) Thereis no nearby population base from which to draw which
to draw spectators.

3) A new breakwater was needed to protect an area for docking
and launching.

4) The quality of water was poor. The Pembina River diversion
scheme hasincreased thelevel of thelake but it has not improved
water quality.

Despitethese drawbacks Pelican L ake proved to be an excellent
location. The distance from Brandon and the lack of a large
population base in close proximity were not factors as sailing is
not abig spectator sport under the best of conditions. A breakwater
was built at the north end of the lake. The poor water quality was
not a factor as sailors do not expect to spend much time in the
water. The Canada Games Society was not required to conduct an
assessment of impact on heritage resources, but under the Navigable
Waters Pollution Act, the Society was required to include culverts
in the breakwater to prevent stagnant water on its landward side,
andtoinstall anavigation hazard light at the end of the breakwater.

The event was blessed with a week of warm, sunny, windy
weather (on one day it wastoo windy) enabling the eventsto proceed
smoothly. Improvementsto the yacht club house and the building
of the breakwater with docking facilities have ensured that future
competitions will take place at this location.
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Conclusion

Locating and providing the necessary physical facilities for
the outdoor water events at the Canada Games was a considerable
challengefor the organizersbased in asmall prairie city. However,
at relatively minor cost suitable venues were selected and adapted
to provide excellent facilities both for competitors and spectators.
In keeping with one of the aims of the Games, the facilitieswill be
preserved and it is likely that al three -- the Assiniboine River,
Minnedosa Lake, and Pelican Lake -- will continue be used for
sports recreation and that future competitions will take place on
them. Unlike some other mega events, the Canada Games held in
the Brandon area appear to have achieved most of their stated
objectives.
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End Notes

LIn this paper we shall attempt to avoid many of the
terminological pitfalsthat characterize anew research area - such
as the study of recreation. Thus although tourism and outdoor
recreation are closely related -- indeed tourism may be seen asone
form of outdoor recreation -- we shall confine outselves to a
discussion of recreation.

2,Gill points out that tourism, which constitutes one part of
outdoor recreation, is the sixth most important contributor to the
provincial economy.

3.Cory Gross, Facilities Coordinator, Canada Games, Personal
communication, 9 September 1997.

4.For details of the fisheries and habitat assessment see
Evaluation of the Proposed Dredging of Assiniboine River Shoreline
at Brandon. Report to Reid Crowther and Partners Ltd by TetrES
Consultants Inc. November 1995 (Winnipeg: np).

5.Brandon 1997 Canada Games Waterski Facility Project,
Heritage Resources Impact Assessment Final Report prepared for
Brandon 1997 Canada Games Society Inc. by Northern Lights
Heritage Services, November 1996 (Brandon : np).

6.Lake Wahtopanah, a bigger lake caused by another dam on
the Little Saskatchewan River, does not have a history of water-
based sports events and in thisrespect alone it was aless desirable
location.

7.See " Saving Minnedosa L ake” The Tribune (Minnedosa), 31
March 1997, 3.

8, The main problem with Clear Lake would have been the
difficulty of blocking off apart of the lake from the general public
during the busy late summer season.
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The effect of suspended sediment control
measures during the construction of a waterski
facility, Assiniboine River, Brandon, Manitoba

A.E Terry, Brandon University
R.A. McGinn, Brandon University

Abstract: A suspended sediment monitoring programme was a term/
condition of the Environmental Act Licence, issued to the Brandon 1997
Canada Games Society Incorporated, for devel opment of aWater Skiing
Facility on the Assiniboine River in Brandon Manitoba. A 420 m reach
of the Assiniboine River had to be widened by 20 m to adepth of 2 min
order to accommodate venue requirements established by Water Ski
Canada. A Floating Turbidity Barrier (sediment screen), was installed
before dredging began on September 19, 1996. Construction was
completed on November 5, 1996 after approximately 18,000 m® of material
had been removed from the left bank of the Assiniboine River.

The sediment monitoring programme was to measure the suspended
sediment load during the construction period and to assessthe effectiveness
of the sediment control measuresimplemented at the Waterski devel opment
site. Suspended sediment sampling occurred at three hydrometric cross-
sections along the Assiniboine River; a control site located 14.9 km
upstream of the development site (A-200), asecond cross-section located
just downstream of the development site (A-400), and athird cross-section
8.5 km further downstream (A-600). Daily suspended sediment
concentrations, sampled at the three siteswere subjected to the Wil coxcon
Matched Pairs Signed Ranks Test. Recorded suspended sediment loads
at the A-200 site were significantly greater than those measured at either
the A-400 or A-600 sites. The differences are attributed to the effect of a
sediment screen at the construction site, an in channel weir located
downstream of the devel opment site but upstream of A-400, and the natural
aggradation regime of theriver during falling discharges.
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Introduction

A sediment control and monitoring programme was a term/
condition of Environmental Act, Licence issued to the Brandon
1997 Canada Games Society Incorporated for development of a
water skiing facility on the Assiniboine River. The proposed
waterski facility is located along the left (east) bank of the
Assiniboine River, approximately 400 metres upstream of the 3rd
Street Weir, adjacent to Dinsdale Park in the City of Brandon,
Manitoba (Figure 1).

A 420 m reach of the river had to be widened by 20 m to a
depth of 2 m in order to accommodate venue requirements
established by Water Ski Canada. During construction,
approximately 18,000 m® of material was removed from the |eft
bank of the Assiniboine River.

Purpose of the Sediment Monitoring Programme
The purpose of the sediment monitoring programme was to:

1. monitor the normal suspended sediment load in the
Assiniboine River during the dredging period;

2. to estimate the amount of suspended sediment introduced into
the river during dredging; and

3. to assess the effectiveness of the suspended sediment control
measures implemented at the devel opment site.

Sediment Monitoring Programme Specifications

Hydrometric Sampling Sites:

Suspended sediment sampling took place at three selected

hydrometric cross-sections in the study area:

1) 4.8 km upstream of the development site; (A200),

2) 0.6 km downstream of the development site; (A400) and
3) 8.5 km downstream from the A400 site; (A600).

The first two suspended sediment sampling sites (A200 and
A400) are located within the City of Brandon. The A600 site is
located approximately 9.1 km downstream of the waterski venue
at the eastern limits to the city (Figure 1).
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Figurel: AssiniboineRiver: the study reach (Waterski Facility).

Sediment Mitigation:

Contractors were required to complete the dredging of the left
bank as quickly as possible during low flow conditions
(Environmental Act, Licence 2159). A Floating Turbidity Barrier
Type 1A, was installed before subsurface dredging began. The
sediment barrier consisted of 10 panelsof reinforced polyester vinyl
laminate, each 100 feet (32.8 m) inlength and 7 feet (2.30 m) deep.
This screen was set 7 metres out from the bank and anchored with
twenty pound (7.69 kg) weights placed approximately every 10 m
along the 1000 foot (304.8 m) length of the screen.

The 3rd St. weir, located approximately 400 m downstream
of the proposed waterski facility, impounds the river and raises
water levels approximately 1.8 m (Crowther et al., 1995). This
weir probably trapped many of the larger sized suspended
sediments.

Sampling Procedures and M ethodologies:

Dredging of the left bank began on September 19, 1996.
Construction proceeded, six days aweek, until late October when
soft ground brought dredging to a halt on October 30, 1996. After
two weeks of freezing temperatures construction resumed and the
project was completed in late November, 1996.
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In July and August, 1996, well before construction and
dredging began, detailed cross-sections were measured at each
hydrometric sampling site. Stream discharge measurements were
taken according to the method outlined by Terzi (1981). At the
sametime, suspended sediment concentrationswere sampled using
the Equi-Discharge Increment (EDI) methodology as outlined by
Tassone, Lapointe and Zrymiak (1992). Stream discharge values
and suspended sediment concentrations are used to calculate the
total suspended sediment load (Penner et al. 1985).

Once construction had begun, single vertical suspended
sediment sampling normally took place each day at the three
hydrometric cross-sections. The EDI suspended sediment
concentration data, collected prior to construction, were used to
identified the sampling verticals. Daily discharge values recorded
at gauging station 05MHO013, located 14.9 km upstream of the A200
sitewere used for the cal culation of total suspended sediment load.
It isestimated that the discharge measured at the gauge would pass
completely through the study reach in 25 hours. Therefore, no
temporal corrections were applied to the data.

Five additional EDI’s were conducted at the three sampling
sites during the dredging period. These detailed measurements
were used for verification of gauged discharge valuesand to assure
that single vertical sampling was conducted at the appropriate
sampling vertical.

Samples were sent to Enviro-Test Laboratories, Manitoba
Technology Centre in Winnipeg, Manitoba. Suspended sediment
concentrations ( g Lt) were measured in the laboratory by the
filtration method as prescribed by Environment Canada
(Environment Canada, 1987).

Discussions of Results

Stream Discharge Regime:

Figure 2 illustrates the mean daily discharge for the period
July 3to November 12, 1996. On July 3, 1996 mean daily discharge
was 82 m® s'. During the next two weeks mean daily discharge
fell t0 59.6 m*s®. On July 20 an event hydrograph began to move
through the study area and mean daily dischargesrose. The crest
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Figure2: Assiniboine River (A200) stream discharge and suspended
sediment load.

of thisevent occurred July 25 when amean daily discharge of 70.6
m? st was recorded at the 05MHO013 stream gauge. By August 15
mean daily discharges had returned to recession limb values and
continued to decrease throughout the month. In the first week of
October mean daily discharge values were at approximately 35 m?
st. On October 7, 1996 a significant discharge release from the
Shellmouth Reservoir began to move through the study reach.
Dischargesroseto 37 m® s* and remained at valuesin excess of 36
m? st until the end of October. Ice conditions prevailed through
the remainder of the study period and recorded discharges declined
from 34 m? s* to approximately 30 m3 s?.

Suspended Sediment Regime:

Figure 2 illustrates the total suspended sediment loads which
were measured at the A200 site for the period July 3 to November
12, 1996. Suspended sediment load is positively correlated with
measured stream discharge.

Relatively high suspended sediment loads (1100 tonnes day?)
are associated with the large discharges recorded in early July.
These values had decreased to approximately 850 tonnes day* by
July 20. Asthe July 20 - August 15 event hydrograph moved
through the study area, suspended sediment concentrations
increased by approximately 50 g Lt. Thetotal load, recorded 12



108 Prairie Perspectives

daysafter the peak, had increased to 1142 tonnesday*. Decreasing
suspended sediment loads paralleled the decline in discharge
throughout August and September. By September 1, suspended
sediment concentrations were approximately 100 g L* and total
loads were calculated to be about 425 tonnes day. Local rainfall
events probably account for the increase in suspended sediment
concentrations on or about September 10 and 26, 1997. Inthefirst
week of October mean daily suspended sediment loads were
calculated to be approximately 250 tones dayt. As the discharge
release from the Shellmouth Reservoir began to move through the
study reach (October 7, 1997), suspended sediment concentrations
increased to 313 tonnes day*. As discharges dropped to 34 m? s'?
at the end of October, total suspended sediment loads fell to 135
tonnes day*.

Daily suspended sediment |oads, measured at paired sites (A200
and A400), (A200 and A600) and (A400 and A600) were subjected
to the Wilcoxon Matched Pairs Signed Ranks Test (Snedecor and
Cochran, 1972).

Statistical Results:

Suspended sediment loads measured at the A400 and A600
sitewere expected to belessthan those recorded at the A200 control
site. This expectation is due to three factors:

1. TheFloating Turbidity Barrier TypelA, installed at the waterski
site, will limit the volume of sediment entering the Assiniboine
River during dredging.

2. The 3rd St. Weir, located 200 km upstream of the A400
sampling site, acts as a small dam, impounding the Assiniboine
River and slowing stream velocity. As stream competence is
reduced, thelarger suspended sedimentsare deposited inthe settling
basin which has formed upstream of the weir.

3. Decreasing mean daily discharges, common to the late
summer and fall, result in reduced stream sediment capacity. As
stream capacity declines, in channel sediment deposition occurs.
Consequently, the aggrading stream sediment regime is expected
to reduce suspended sediment loads in the downstream direction.
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Results Of A200 vs A400:

Figure 3 illustrates the suspended sediment loads measured at
the 18th St Bridge (A200) hydrometric cross-section and the 1st
St. Bridge (A400) sampling site.

Comparative sampling occurred on thirty dates during the
dredging period (September 19 - November 15, 1996). The
Wilcoxon Matched Pairs Signed Ranks Test indicates that there
was a significant difference in the suspended sediment loads ( =
0.01) recorded at the two sites.  Suspended sediment |oads were
higher at the A200 control site on twenty of the sampling dates.
This was expected. However, on 10 sampling dates, suspended
sediment loads recorded at the A400 site were greater than the
sediment loads measured at the control site. Thedifference between
four of the matched pairs was within the range of measurement
error (5 percent) and considered not significant. However six of
the paired samplings indicate significantly greater suspended
sediment loadings. In particular, the period from September 26 -
October 4, recorded an average of 15% more sediment in suspension
at the 1st St. Bridge site than was measured at the A200 control
site located 5.6 km upstream. A second period of significantly
higher suspended sediment loads at the A400 site was observed on
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October 15and 16. Particularly on October 16, therewasarecorded
57 percent increase in the suspended sediment load measured at
the 1st St. Bridge.

Results of A200 vs A600:

Comparative sampling occurred on 28 dates during the dredging
period. The Wilcoxon Matched Pairs Sighed Ranks Test indicates
that there was a significant difference in the suspended sediment
loads ( = 0.01) recorded at the two sites. Suspended sediment
loadswere higher at the A200 control site on 26 of the 28 sampling
dates. Since A600 islocated 13.9 km downstream of the 18th St
Bridge (A200), the Assiniboine's aggrading sediment regime was
expected to significantly reduce suspended sediment loadsthrough
this length of channel. In addition, the 3rd St. Weir is situated
between the two sites and was expected to trap significant volumes
of suspended sediment.

The two anomalous matched pairs were within the 5 percent
measurement error and considered not significantly different.

Results of A400 vs A600:

The Wilcoxon Test indicates that there was a significant
difference in the suspended sediment loads ( = 0.01) recorded at
the two sites. Suspended sediment loads were higher at the A400
site on 25 of the 29 sampling dates. A600's location 8.5 km
downstream of the 1st St Bridge (4200) and the Assiniboine's
aggrading sediment regime effectively reduced suspended sediment
loads through this length of channel.

There were only four dates when the suspended sediment
loads recorded at the A600 site exceeded those measures at the
A400 site. These differenceswere not considered to be significant
as, in al matched pairs, they fell within the measurement error.

Discussion

Figure 3 and the results of the Wilcoxon Matched Pairs Signed
Ranks Test demonstrate that thereisageneral declinein suspended
sediment loads through the study reach in adownstream direction.
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Suspended sediment |oads measured at the Highway 110 Bridge
(A600) were always less than the suspended sediment loads
calculated for the A400 and A200 sites. This indicates that a
potential sediment plume generated at the dredging site was
undetectable 9.0 km downstream.

At the A400 site six of the paired samplings indicated
significantly greater suspended sediment loadings than those
recorded at the A200 cross-section. In particular, the period from
September 26 to October 4 recorded an average of 15% more
suspended sediment at the A400 site than was measured 5.6 km
upstream at the 18th St. Bridge. During this period, maximum
differences exceeded 22 percent. Clearly, sediment was entering
the river during dredging. A second period of significantly high
suspended sediment loads, measured at the 1st St. Bridge site, was
observed on October 15 and 16. October 16, in particular, registered
a 57 percent increase in the suspended sediment load compared to
the 18th St. Bridge site. 1t is speculated that during these two days
thefloating turbidity barrier wasrelocated to adownstream position.
Relocation of the turbidity barrier was required since the 420 m
dredging reach was longer than the total length of the turbidity
barrier (approximately 305 m).

Conclusion

From a statistical perspective, the construction of a waterski
facility and the associated channel dredging appears to have had
little impact on the normal suspended sediment regime in the
Assiniboine River. Observed results are attributed to the effect of
afloating turbidity barrier at the dredging site, an in channel weir
located 400 m downstream of the dredging site but upstream of the
A400 sampling location, and the normal aggrading regime of the
river during falling discharges.

During channel bank dredging, the floating turbidity barrier
could not prevent al the sediment from entering the Assiniboine
River. For anine day period in late September and early October
suspended sediment loading increased by amean of 15% and by as
much as 22%. However, this increase in suspended sediment
loading was not detectable at the Highway 110 Bridge 9.0 km
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downstream. A second sediment plume was detected on October
15 and 16 at the A400 site. Suspended sediment loads increased
by 57%. It is suspected that the floating turbidity barrier was
repositioned approximately 100 m downstream at this time.
Removal of theturbidity barrier introduced significant volumes of
trapped sediment into the flow. There was no evidence of this
sediment plume extending to the A600 site and it is assumed that
the dispersed material had been deposited in the river channel
upstream of the Highway 110 Bridge.

Suspended sediment introduced into the Assiniboine River
at the dredging site appearsto have been deposited within the study
reach. If thisisthe case, the construction of Brandon 1997 Canada
Games Waterski Facility at the Dinsdale Park site had little or no
impact on the riverine ecosystem beyond the study reach.
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Optimum route location model for an all-weather
road on the east side of Lake Winnipeg

J. Simpson, Univer sity of Winnipeg
S. Hathout, Univer sity of Winnipeg

Abstract: Development of all-weather roads in remote areas presents
many problems. Thisiswell illustrated by this study which attempts to
determine the best road corridor for the east side of Lake Winnipeg. This
corridor must connect the various resource-basesin native communities.
Thisstudy alsoinvestigatesthe key engineering, environmental and social
factors affecting road development to the region. They should not be
considered inisolation from one another, asthey areinterrelated.

Any all-weather road development requires an environmental
assessment of some form. Usually such developments are designed with
engineering standardsin mind, with little heed given to the environmental
and socia impacts in the early planning stages. The development of
optimization model s using Geographic Information System (GIS) can assist
inthe placement of aroad by reducing human conflictsand environmental
impacts.

Theobjectives of thisstudy aretwofold: firstly, to design an optimum
path road network model for the east side of L ake Winnipeg, and secondly,
to demonstrate the effectiveness of a GIS model in providing a corridor
with the least cost of engineering, and minimal environmental and social
impacts.

Introduction

Development of all-weather roads in remote areas presents
numerous problemsand conflicts. The east side of Lake Winnipeg
isaremote region of dispersed, isolated, small communitieswhich
currently rely on temporary, weather-dependent transportation
systems. Transport Canada (1987) hasrecommended an all-weather
road facility to assist in the placement of interim improvement
facilities, which isto consider environmental and cultural factors.
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TheProvincia Overview Plan of 1987 (ManitobaNatural Resources,
1987) emphasi zed the need for multi-use corridorsin thisregion to
reduce the overall impact. “It isredized that some zonesin the
plan areaare very sensitiveto transportation corridors, the paramount
importance of these corridorstoisolated communitieslocated within
and beyond the plan area should not be neglected.”

Any all-weather road development would require an
environmental assessment of some form. These types of
developmentsare generally designed to meet efficient engineering
standards, with little consideration of environmental or social impacts
intheearly planning stages. The devel opment of optimization models
can assist in establishing aroad alignment that woul d reduce potential
conflict and environmental impacts. All-weather roads will link
communities and facilitate the exchange of industrial goods, but
they can also have a negative impact on caribou calving areas,
hunting and fishing in the area.

The purpose of this study is to develop and demonstrate, on a
micro- computer based system, an optimum route |ocation model
forinitial siting of acorridor for road development which takesinto
account engineering, social and environmental considerations. This
model could takeinto consideration lessons |learned from Conflict
Regulation by Boulding and Wehr (1979) for improving the overall
efficiency and accuracy of conceptual plans. Another objectiveis
to demonstrate the effectiveness of a GIS model in providing a
corridor at thelowest cost while minimizing environmenta and socia
impacts. Such a model will provide a beneficial mechanism for
resolving conflictsin road devel opment by attempting to take into
account the magjority of concernsandinterests. It hasthree principal
components: road engineering, environmental, and social criteria.
Each component is broken into anumber of layers which form the
raw data for the model. The datais derived from existing maps,
satelliteimagery and community meetings.

Study Area

The study area chosen is from the east side of Lake Winnipeg
east to the Ontario border and from Hollow Water north to Pigeon
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River (Figure 1). The east side of Lake Winnipeg isone of thefew
remaining regions under devel oped regions of Manitoba, with most
of it accessible only by winter road, boat, or plane. Thisregion of
Manitoba is part of the Canadian Shield and is characterized by
uplandswith exposed bedrock and broad low lying areas. Muskeg
and other types of low lying land predominate near the shore of
Lake Winnipeg, while areas of bare rock are common along the
Manitobaand Ontario border. Thereare pockets of lakesthroughout
the region. The region’s rivers and lakes drain west into Lake
Winnipeg. Theshallow soilsareamixtureof grey luvisols, organic
and rock land covered by boreal forest composed mainly of black
spruce, white spruce, jack pine and other coniferous species. The
main inhabitantsare Aboriginals, Metis, and afew whiteinhabitants.
Thetotal population of around 11,000 people. The mgjority of the
areais Crown Land, which fallsunder provincial jurisdiction. The
Indian Reserveland currently fallsunder federal jurisdiction.

There are pockets of lakes throughout the region (Table 1).
Theeconomy isprimarily subsistencewith some commercia activity.
The unemployment rate is well over fifty percent and the region
relies heavily on transfer payments and on southern subsidy
(ManitobaNatural Resources, 1987). Thepopulationintheregion
isrising at arate exceeding three per cent per year. The region
may not have the capacity to support the population without
continuing subsidy and southern goods (Table 1).

The east side of Lake Winnipeg is in a period of transition.
However, the cumulative impact on the environment can be
minimized with proper planning and decision making. The use of
GIS, mapping database, and Remote Sensing, may help with these
processes.

Methods of Analysis

Modelling refersto the processing of duplicating processesand
conditionsin order to provide new information about the physical
and sociological processes that make make up our world. Route
location models have been used for many years. Roberts and
Suhbier (1964) used presel ected aternate routes and eval uated them
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Table 1: Native communities on east side of Lake WWinnipeg.

COMMUNITIES | POPULATION | INDUSTRY | DOMINANT
St b e e .' o .. U_\NGUAGE:

Bloodvein 494 1,4,7,8,12 English

Little Grand ; 943 7,10,1,4 Saulteaux

Rapids

Paungassi LGR 7,10,1,4 Saulteaux

Berens River 874 1,49,13 English

Poplar River 620 1,4,8 Saulteaux

St. Theresa Point 1720 1,8,7,4 Cree

Wasagamack 765 1,6,7,8 Cree

Population Total +5416

Economic Activities

1. Fishing 9. Commercial Industries

4, Forestry 10. Guiding

6. Hunting 12. Band Administration

1e Trapping 13. Government

8. Construction 14. Arts and Crafts

with respect to several cost variables. Thisallowed for therational
selection of the best alternative.

Turner and Miles(1971) determined that there are many factors
affecting the location of a road: route-dependent factors such as
user costs, aesthetics, and the cost of structures. The first set of
factors may be associated with the generation of aternativeswhile
the second may be associated with the evaluation of alternativesto
find an optimum route.

Both Minamikata (1984) and Nieuwenhuis (1986) developed a
raster grid cells method to evaluate road costs. Douglas and
Henderson (1988) expanded on these methods, devel oping amulti-
parameter method which used aminimum total rating to obtain the
optimum path. The criteria used were topography, land ownership
and hazards. They suggested other criteria might be used such a
location of sand and gravel, water and railway crossings.

The available database for the present study is derived from a
variety of sourcesincluding satellite (supervised imagery), computer
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data bases, map data, statistical data and personal interviews. The
map data available includes a mineral potential map (Azis, et a.
1972), land use zones map (Wall 1976), biophysical map of aportion
of theregion, fishing lodges and outcamps map (Indian and Northern
Affairs 1984), topography map (Walton 1988) and surficial deposit
map. Each of these sources is input as raw data into the model.
Theraw databaseisreclassified into threemajor categories, namely:
engineering, environmental, and social; and various subcategories/
classes according to criteria set out in the optimum path/corridor
for theroad model. The economic criteriain thismodel are meant
to examine the route of least conflict, although this may not bethe
least expensive route. The following is a brief description of the
major categories and subcategories, aong with their scores of the
data base selected for the all-weather model;

1. Engineering criteriaconsists of:

- Thepercentage slopeisclassified and assigned ascore (weighted
value) of 0 valueto regionsof 0 - 10% slope, 5 valueto 10% to
20% slope, and 10 value to 20 and up slope.

- Surface deposits are classified and assigned score of 10 for no
deposits, 5 for potential depositsand 0 for commercial deposits.

- Hazardswill formthethird overlay based on existing barriersto
road development. Water bodies or thick forest cover are
classified and assigned a score of O for no barrier, 5 for partial,
and 10 for complete cover barrier.

2. Environmenta criteriaconsists of:

- Theeast side of Lake Winnipeg offers an opportunity to look at
environmental factors which might be affected by the
development of a road into a remote area. For example, a
wilderness park affords some protection to the region.

- Land use zones are classified and assigned a score of O for land
readily traversed by aroad, whileascore of 10 representsregions
which should beleft alone.

- Natural lake use zones are classified and assigned a score of 0
for a diverse biophysical zone and a score of 10 for a
homogeneous zone.

3. Socid criteriaconsists of:

- Lodges/fishing camps classified into and assigned a score of O
for within 1.00 km buffer, 10 for > 1.00 km away from business
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location. Fishingisaprimary livelihood and isaffected by aroad
development. While abuffer zone of 1.00 km is recommended
around afishing camp to protect thefishery, freezer plant locations
should be placed close to the newly developed road (Manitoba
Hydro 1989).

- Communities/residential areasareclassified into and assigned a
score of O for within 1.00 km buffer, and 10 for >1.0 km outside
communities. They may provide the destination points for the
road. In certain instancesit is not desirable to be linked to the
south, but regionally integrated (Chorley et al. 1967).

- Existing and potential mine sites are classified into weighted
values of O for within 1.00 km and 10 for 1.00 km outside a
mining area. The road may be able to link areas of potential
mining to the region (Romanowski 1986).

The IDRISI software package (Clark University 1987) was
used to process the above overlays as well as for importing and
converting vector datainto raster formats. Asaraster based system
it provides map overlays easily aswell as execution of the model.

The Geography Information Model is designed to incorporate
themajority of thefactorslisted aboveinto aroute selection model
for the east side of LakeWinnipeg. Thegoal of themodel istofind
the optimum all-weather road route, bearing in mind all the related
engineering, environmental, and socia concerns (Eastman et al.
1993). From the engineering perspective, the most suitablelocation
for al-weather roadsis associated with no barrierswhile unsuitable
is associated with barrier areas. To meet the environmental and
social concerns, al-weather road routes are protected with abuffer
zone of 1.00 km within the engineering suitable area. The total
index factor isused to narrow down the suitable corridor for building
all-wesather roads. Land withthelowest index valueisrecommended
for building. All of theindividual layers, inthisinstance, aretreated
as equivaents (Barry, et al. 1985). It isaso possible to set up a
participatory setting where individualsinvolved can be assigned a
relative importance factor. These factors are then weighted
according to the results of the participatory group (Arnoff 1989).

Douglas and Henderson's (1988) work created a least cost
road suitability map equation based on each grid cell — having a
total grid cell valuefrom 0 - 100. The sameresults can be obtained
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using an IDRISI Cost module based on creating a cost surface in
relationto asourcepoint or cell, and identifying the current endpoint
for theroad just north of Hollow Water (see Figure 2). Thisseemed
an appropriate starting point asenvironmental damage has occurred
by development of alogging road.

“The Cost M odul e generates adistance/proximity surfacewhere
distance is measured as the least effort in moving over afriction
surface. Theunit of measureis’ grid cell equivalents (gce)” (IDRISI
1996, p. 38). The COSTGROW option was used to deal with
complex surfaces of the study region.

The Pathway Module (together with the cost surface module)
isused to producetheleast cost optimal road. Thismodulerequires
the destination target cells be indicated as points or lines on an
image. A road network cannot be created without repeating the
procedure anumber of times, becauseit simply findsasingle least
cost path to one target. The procedure must be used several times
with individual targets to arrive at optimum paths to a number of
locations. Thewidth of the path is one grid cell.

Results

Using the Pathway M odul e a path was created from the source
point north of Hollow Water to Hollow Water. It was found to be
extremely closeto theroad created by alumber company. A second
cost surface map was created with Little Grand Rapids asthe source
point using the same suitability map. The cost surface was input
into the Pathway Module to derive the least cost path to Poplar
Point. It was used asecond time using the pathway from the source
point north of Hollow Water to Poplar River. Figure 2 shows the
final map representing a possible road network.

Theresulting road network map takes a path close to the edge
of Lake Winnipeg to link native communities. Thelink to Little
Grand Rapids and Pauguassi seems to avoid the park lands and
does not cross through caribou calving areas. The actual road
corridor would come later after further intensive investigation by
the local authority of the region as recommended by Simpson and
McKecknie (1987). However, the initial process can involve al
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partiesinthe processof social and environmental assessment prior
to ground evaluation.

Conclusion

Inthisstudy, aholistic approach to modelling asuitable corridor
for all-weather road development was explored. It incorporated
engineering, environmental and social aspects of theregion. This
type of model can take into account competing interests for a
particular parcel of land.

Each portion of the development on the east side of Lake
Winnipeg has multiple effects both direct and indirect. they are
also cumulative in nature (Canadian Environmental Assessment
Research Council 1987 and 1988). Recently the cumulative effects
associated with complex devel opments have been recognized asa
major challenge. Many of them can cause irreversible social,
economic, and environmental effects. To assess such effects we
must adopt a more comprehensive holistic approach to the
environment. Each activity can not operate independently of the
other. Predictive/simulation models similar to the present study can
assist in achieving the most suitable devel opment.

Thetools of GIS and Remote Sensing are playing an integral
role in this type of modelling, both in a predictive and historical
perspective. Thistype of informationwill allow for the evaluation
and prediction of change.

The east side of Lake Winnipeg holds the promise of some
development. If developments such asmulti-use corridorsand roads
are properly planned they will haveapositiveimpact. Themodel is
used to create the most suitabl e path between two points or a point
and aroad. Further work needs to be carried out to create a road
network module which could form an extension of the Pathway
module. Thisisalimitation of the current IDRISI program models,
because they cannot handle the creation of a network. IDRISI
also haslimited capability in handling theinput of routesthrough a
region and determining optimum paths. However, the model can
input environmental assessment audits. In fact, it may bein this
way that one can further improvethe overall model’s effectiveness
in planning road corridors.
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Indicator species analysis: an alternative
approach to ecosystems geography

Dion J. Wiseman, Brandon University
Susan M. Berta, Indiana State University

Abstract: Ecosystems geography, or ecogeographic analysis, isthe study
of the distribution, pattern, structure, and identification of ecosystem
boundaries at different levels of detail. Ecological regionalization
frameworks are becoming increasingly popular as a logical means of
gpatially organizing the landscapefor the conservation of natural resources,
management of the environment, and analysis of spatially distributed
ecological phenomena.

The objective of thisresearch wasto utilize the cartographic modeling,
image analysis, and processing capabilities of geographic information
systems (Gl S) and remote sensing to conduct and ecogeographic analysis
of the state of Indiana utilizing readily available ecological data. The
purpose id to demonstrate the use of these technologies in the field of
ecosystems geography and compare the resulting regionalization schemes
with those developed through traditional methods of ecological
regionalization; specifically those of Lindsey (1969) and Homoya et al.
(1985).

Two aternative methods of ecogeographic analysis, referred to as
indicator speciesanalysisand multivariate cluster analysis, were eval uated.
This paper focuses on the application of indicator species analysis, the
calculation of an indicator species diversity index, and generation of an
indicator species diversity surface in order to delineate ecological
boundaries and convey information regarding the the breadth and
magnitude of change between adjacent ecosystems. It is suggested that
such methodol ogies may provide resource managers and researcherswith
a means of defining regionalization frameworks for the management,
conservation, and analysis of spatially distributed ecological phenomena
that aretailored to the specific management or research initiative at hand.
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Introduction

Anincreasingly popular application of regiona systemsistheir
use as a tool for the conservation, management, and analysis of
spatially distributed ecological phenomena. Traditionally,
government and private concerns have utilised political unitsas a
template for the management, administration, and analysis of the
environment and natural resources. Whereas this may be
appropriate for infrastructures established within this context, it is
surely an illogical approach for the management of naturally
occurring systems. Recently, there has been an increasing
awareness and interest in the distribution, pattern, structure, and
identification of ecosystem boundaries at different scales of
analysis, commonly referred to as ecosystems geography or
ecogeographic analysis (Bailey 1996). Many government agencies
have begun to develop management strategies based on the
regionalization of natural areas or ecosystems for management,
assessment, and reporting (Gallant et al. 1989).

Thedelineation of ecological regionsis susceptibleto common
problems associated with the regionalization process. The
boundaries of regionsare often assumed to have determinablelimits
where the characteristics of one region are suddenly replaced by
those of an adjacent region. However, few anthropogenic and likely
fewer natural regions have hard boundaries. More often, the
distinguishing characteristics of adjacent regionsgradually change
from oneregion to the next and specific values are chosen to define
the boundaries between regions. These intermediate areas or
transition zones are referred to as ecotones. An ecotone may be
defined as the intersection between adjacent ecological systems
having a unique set of biotic and abiotic characteristics described
in terms of space, time, and the strength of interaction between
adjacent ecological systems (Holland 1988). The delineation of
hard boundaries, however, fails to express the breadth and
magnitude of change between adjacent regions. Further, landscape
boundaries defined in this manner do not indicate the strength of
interaction between adjacent ecosystems and potentially valuable
information is lost.
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Existing ecol ogical regionalization schemes(e.g. Bailey 1976;
Omernik 1987) developed for specific applications are likely
inappropriate for the variety of conservation, management, and
analysis initiatives currently under consideration; particularly at
regional or finer scalesof analysis. Current ecogeographic literature
supports the development of hierarchical, multipurpose
regionalization schemes utilising the gestalt, map overlay, or
controlling factors methods (Bailey 1996). These methods result
in regionalization schemes that are intended to satisfy a variety of
applications at various scales of ecological analysis. However,
these approaches are essentially a form of manual cartographic
analysis and tend to be labour intensive, inherently subjective, and
impossible to replicate. Provincial, State, and local ecological
regionalization schemes are often based on the expertise of key
individuals having an intimate knowledge of the local ecology; an
admittedly effective technique but highly subjective and lacking
any structured methodol ogy.

It is proposed that alternative methods of ecogeographic
analysis utilising the cartographic modelling and image analysis
capabilities of geographic information systems (GIS), remote
sensing, and readily available ecological data may provide
comparable results in a structured, efficient, and cost effective
manner. Such methodologies would provide resource managers
and researcherswith ameans of devel oping custom or user defined
ecological regionalization schemes tailored to the specific
management issue or research initiative at hand.

The objective of this research was to use the cartographic
modelling, image analysis, and processing capabilities of GISand
remote sensing to conduct an ecogeographic analysis of the state
of Indianausing readily available ecological criteria. The purpose
was to demonstrate the use of these technologies in the field of
ecosystems geography and compare the resulting regionalization
schemes with existing natural divisions of the state developed
through traditional methods of ecological regionalization;
specifically those of Lindsey et a. (1969) and Homoyaet al. (1985).
Further, an alternative approach to the delineation and cartographic
presentation of ecosystem boundariesis presented which provides
a means of conveying information concerning the breadth and
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magnitude of change between adjacent ecol ogical systemsthrough
the generation of an ecological surface.

Two alternative methods of ecologica regionalization were
examined. One was based on the spatial distribution of biotic
criteriaand referred to as indicator species analysis; and the other
based on the distribution of a selection of abiotic components of
the environment and incorporating multivariate cluster analysis.
This paper describes the methods and results of indicator species
analysis.

Methodology

Indicator Species Analysis:

Thismethod of ecological regionalization identifiesboundaries
through the devel opment of broad vegetative regions based on the
distribution of indicator species (Livingston 1903; Clements 1905;
Curtis 1959; Dix and Smeins 1967). Indicator species are defined
here as those species that reach the extent of their geographic
distribution within the state of Indianaand, consequently, the limit
of their geographi c range represents apotential landscape boundary.
Indicator species analysis was originally proposed by Livingston
(1903) and Clements (1905) and was used by Curtis (1959) to
identify floristic provinces in Wisconsin. The premise of this
approach is that the distribution of species typical of a particular
ecological region is a more useful indicator for determining
ecological boundaries than the distribution of rare species. An
assumption of this approach is that ecoregion boundaries or
ecotones represent a zone of maximum regional indicator species
diversity. In other words, ecotones are areas where a number of
indicator species representative of adjacent ecoregions overlap.
Curtis used distribution maps for 180 species to identify the zone
of maximum regional indicator species diversity, or ecotone,
between two floristic provinces in Wisconsin.

GI S Development:

A GIS vector coverage was created in Arc/Info depicting the
total number of indicator species, number of indicator species
representing each ecological system, and number of ecological
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systems occurring in each county for the state of Indiana. These
data were recorded as point attributes located at the geographic
centre of each county.

Indicator specieswere selected with reference to Parker (1936)
and Freisner (1937). These authors have identifed over 150 trees,
shrubs, herbs, flowering plants, ferns, and aquatic speciesthat reach
thelimitsof their range within the state of Indiana. Theseindicator
species are representative of five broad ecological regions: 1)
Northern Coniferous Forest; 2) Tall Grass Prairie; 3) Atlantic
Coastal Plain; 4) Appalachian Plateau; and 5) Gulf Coastal Plain.
Thegeographic distribution of 120 indicator specieswas determined
using Deam’s Trees of Indiana (1921) and Flora of Indiana (1970)
aswell ascurrent distribution maps of thetreesof Indianadevel oped
by Jackson (1997).

Ecological boundaries were identified by mapping the
distribution of indicator species representative of each of the five
ecological systems occurring in the state. Boundaries were
determined by generating isolines depicting the distribution of
Atlantic, Appalachian, Northern, Prairie, and Southern species.
I sarithmic mapswere generated by first interpolating alatticefrom
the county based points coverage based on the number of species
within each system occurring in that county. Three interpolation
methods available within Arc/Info were considered: 1) kriging; 2)
trend surface analysis, and 3) inverse distance weighting (IDW).
Of the three, only the IDW method provided reasonable results
and allowed the resulting | attice to be extrapol ated beyond the extent
of the input points coverage to the edge of the state boundary.
Kriging provided reasonable results but did not allow for
extrapolation and trend surface analysis resulted in unacceptable
results since there was | ess than a critical number of pointsin the
input coverage.

Isolines were then generated using the Arc lattice-contour
function. Figure 1 illustrates the resulting isolines draped over a
choropleth map showing relative indicator species abundance;
similar mapswere generated for each of thefive ecological systems
considered. Thedistribution of ecological systemswas defined by
the isoline representing one third of the total number of indicator
speciesoccurring inthat system. It was reasoned that areas having
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Figure 1. Isolines draped over choropleth map showing relative
indicator species abundance for Appalachian ecosystem.
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one third or more indicator species could be confidently included
within a particular ecosystem and that areas with less than this
proportion of indicator species represented transitional zones
between adjacent ecosystems.

An indicator species diversity surface (ISDS) was then
generated by developing a measure of indicator species diversity
referred to as the indicator species diversity index (ISDI). This
index is a function of the number of systems represented, total
number of indicator species, and variability of the number of species
occurring within each ecological system.

ISDI = EEXTIS xV
SDIS+TIS
where:
ES = number of ecological systemsin that county,
TIS = total number of indicator speciesin that county,
SDIS = standard deviation of indicator species from each
ecological system occurring in that county.
V = ascaling factor, in this case 10.

Thisindex operates such that acounty having an equal number
of indicator species within three different ecological systems will
have a higher index value than a county with amajority of species
occurring in one ecol ogical system and only afew inthe other two.
For example, consider acounty with 5 indicator species occurring
in each of 3 different ecological systems; the ISDI for this county
is9. If the same county had 3 indicator species occurring in two
systems and 9 in the other, the ISDI would be 7.3. Finally, if 13
indicator species occurred in one ecological system, and only one
in each of the other two, the ISDI would be 6.2. If only one
ecological systems is represented the 1SDI will always be 1,
regardless of the number of indicator species present. This
eliminates any sensitivity to the number of indicator species
recorded in each county or within each ecological system.

ThelSDSwasthen constructed by interpolating asurface based
on the ISDI calculated for each county using the Arc/Info IDW
function. This surface portrays the spatial distribution and
ecological diversity of thesefive ecosystemswithin the state based
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Figure2: Natural regions of Indiana (Lindsay et al. 1969).
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Figure 3: Natural regions of Indiana (Homoya et al. 1985).
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on the number of indicator species occurring within each system.
The ecosystem boundaries previoudy constructed were then draped
over this ISDS. The intent is to cartographically depict the
distribution of these ecosystems and also convey additional
information concerning the diversity within and between each
ecological system.

Results and Discussion of Indicator Species Analysis

The distribution and location of the regions discussed in the
following text refer to the natural divisionsof Lindsey et al. (1969)
(figure 2) and natural regions of Homoya et al. (1985) (figure 3).
Numbers and roman numerals in parentheses following division,
region, and section names refer to the corresponding labels on
figures 2 and 3. The performance of indicator species analysis
was assessed by comparing the resultswith existing regionaization
schemes devel oped through traditional methods of ecogeographic
analysis. Consequently, somediscussion of the ecological character
of these regions is required, however, the reader is referred to
Lindsey et a. (1969) and Homoya et a. (1985) for a thorough
discussion of the ecological characteristics of the natural divisions
and natural areas of Indiana.

Interpretation of Indicator Species Diversity Surface:

The resulting ecological regionalization scheme based on the
distribution of indicator species is presented in figure 4. As
indicated earlier, the distribution of each of the five ecological
systems considered was determined by identifying the isoline
representing one third of the total number of indicator species
included in each ecosystem. These ecological boundaries have
been draped over the resulting 1SDS and the boundaries and core
areas have been labeled accordingly.

The ISDSindicatesthat the highest indicator species diversity
values occur in the northwestern portion of the state, primarily
within the Northwestern Morainal (1) natural region, and in the
south central Shawnee Hills (8) and Highland Rim (9) natural
regions. Theseareareaswith 2510 60 indicator speciesrepresenting
2 or 3 of the five ecological systems considered and with ISDS
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Figure 4: Resulting ecological regionalization scheme based on the

distribution of indicator species.
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values greater than 200. In the northwest, Atlantic, Northern, and
Prairie indicator species occur in abundance, while in the south-
central region there are significant numbers of Appalachian and
Southern species which result in these high 1SDS values. 1SDS
values of 65 to 200 occur in areas with 5 to 24 indicator species
representing one or two of thefive ecological systems. For example,
higher ISDSvalues occur in the southwest corner of the statewhere
the Southern and Atlantic ecosystems overlap within the
Southwestern Lowlands (6) and Southern Bottomlands (7) natural
regions.

ISDS values less than 65 occur in areas where only one
ecological system is represented or in areas where less than one
third of the indicator species in all systems occur. In the west
central portion of the state, within and adjacent tothe Prairie system,
ISDS values range between 30 and 65. In this area a significant
but less than critical number of indicator species from each
ecological system occur.Figure 4 here. The lowest 1SDS values
occur in the east central portion of the state where few if any
indicator species representative of these ecological systems are
present. This simply suggests that none of the five ecological
systems considered isrepresented in this areaand does not suggest
that thereisan overal lack of biodiversity; only alack of diversity
with regard to the indicator species selected from the ecological
systems considered.

Thisarearoughly coincides with the Central Till Plain (4) and
Black Swamp (5) natural regions and may be characterised by the
occurrence of intraneous species having state-wide distributions.
In Indiana, species such as white oak (Quercus alba), box elder
(Acer negundo), butternut hickory (Carya cordiformis), shagbark
hickory (Carya ovata), walnut (Juglans nigra), American elm
(Ulmus americana), beech (Fagus grandifolia), black cherry
(Prunus seratina), and sugar maple (Acer saccharum) occur state-
wide and are of little value for the identification of ecological
boundariesthrough indicator speciesanalysis. Based ontheresults
of these analyses, this area represents a broad transition zone
between the southern third of the state, which is dominated by the
Appalachian and Southern ecosystems, and the northern third of
the state, which is dominated by Atlantic, Northern, and Prairie
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ecosystems. Thus, relativeto the distribution of thefive ecological
systems considered here, this areais unclassified and represents a
broad ecotone, although in reality it may be included within the
Eastern Broadleaf Forest system which incorporates the majority
of the state at a coarser scale of ecogeographic analysis.

It was suggested earlier that ecotones represent regions of
maximum indicator species diversity, where speciesfrom adjacent
ecological systems overlap. However, unlike the results obtained
by Curtis (1959) in Wisconsin, where two floristic regions
overlapped within arelatively narrow transition zone, in the case
of Indiana several of the ecological systems considered overlap
over much of their distribution within the state. For example, the
Atlantic, Northern, and Prairie systems share asimilar distribution
over the northern third of the state, with the exception of the south-
western extension of the Prairie system. Consequently, athough
themaximum regional indicator speciesdiversity does, infact, occur
within theregion of overlap between these systems, itisnot possible
to identify this as an ecological transition zone at this scale of
analysis. Since these five ecological systems represent broad
continental scale biomes it may not be possible to identify the
ecological transition zones between them within the state of Indiana
aone. Similarly, the Appalachian and Southern systems share
similar distributionsin the southern third of the state and likewise
aregion of maximum indicator species diversity occurswithin the
area of overlap between these systems. This area may represent a
portion of the ecotone between these systems within the state of
Indiana but it is not possible to confirm this assumption at this
scale of analysis.

The distribution of indicator species representative of these
northern and southern ecosystems does not conveniently intersect
somewhere in the middle of the state. Instead, we find a large
region of low indicator speciesdiversity characterised by intraneous
species. It is possible that the addition of other indicator species
or inclusion of an additional ecological system occurring within
this area may alter the range of the five ecological systems
considered and therefore the character of the ISDS. Alternatively,
future research may attempt to include intraneous speciesin some
manner such that we are able to account for regions that are
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otherwise undefined by the distribution of indicator species
representative of the ecological systems considered.

Distribution of Ecological Systems:

Inrelation to thetraditional statelevel regionalization schemes
of Lindsey (1969) and Homoya et al. (1985) the distribution of
theseecological systemsisat amuch coarser level of ecogeographic
analysisand subsequently incorporatesanumber of theunique areas
defined within these regionalization schemes. The Atlantic,
Northern, and Prairie systems in the north occupy the majority of
the Northwest Morainal (1), Grand Prairie (2), and Northern Lakes
(3) natural regions of Homoya. Thesein turn correspond with the
Northeastern Moraine and Kettle (V1), Northwestern Prairie and
Wetland (VI1), and Lake Michigan Dunes and Lake Plains (VII1)
natural divisionsof Lindsey. Theseregionsfall withinthe Northern
Moraine and Lake physiographic region characterised by
intermittent lacustrine and outwash plain sediments over a vast
area of till and end moraines.

The Appalachian and Southern systems in the south include
Homoyas Soutwestern Lowlands (6), Southern Bottomlands (7),
Shawnee Hills (8), Highland Rim (9), and Bluegrass (10) natural
regions or Lindseys Lower Wabash (1), Southwestern Lowlands
(1), South Central Oak and Mixed Woods (I11), and Southeastern
Till Plain Divisions (1V). The northern extent of the Southern and
Appalachian systems corresponds well with the southern limits of
Wisconsin and Illinoian glaciation respectively.

The southern extension of the Prairie system into the
Southwestern Lowlands (6) natural areais identified by Homoya
and is associated with edaphic factors affecting soil moisture
capacity. Theunclassified east central region of the state coincides
with Homoyas Central Till Plain (4) and Black Swamp (5) natural
regions and Lindseys Tipton Till Plain Beech-Maple (V) division.

Conclusions

It appears that the use of indicator species as described here
may provide a useful alternative to traditional methods of
ecogeographic analysiswhen theidentity and distribution of species
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representative of the desired ecological systems is known in
advance. It is likely that a more comprehensive regionalization
scheme would be provided if every ecological system occurring
within the study area at the given scale of ecogeographic analysis
were considered. Further, it appears that a consideration of the
scale of ecogeographic analysis as compared to the geographic
extent of the study areaiscrucia. For example, theregionalization
of continental scale biomes within a comparatively small study
area, such as the state of Indiana, may provide results difficult to
interpret due to the limited scope of the study area. Provided that
the data are available it is recommended that the scale of
ecogeographic analysisisat least one order higher than that of the
study area considered. It should also be noted that thisindex only
providesameasure of diversity with regard to the ecological systems
considered and is not an indication of overall biodiversity.

Indicator speciesanalysis, the | SDI and resulting |SDS provide
a useful method of identifying and conveying information
concerning the character of the resulting ecological regionalization
scheme. In addition, they provide a means of identifying areas of
exceptionally high or low indicator speciesdiversity and, therefore,
communicate information regarding the breadth and strength of
interaction between adjacent ecological systems.
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Change in the size and functions of Regina’s central
business district, 1964-1997

Bernard D. Thraves, University of Regina
Ginette Barriault, University of Regina

Abstract: The paper employs Murphy and Vance's CBD delimitation
method to map changein the extent of Regina’s CBD. Analysis suggests
that the CBD expanded by 25 percent over the study period and became
relatively more efficient in serving the needs of city. Most growth can be
attributed to office and government functions. Considerable vertical
stacking of these functions has taken place in the CBD’s core which is
now dominated by large office towers. Decline of the CBD’s retailing
function has been linked to the development of large suburban shopping
malls and warehouse-style stores. In contrast, tax exemption policies are
indicated as afactor in the recent expansion of residential land usein the
CBD. Speculation suggests that the CBD’s size and dominant functions
will not alter radically over the next several decades. Theroleof planning
in regulating the location and form of land use in the CBD is stressed.

Explaining Urban Development

In the North American city change in the form and function of
urban areasreflects the interplay of development forces and urban
planning. Changetakes placewithin apredominantly freeenterprise
economic system in which development is both facilitated and
constrained by prescribed planning processes, and by attendant
land-use and zoning regulations. In this manner the precise form
and function of development at any onelocation isjudged to reflect
the interests of both the devel opment sector and the community at
large. Typicaly, it is the central business district (CBD) and
suburban fringe environments of the city which experience the most
rapid change, and it is in these areas that development issues are
most encountered. This paper outlines change in the form and
functions of Regina’s CBD between 1964 and 1997. The
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relationship between change in CBD functions and the growth of
commercia activities in the suburbs is examined. An attempt is
then made to assessthelikely course of future developmentsin the
CBD.

Delimiting the CBD

Before examining change in the functions of Regina’s CBD it
is first necessary to determine its geographical extent. The most
widely accepted method of delimiting CBDsisprovided by Murphy
and Vance (1954). The method employs four steps. First,
characteristic CBD functionsareidentified. Theseincluderetailing,
office and financial services and the accommodation sector, but
not manufacturing and wholesaling activities, or government
services and residential land use. Second, the floor area devoted
to CBD functions is measured for al floorsin each building on a
block by block basis. Third, the intensity of CBD functions for
each block is expressed in the form of two indices, the centra
business height index (CBHI) and the central business intensity
index (CBII).

The CBHI indicates the extent to which CBD functions are
vertically concentrated within each block. For each block, the CBHI
is determined by dividing the cumulative floor area in CBD
functions on all floors of each building by the total ground floor
area of the block. A CBHI of 1.0 indicates that CBD functions
cover an areaeguiva ent to the entire ground floor areaof the block.
Indices greater than 1.0 signify varying intensities of vertical
concentration or stacking of CBD functions. The central business
intensity index (CBII) measures the floor area occupied by CBD
functions in relation to total floor area. It too is determined by
simpledivision of thetwo measurements. Thisindex indicatesthe
relative dominance of CBD functionsin ablock, with the value of
0.5 being selected as an indication of dominance. Finally, thetwo
indices are used in combination to delimit the CBD. Essentially,
the CBD is identified as an area of contiguous blocks in each of
which the minimum values of the CBHI and CBII are 1.0 and 0.5
respectively. Other studies have refined these criteria to identify
the core of the CBD (Horwood and Boyce 1959; Davies 1960). In
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this study identification of the CBD corefollowsthe criteriaset by
Davies who judged that a CBHI of 4.0 and a CBII of 0.8 delimits
its extent.

Delimiting Regina’s CBD

The above mentioned criteria have been applied at widely
separate dates to delimit Regina’'s CBD (Wright 1964; Barriault
1993). Both studies modified Murphy and Vance'soriginal criteria
to include government or public administration as a characteristic
function of the CBD. Therational for including this function was
based on the knowledge that the CBDs of large Canadian citiesare
frequently the focus of considerable public sector employment.
Arguably the provision of government services draws people into
the CBD and thereby adds to the potential for retail and other
businesses to benefit from persons making multi-purpose trips.
Government employees themselves add to the demand for non-
government servicesinthe CBD. Beyond this, the construction of
buildings to house government services can act as an important
element, or even catalyst, in the expansion and renewal of the CBD.
In the case of Regina, these factors are made evident by the city’s
role as a provincial capital and regional centre for federal
government departments.

In delimiting Regina s CBD each of the aforementioned studies
identified the peak value land intersection (PVLI) and then
proceeded to measure the CBHI and CBII indices for each block
within adesignated study area(Figure 1). Thelatter wasidentified
as being bounded by Saskatchewan Drive in the north, College
Avenue in the south, Halifax Street in the east, and Rae Street in
the west. It should be noted that neither study included the narrow
strip of land located between Saskatchewan Drive and the mainline
of the Canadian Pacific Railway (CPR). By 1997, that part of the
study area to the north of 13" Avenue was clearly dominated by
office and retailing functions. The city’s business community
promotes this area as Regina's Market Square. An overlapping
arealocated south of VictoriaAvenue and extending between Albert
Street and Broad Street is identified for purposes of local
administration as the Transition Area. The Transition Area has
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Figure 1: Location of study area and Regina’s major suburban
shopping malls.

traditionally served as a residential neighbourhood, but in recent
decades many of its house form structures have been replaced by
office blocks and multi-unit condominium devel opments, or have
been converted into offices providing professional services. Of al
areas adjacent to the CBD, it best fits the description of zone in
assimilation.

The results of the delimitation method are shown in Figures 2
and 3. In 1964 the PVLI was identified at the junction of 11™
Avenue and Hamilton Street. Adjoining thislocation the CBD was
confined to a27-block areaentirely within the areanow designated
as Regina's Market Square. Importantly, the extent of the CBD
was somewhat exaggerated insofar as the 1964 study only
considered the Victoria Avenue frontages of blocks 365 to 369,
and thereby caused their CBHI and CBI | valuesto beinflated. The
northern boundary of the CBD coincided with the study area
boundary along Saskatchewan Drive. Northward expansion beyond
Saskatchewan Drive was effectively halted by the presence of the
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CPR mainline. In all other directions expansion of the CBD was
determined by the interplay of market forces and planning
regulations rather than by physical barriers. Within the eastern
half of the CBD an 11-block core area was identified anchored
around the PVLI. It should be noted, however, that the criteriafor
core areadelimitation used by Wright (1964) wereless demanding
than those suggested by Davies (1960) and later adopted by
Barriualt (1993). Had Wright employed the more stringent criteria,
no block would have qualified for inclusionin acorearea, asituation
which would obviously have been unrealistic.

Between 1964-1993 the street and block pattern of the CBD
changed slightly, first in the mid 1970s to accommodate the
pedestrianisation of Scarth Street between 11" Avenue and 12
Avenue, and then in 1981 to facilitate devel opment of the Cornwall
Centre shopping mall. Thelatter devel opment required the closing
of Cornwall Street and Scarth Street between Saskatchewan Drive
and 11th Avenue. More recently in the early 1990s, the Scarth
Street Mall was subject to a series of improvements aimed at
enhancing its appeal as a retailing environment. These
improvements included the renovation of store frontages, the
construction of aclimate-controlled walkway linking the frontages
of each store, and completion of a streetscaping programme.

By 1993 the PVLI had shifted one block west to the junction
of 11" Avenue and Scarth Street. At the same time the CBD had
expanded to encompass 35 city blocks, a25 percent increase. This
expansion was largely confined to blocksin the south of the study
area and represented expansion of the CBD into the Transition
Area. Again, Regina's inability to implement a rail relocation
programme meant that the northern boundary of the CBD remained
fixed, perhaps permanently. Somewhat paradoxically, whilst the
area of the CBD expanded between 1964-1993, the area of the
core decreased marginally and was confined to acompact 10-block
area extending between the Cornwall Centre and the junction of
VictoriaAvenue and Broad Street. Thissaid, it must be emphasised
that the 1993 delimitation employed more stringent criteria in
identifying the core area, and further, that a reasonable case for
including Blocks 363, 366 and 409 can be made on the basis of
their high indices and proximity to other blocksin the core.
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Figure6: Miew of Regina’s CBD from the south.

Beyond Delimitation

Simple delimitation of the CBD and core areas masks the true
scale of change that has taken place in Regina’'s CBD since 1964.
A morerealisticimpression of theincreased concentration of CBD
functionsis provided by an examination of CBHI and CBII indices
(Figures4 and 5). If blocks 365 to 369 are excluded from analysis
because of the method by which their 1964 indices were inflated,
then all blocksidentifiedinthe CBD in 1964 registered an increase
intheir CBHI by 1993. In 1964 the maximum CBHI wasjust 3.3
(Block 305) and most blocks in the CBD had CBHIs of less than
1.5. In contrast, by 1993 the maximum CBHI had increased to
13.5 (Block 341), twelve blocks each had indices greater than 4.0,
and only three blocks had indices of less than 1.5.

Similarly in 1964, with the exception of the part block occupied
by Hotel Saskatchewan (block 367), no block had a CBII of 1.0.
Also, only ten blocks had indices greater that 0.8. This situation
contrasts with that observed in 1993. By then, eight blocks had
CBllIsof 1.0 and afurther 21 blocks registered indicesin excess of
0.8. Quiteclearly by 1993 themajor changeinthelimitsof Regina's
CBD had occurred in the vertical rather than the horizontal
dimension, and in the concentration rather than dispersal of CBD
functions. Visible expression of these changesisnow observed in
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Table 1: Major real estate developmentsin Regina’s CBD, 1964-1997.

Building Floor Area Date of Principal
Block No. Square Fee  Construction Function
308  Bank of Canada 32,364 1964 Office
345  Avord Tower 37,339 1965 Office
348 Regina Inn 147,441 1966 Hotel/Retail/Office
372 Saskatchewan Wheat Pool Building 72,000 1967 Office
345 TD Bank Building 58,560 1973 Office
371 Credit Union Central Phase I 94,155 1975 Office
347  Sands Hotel 79,471 1976 Hotel
364  London Life Place 25,849 1976 Office
347  Chatean Tower 46,243 1977 Office
343 Queen Elizabeth II Court (City Hall) 66,264 1978 Office
283  SGI Tower 53,267 1979 Office
285  Royal Bank Tower 54,426 1979 Office
363  South Broad Plaza 72,195 1979 Office
308  Sask. Telecommunications 194,190 1952/1972/1979 Office
285 Sask Tel 185,744 1980 Office
286 2001 Cornwall 55,311 1980 Residential/Office
307 Bank of Montreal Building 53,215 1980 Office
342 North Canadian Oil 24,708 1980 Office
284 Comwall Centre 540,688 1981 Retail
346 Sask. Energy Tower 25,364 1981 Office
305  Canada Trust Tower 99,098 1983 Office
307  McCullum Hill Centre Phase I 180,956 1984 Office
312 Sask. Place 99,972 1985 Office
310 Trianon Tower 24,350 1987 Residential
286  Ramada Plaza Hotel 139,833 1988 Hotel/Office
286  Galleria Shopping Centre 158,746 1989 Retail/Office
286  Scotia Tower 36,836 1989 Office
363 Wascana Energy 86,786 1989 Office
306  McCullum Hill Centre Phase II 180,956 1991 Office
306  CIBC Tower (new) 203,653 1991 Office
341 Sherwood Credit Union Phase IT 170,646 1992 Office
345  Crown Life Place 94,640 1992 Office
409  Page Credit Union (Financial Building 5,709 1992 Office
341 CDSL Tower 188,000 1953/1992 Office
371 Credit Union Central Phase II 81,553 1993 Office
305  CIBC Tower (old) 34,759 1997 Residential
Total construction 3,705,287

the city’s skyline signature of Modernist and L ate M odernist tower
blocks (Figure 6).

The background to these changes has been the more or less
sustained program of constructioninthe CBD since 1964. Except
for a six-year period starting in the late 1960s and in the period
since 1993, one or more major construction projects have been
started in most years (Table 1). Total construction of large projects
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excluding parking lots is estimated at approximately 3.7 million
square feet, of which about 99 percent represents new construction
rather than renovation or refurbishment. Of this same total,
approximately 70 percent represents office construction.

The Functions of Regina’s CBD

Change in the concentration of CBD functions has been
accompanied by shifts in their relative importance. In 1964,
retailing wasthe most important function of the CBD and accounted
for 26.1 percent of thetotal floor area(Table 2). Taken collectively,
all CBD functions accounted for 77.9 percent of the total floor
area. By 1993 this situation had changed dramatically. Office
space now accounted for 46.5 percent of the floor areaand occupied
as much space as all other CBD functions combined. Although
expanding in absolute terms, retailing had slipped to fourth place
behind parking and hotelsin order of floor areaoccupied. Increased
functional specialisation of the CBD wasindicated insofar as 92.9
percent of thetotal floor areawas how occupied by CBD functions.

Growth of the CBD’s hotel and accommodation function over
the study period reflects promotion of the city as a centre for
business and convent travel, and more recently as a location for
casino gambling. Mgjor developments have included the Regina
Inn (block 348) and Sands Hotel (block 347) on Victoria Avenue,
both of which compliment the long-established role of Hotel
Saskatchewan (block 367). Thecity’stallest building, the Ramada
Plaza Hotel (block 286), occupies a site on the northern fringe of
the CBD and is advantageously place to serve visitors to Casino
Regina (Figure 3).

As indicated above, government services and public
administration were classified as CBD functions in the 1964 and
1993 studies. Thissector grew substantially in absolute termsover
the study period but declined in relation to the office and hotel
sectors. Nevertheless, the data presented in Table 3 amost certainly
disguise the sector’s importance to the vitality of the rea estate
marketinthe CBD. Asidefromthe provincial Crown Corporations
such as SGI (block 283) and SaskPower (block 366) which occupy
properties in their own name, several federal and provincial
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Table 2: Comparative change in the functions Regina’s CBD, 1964-
1997.

Function Floor Area % Change % Share of
Square Feet in Floor Area  Floor Area
1964 1993 1964-1993' 1964 1993
Office 946,300 8,268,225 773 15.1 46.5
Parking 1,067,200 2,574,237 141 17.1 145
Hotels 544,050 2,362,992 334 8.7 133
Retail 1,634,210 1,764,477 8 26.1 99
Government 685,900 1,551,893 126 109 87
Vacancies 445,100 523,292 18 71 29
Residential 473,500 396,418 (16) 76 22
Institutions 319,900 342,678 7 51 1.9
Wholesale 134,800 0 (100) 22 0.0

! values in parentheses denote negative change

Source: Wright (1964); Barriault (1993)

government agenciesrent spacein thelarge tower blocksthroughout
the CBD. Examplesinclude PFRA inthe CIBC Tower (block 306)
and Municipal Government in London Life Place (block 347).

Other notable changes in CBD land use have included a
substantial increase in the space devoted to parking and the total
demise of wholesaling. Except in areas south of Victoria Avenue
and west of Lorne Street much of the additional parking space has
been provided in the form of multi-storey car parks. Examples
include those built in conjunction with the Cornwall Centre (block
284) and the Ramada Plaza Hotel (block 286). The demise of
wholesaling reflects the lack of suitable space and the CBD's
relatively high rents. Its demise is not exceptional, however.
Wholesaling has never been a major function in Regina's CBD.
Traditionally most whol esaling operations have been conducted in
the Warehouse District immediately north of the CBD and CPR
mainline. Other large wholesaling operations are located in Ross
Industrial Park inthe northeast of the city where accessto road and
rail servicesis optimised.
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Recent Developments

Since Barriault’s study in 1993 the pace of new construction
in Regina’'s CBD has slowed to a virtual standstill. Despite this,
land-use functions in the CBD have continued to change. One
indication of thisisthe further decline of retailing. Between 1964
and 1993 retailing experienced relative decline. However, the
visibility and extensive pattern of vacancies revealed in a 1997
survey suggeststhat decline may now be absolute (Figure 7). Vacant
properties included ones on Hamilton Street and others in the
Galleria shopping mall, both of which are located within the area
designated by planners asthe CBD’s prime retailing environment.
The explanation for this decline is not hard to find. Despite its
dow growth compared to most large Canadian cities, Regina has
experienced considerable suburbanisation since the 1960s.
Suburbani sation has been associated with the development of large
suburban shopping malls, thefirst of which, the Golden Mile Centre,
was built in 1959 (Table 3). These malls offer the convenience of
amplefreeparking and climate-controlled shopping environments.
Asif to emphasise the declining fortunes of retailing in the CBD,
severa of the malls have undergone renovation and expansion
programmesin the 1990s. More alarming still has been the recent
development of severa stand-alone warehouse-style stores along
East VictoriaAvenueinthevicinity of VictoriaSquare Mall (Figure
1). Thisareaiswell located to serve rapidly expanding suburbsin
southeast Regina (e.g., Spruce Meadows and Windsor Park) and
the exurban communities to the east of the city (e.g., Balgonie,
White City and Pilot Butte).

In marked contrast to the declinein retailing the last two years
have witnessed renewed interest in the CBD’sresidential function.
This situation reflects a general process of societal change as
witnessed in the increasing number and diversity of small
households, some of which seek residence close to their place of
work. Perhaps moreimportantly, theinterest in’ living downtown’
appearsto bedriven by speculativeinterestsinthereal estate market.
In explanation, the sustained investment in office and hotel
construction which terminated in the early 1990s created a surplus
of rentable space, particularly in older office towers. Faced with
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Figure7: Distribution of vacant retail property in the vicinity of the
CBD’sretailing core,
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Table 3: Major suburban retailing developments, 1959-1997.

Date of Floor Area Date of Floor Area
Construction Square Feet Construetion Square
Feet

Northgate Mall 1966 239,188 Normanview Mall 1976 203,371
1977 120,224 1996 8,224
1993 6,468 Sub-total 211,595

1996 18,889

Sub-total 384,769
Golden Mile Centre 1959 64,357 Victoria Square Mall 1982 221,936
1975-1977 195,000 1996 107,597
1990-1992 11,405 Sub-total 329,533

Sub-total 270,762

Southland Mall 1975 338,226 [East Victoria Avenue

1989 3,832 Costco 1992 127,067
1995 14,106  East Landing 1994 40,993
1996 56,645 Mark’s Work Warehouse 1995 12,503
Sub-total 412,809 Peavey Mart 1996 16,200
Liquor Store 1996 13,000
Sherwood Village Mall 1980 178,000  Staples 1997 25,671
Sub-total 178,000  Home Depot 1997 103,250
Sub-total 338,684
TOTAL 2,126,152

the prospect of these buildings remaining vacant or being
demolished, the City has introduced a Downtown Residential
Incentives Policy (DRIP). Under terms of the Policy developers
are eligible to claim a five-year tax exemption on buildings and
landswhich are renovated or newly constructed for residential use.
To date only the old CIBC tower (block 305) has been renovated
for residential use, but others such asthe Western Guaranteed Trust
Building (block 285) and the Motherwell Building (block 365) are
being planned or in process of renovation.

Future Prospects

Speculating on the future condition of urban areasisrisky, and
yet the anticipation of urban futuresisfundamental to planning for
a’sustainable’ urban environment. With thisinminditispossible
to draft a scenario of future urban development in Regina for the
next several decades. Thuswith respect to future expansion of the
CBD, the most logical course of development would see further
intensification of land use in the blocks surrounding the existing
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core. Planning policy supportsthisoption. In this context the most
likely candidates for intensification are the eight blocks located to
the northwest of Victoria Park and the seven blocks immediately
south of Victoria Avenue extending between Broad Street and
Mclntyre Street. Large parts of these blocksare currently occupied
by low intensity land uses, including many street level parking
lots, and might be considered to be held specul atively in anticipation
of further expansion of the core.

Elsewhere the prospects for intensification or expansion seem
lesslikely. Further expansionwest of Angus Street ismost unlikely
in view of the substantial gentrification that is taking place in the
neighbourhood. Blocks 403 and 434 are also excluded from
consideration because of the recent completion of apartment and
condominium units on these sites. One vacant (block 426) and
several low intensity sitesexist in the Transition Area south of 13"
Avenue. However, recent developments on adjacent sites and
current zoning suggest that future development inthisareaislikely
to focus on apartment and condominium units. The most
problematic area concerns most of the blocks east of Broad Street.
Many of the business properties fronting Broad Street in the area
north of 12" Avenue are either closed or obviously ailing. Typical
business activitiesinclude pawnshops, missions catering to the poor
and inexpensive restaurants. If Reginahasazoneindiscard, itis
located here. Further east the area declines into an unattractive
patchwork of parking lots, bulldozed sitesand poor quality housing.
Currently the City plansto devel op amuch needed neighbourhood
park inseveral blocksimmediately east of Halifax Street. For these
reasons expansion of the CBD east of Broad Street remains
problematic. It is possible that the City’s commitment to
nei ghbourhood improvement in the area may attract new business
investment to the blocks fronting Broad Street, but this is still
unlikely until the supply of more attractive sites el sewhere becomes
exhausted.

With respect to land use functions in the CBD, there is no
indication to suggest that the office function will experience the
same suburbanisation that characterised the retailing sector in the
last 40 years. Several decades of computer-based office
technologies have not reduced the need or desirability for face to
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face contact in many business environments, and thereisno reason
to think that these circumstanceswill radically changein thefuture.
Today much of the physical fabric of the CBD is still "new.’
Consequently, it is likely to be many decades before the office
towers built since the 1960s become functionally obsolete.
Furthermore, whatever Regina's growth rate over the next several
decades, the city is unlikely to grow so expansively as to merit
investment in suburban business parks of the type seen in large
American cities. Onthe other hand, the range of zoning regulations
and development standards currently guiding development in the
CBD will ailmost certainly remain, and may be viewed by some to
be too restrictive. For example, developments on some sites such
asthose adjacent to heritage and residential propertieswill remain
subject to height and floor arearatio (FARS) restrictions in order
to preserve the amenities of the original structures (Figure 8). In
this case the sites most affected are Victoria Park and the heritage
properties adjacent to it along with the residential area (DR) south
of Victoria Avenue where commercial buildings, with the notable
exception of hotels, are restricted by a FAR of 2.0.

In the case of retailing, it is difficult to imagine a set of
circumstances under which it will revive in the CBD. The
essentially laissez faire environment in which suburban retailing
has prospered in response to the wider pattern of suburban growth
is unlikely to change. In Regina, much urban planning is
synonymous with facilitating expansive suburban development
whether residential or commercial, rather than with limiting growth.
Insuburbiaat least, the devel opment sector appearsto largely dictate
the pattern and pace of development, and there is little or no
expression of adesire or need to changethisarrangement. Arguably
then, suburbia will continue to expand. Currently, Regina's
population isnot large enough to support department storesin both
the CBD and suburban areas. Thus Eatons, Sears and the Bay are
each located in the CBD but have not established outlets in the
suburban malls. However, inview of theincreasing suburbanisation
of the city’s population it is evident that these stores are becoming
increasingly distanced from much of their market. Consequently,
it may not be long before one or more of the stores is obliged to
relocate to the suburbs in order to prevent further slippage of its
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Figure 8: Heritage properties and maximum permitted floor area
ratios (FARS) in Regina’'s CBD.
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market share. If this happens, the others may follow with the
consequence that retailing in the CBD will be relegated to aminor
status. More hopefully, the growth of aresidential population in
the CBD may help to stabilise the retailing sector.

The Role of Planning

Finally, the role of planning in facilitating and guiding
development must be considered. Changeinthesizeand functions
of Regina's CBD has not been achieved without significant input
in terms of formal planning. Over the study period this input has
been registered in the form devel opment plans and zoning bylaws
(e.g., Regina 1979; 1984; 1985; 1991a). Other studies have
addressed particular aspectsof the CBD or Downtown environment
including urban design standards, the suitability of residential
development, and the feasibility of climate controlled walkways
(e.0., Regina 1982; 1989; 1991b). Currently the most important
instrument in regulating devel opment inthe CBD isZoning Bylaw
9250 (Regina1992). Theoverall philosophy behind thisinstrument
isneatly expressed inthe 1991 Development Plan whereinthecity’s
economic development is required to promote 'the continued
development of the Downtown as Regina s primary business, office,
retail, cultural and administrative centre’ (Regina 19914, 69).

In practical terms this philosophy is implemented through
specific regul ations and devel opment standards contained in Bylaw
9250 (Regina 1992, 205-222). Prominent among these are ones
governing building heights, floor arearatios (FARS), permitted wind
velocities, sun-shadow impacts, the provision of public amenities
and parking, and the preservation of heritage properties, al of which
can influence the exact form and location of developments.
Generally, these regul ations have become more numerous over time.
In so far asthe CBD flourishes, it can be claimed that regulations
and development standards have remained sensitive to the
expectations of developers and those who work, shop and recreate
in the CBD.
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Location, location, location: selling sex
in the suburbs

John Selwood, University of Winnipeg
Seven Kohm, University of Toronto

Abstract: Conventional understanding of the sex trade in cities has
identified it as an inner city phenomenon. However, a broader
interpretation of the topic suggeststhat the sale of sex involves morethan
street prostitution and it is more widespread than hitherto acknowledged.
When sex is openly employed to sell other services or products, it is a
moot point asto whether the sex isnot anintegral component of the product
package. Marketing literature would certainly have usbelieveit to be so.
When off-street sex isexamined, it al so becomes apparent that technol ogy
ispermitting sex to besoldinavariety of formsandinavariety of locations.
Evidence drawn from Winnipeg, western Canada, and Perth, Western
Australia, suggests that, to an increasing degree, sex is not only being
marketed to a suburban-based clientele, it is becoming more widely
available for sale in the suburbs.

Introduction

Just as popul ation has moved to the suburbs, to be followed by
industry and other forms of commerce, so have businessesthat sell
sex, or who use sex to sell other products and services. The extent
to which the sex trade has penetrated the suburbsis very difficult
to ascertain without more intensive research than permitted under
current budgetary and other constraints. However, it is safe to say
that both clients and the varied sex related benefits they seek are
widely distributed through the city (Kohm 1997; Kohm and
Selwood 1997; Selwood and Batzel 1988). The providers are
quite evidently well aware of the basic principles of contemporary
marketing and offer a wide range of products and services in
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targeting a variety of market segments who are largely resident in
suburbs.

The purveyors of sex appreciate that they are selling products
that comprise, to quote from abasic marketing textbook: a“ complex
bundle of benefits that satisfy [consumers'] needs’ (Kotler et al
1996, 291). Products thus boast a potentially wide range of
attributes that can be conceived of as operating at three levels
(Figure 1). These levels consist of the core product’s benefits as
sought by the by the consumer, the actua product and the augmented
product. The core product addresses what the consumer is really
buying. That is, it can satisfy avariety of basic needs and wants.
In the case of abar or beverage room, that may include the slaking
of athirst, reinforcement of amacho image, soothing of alibido, a
desire for company, or whatever. The product’s specific tangible
and intangiblefeatures arereferred to asthe actual product. These
will include the quality of the liquid, what it is contained in, and
whoiscarryingit.. Finaly, the augmented product would include
the entertainment provided in the bar. However, the augmented
component quickly becomes an important and expected part of the
total product. In a beverage room featuring exotic dancers, the
stripper’s sexy gyrations are just as much part of the purchase asis
the drink itself. According to Katler et al (1996, 291):

Today, most competition occurs at the product
augmentation level. Successful companiesadd benefitsto
their offers that not only will satisfy, but will also delight
the customer.

Massage parlours, escort services, strip bars and burlesque
clubs, adult video and magazine outlets and adult sex shops are
among the outlets that provide sex related products and services
(Kohm and Selwood 1997). In this paper we will be focusing on
one aspect of the “soft sex” trade: that is, the legally sanctioned
provision of adult entertainment in drinking establishments,
including strip clubs, bars and restaurants. Because these places
are not always accepted without protest by segments of the wider
community, they do not always have ahighly visibleimpact onthe
townscape, but they nevertheless adhere to the basic rule for
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Figure 1. The attributes of a product (Source: Kaotler, et
al. 1996, p. 291).

marketing consumer goods: location, location, location. Winnipeg,
Canada, and Perth, Western Australia, provide the case study
material for the paper.

The Hooters Phenomenon

One of the more obvious manifestations of the sale of sex in
the suburbsisthe “Hooters’ chain of restaurant, with the Hooters
Girls being an integral part of the product concept. Although
Hooters' management insist that they are running a“ neighbourhood
restaurant.” According to their website promotion, the

... concept stresses great food, great service, reasonable
prices, arelaxed atmosphere and, of course, the now famous
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Hooters Girls. These elements combine to make Hooters
the placeto go for families, celebrities, sports figures, and
anyone who enjoys food and FUN, FUN, FUN! (http://
www.hooters.com)

That'snot quite so. Gary Score, manager of Fargo’'s Hooters,
saysthat the restaurant “is ablue-collar place that caters mostly to
men aged 25 to 40. It's a place where they can eat and drink . . .
and enjoy the scenery” (Owen 1997 16 February). Bruce Owen,
staff reporter for the Winnipeg Free Press, notes that in Winnipeg,
“most of the clients are men, from college guys to lone
retirees.” (ibid).

Winnipeg's Hootersis located in Madison Square, a parasitic
shopping complex, amost adjacent to Polo Park, Winnipeg's first
suburban, regional shopping centre. Itisalsolocated conveniently
near Winnipeg's football stadium and arena, both venues being
important sources of Hooters' customers. It might also be noted
that St. James, the suburb containing Hooters, is commonly
stereotyped as being the home of alower middle class population,
not renowned for its placing high stock on culture, but rather on
the materidistic values of themassmarket. Hooters' websitewould
also be accessible to a high percentage of St. James dwellings.

Hooters' suburban Winnipeg location isno coincidence. Their
other Canadian locations are also firmly planted in the suburbs.
Toronto’s Hootersisin North York and the Edmonton outlet ison
Bourbon Street in the West Edmonton mega mall (http://
www.hooters.com). Vancouver’'s Hooters is in Surrey, a suburb
some forty minutes drive from downtown.

This obvious commodification of the female body has been
the subject of repeated controversy, something on which the
restaurant chain of coursethrives. Only thisweek (September 22-
28 1997) Vancouver’s Hooters hit the pages of The Winnipeg Sun
and the Winnipeg Free Press (Lakritz N. 1997; Joyce 1997 23
September), which reported the dethronement of one Gabriella
Petivoky, Miss Canadian International, a Hooters Girl, because of
her promotional work with the restaurant chain. The Manitoba
Action Committee on the Status of Women, along with other
women’s rights groups, raised objections to Hooters' arrival in
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Winnipeg even before the restaurant’s opening (St. Germain 1996:
Owen 1997) and the debate continues to feature in letters to the
press (see, for example, Harris1997). However, as Carl Matheson,
aphilosophy professor at the University of Manitoba, has observed:
“...the Hooters chain is no better or worse than other aspects of
Western culture.. . . , so why pick on Hooters?” Hooters' blatant
commercia use of women's bodiesis perhaps controversial, but it
exists, and it exists in the suburbs to service a largely suburban
clientele.

Strip Bars and Burlesque Clubs

Although there is a concentration of strip bars and self-styled
burlesque clubs in the inner city, they are also found in more
suburban locations. The more highly visible burlesque clubs tend
to locate near blue collar, working class neighbourhoods and in
association with industrial land. The Chalet Hotel, home to
“Teasers’ and “Studs’ (the former featuring female dancers and
the latter males), is located on the borders of a largely inactive
industrial part of St. Boniface (see figure 2). The burlesque club
and a large adult video store both make their home in close
proximity to the abattoirs. On the other side of the city,
“Centerfolds’, aburlesque club catering to male patrons, islocated
in another working class suburb of the city, closeto the CPR Weston
Shops. “Club Fantasy”, a recently revamped burlesque club in
Winnipeg (Winnipeg Sun, 27 March, 1995), is located in an inner
city area characterized by a diverse mix of retail, light industrial
and working class to poor quality housing.

However, live nude entertainment is by no means confined to
the burlesgue clubs. The Liquor Control Act also permitslicenced
“Beverage Rooms’ and in some cases“ Banquet Halls,” to provide
exotic dancers as entertainment (Manitoba Liquor Control
Commission Licensee Field Manual, 1990). Burlesgue or nude
entertainment istherefore associated almost exclusively with hotel
beverage rooms, since bars not associated with hotelsare generally
classed as “ Cabarets’ where nude entertainment is not permitted
under theAct’sregulations. Where nude entertainment i spermitted,
the Liquor Control Act has set out strict rules of conduct. Among
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Figure2: Winnipeg's soft sex sales outlets.

other things, the regulations state that there may be “no audience
participation” and that “only one exotic dancer is permitted to be
in the stage area at any one time” (ibid.). The rules seem to be
aimed at preventing any sort of sexual contact from occurring,
whether it directly involves the audience or not. While there are
occasions where there is some contact between the dancer and a
patron, it is afar cry from the lap dancers of Ontario, or the “ten
dollar” dancers of Montreal. However, the Liquor Control Act
does not govern the location of bars providing exotic dancers.
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This is controlled by Winnipeg's zoning regulations which
generally treat hotels containing beverage rooms as permitted uses
in commercial districts. Zoning does not discriminate between an
ordinary beverage room with no burlesgue entertainment and a bar
whichisoffering strippersasaform of entertainment (pers. comm.).
Commercia use zones are widely distributed throughout the city.

A survey of Winnipeg’'s hotels revealed that their
representativeswere often reluctant to acknowledge that strip shows
were featured at the establishment. Whereas hotels that did not
offer this type of service seemed to be more than happy to make
this information public, those establishments that did offer the
service were often quick to qualify their affirmative response. In
one case, the hotel management refused to make this information
available over the phone, fearing they might be exposed to
“feminists.” In many cases, it was pointed out that strippers were
only offered as entertainment for the lunchtime and after work
crowds. The management of one bar in particular, when asked
why their bar had strippers in the afternoon but not the evening,
offered this response: “\We' re a family-type bar.”

It seemsthat there is a hierarchy among bars and hotelsin the
city. At the top of the pyramid are such “higher order” family
oriented hotels and chains, such asthe Holiday Inn or Quality Inn,
which consider having strippers on the premises “substandard”
(pers. comm.). Next, are those bars which do offer nude
entertainment, but only as a sideline to the lunchtime business
crowd, or on the weekends. Finally, there are those bars which
offer burlesque entertainment exclusively, both in the day and in
the evening hours. Of the eighty-nine hotelsin Winnipeg that have
some sort of nightclub or bar, just over forty-one per cent said they
had stripperson at least apart-time basis. The spatia distribution
of hotels with this type of service is widespread and extends into
most districts in Winnipeg (see figure 2). Virtually all are located
on arterial streetswith asignificant amount of commercial activity,
and most are in the suburbs. Twelve such bars are located in the
CBD or zone of transition, but the remaining twenty-fiveareinthe
suburbs. It isvery apparent that the latter are serving up sex to a
suburban clientele.
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Some Australian Comparisons

The sex tradeis alive and well in Australiaand provides some
interesting paralels and contrasts with its Canadian counterpart.
As in Canada, the industry is regulated by different levels of
government, but in Australia the Commonwealth, or Federal
government has less direct involvement. For example, whereas
prostitution, although not in itself illegal, is effectively banned
throughout Canada because of the national Criminal Code, it is
legally sanctioned in various parts of Australia, including the Capital
Territory and the two most populous states of New South Wales
and Victoria. Inthispaper wewill use examplesof the sale of sex
inrestaurants, burlesque housesand bars of Perth, Western Australia
in comparing the two systems.

The Raunchy Restaurant

The Raunchy Restaurant in Fremantle, Perth’s port city, is a
far cry from Hooters. The present location is more central in that
Fremantle hasits own CBD. However, it was formerly located in
North Perth, one of Perth’s inner suburbs, until forced to move
because of local opposition and political expediency (pers. comm.
1997). The name carriesthe message without innuendo employed
by Hooters and the product package is far more explicitly sexual
in content. At The Raunchy Restaurant, patrons are served by
“semi-clad waitresses’” (Duffy 1997) with such added delectables
as.

A-La-Lap - Topless or Naked Hostess Perched on your
lap feeding you fresh fruit and cream.

Slic-A-Chic - Essentia warm oil massage toplessor naked
hostess of your choice.

Or, the piece-de-resistance:
Tutti-Frutti - The most tantalising dessert in the world!

Choose your naked hostess, she will lay (sic) naked on
your table covered only in fresh fruit and cream.
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The patron is then invited to lick the platter clean down to the
plastic wrap body covering. Touted asthe*ideal venue’ for “bucks
shows, Birthdaysand special Occasions, Social and Sporting Clubs,
Private and Corporate Functions’ (<http://www.wasex.com.au>).
The Raunchy Restaurant is hardly the place for afamily meal, but
it continues to be associated with the suburbs by the local police
(Duffy 1997).

Perth’s Strip Bars and Burlesque Clubs

Clearly, The Raunchy Restaurant fits more appropriately into
the category of the burlesque house or strip joint than it merits
being caled a restaurant. Eating in this case is the augmented
component of the sex product. Raunchy’s current location is also
more in line with that of Perth’s other strip clubs or nightclubs
holding a“ Cabaret” licence permitting full nudity. The “Kit Kat”
club, islocated in Fremantle, designed no doubt to attract visiting
sailors as well as local customers. Others, like “Gobbles,”
“Submission” and “ The Site” are on the fringes of Perth’s principal
night entertainment district. Again, such locationsare designed as
much to cater to the tourist as to the local clientele.

However, asin Winnipeg, Perth’s suburban bars and pubs have
alsoincorporated the sexual component into their sales of beer and
liquor. Many outlets now feature“skimpy” barmaids, particularly
at lunch and supper hours when thereis strong competition for the
customers' dollar. Starting in the 1980s, Perth’s bars began to
feature “see through” barmaids, then during the America's Cup
challenge, barmaids went topless (Hall, Selwood and McKewon
1995), but more modest dress codes wereimposed in the aftermath
of theCuploss. Nevertheless, thereisconsiderable discretion used
in the interpretation of the code as spelled out in the licencing
conditions of the Liquor and Gaming Act and administered by the
police Liquor and Gaming Branch. Although many have applied,
only four pubs have been granted special licences permitting
toplessness. These are al in distinctly working class, suburban,
commercia districts, where local councils and nearby businesses
raised no serious objections.
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Elsewhere, the“ skimpy” bars offer avariety of options. Some
barmaids are dressed quite decorously, similarly to the Hooters
Girls, but others, depending on theworkplace, their employer, their
personal inclination and the demands of the local inspector, will
bedressed very skimpily indeed, wearing little morethan ag-string
and not much more on top. One criterion used by inspectors is
whether “buns’ are exposed - this being permitted by some,
disallowed by others (pers. comm. 1997). A few of the larger pubs
also employ exotic dancers, either as singles or in teams, who put
on shows at peak times. Some dancers are male, managed by
“Collars and Cuffs,” “Moving Violations,” or “Toyboys,” but the
great majority arefemal e associated with such operationsas“ Living
Dalls,” “Teasers,” or “Sunset Strip.”  According to one employer,
the dancers are not supposed to bare themselves or to make contact
with patrons, but will at times do so in the excitement of the dance
(pers. comm. 1997). Time did not permit a systematic survey of
Perth locations featuring skimpy barmaids and exotic dancers, but
they are numerous and scattered through the suburbs, generally
operating unobtrusively and, in the higher class suburbs, relying
only on word of mouth for their publicity.

Discussion and Conclusion

In comparing the provision of “soft sex” in the two countries,
it isreadily apparent that there are some common threads. First, it
isclear that both are selling sex as part of amore complex product,
commodifying the human body and marketing bits of its anatomy
along with other attributes of the product. Burlesque houses, strip
clubs and pubs are involved in the business, including
neighbourhood pubs located in the suburbs. In general, the more
extreme forms are contained in working class districts. However,
that is by no means universally the case. Sex isfor salein higher
class suburbs too, albeit with less fanfare.
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Two large family farms in Manitoba

William J. Carlyle, University of Winnipeg

Introduction

Thefamily farm isalive and well in Manitoba athough thisis
not readily apparent from the census of agriculture (Carlyle 1983).
For exampl e, about 2,000 of the 24,000 censusfarmsin the province
are classified as corporate farms. Some people have become
alarmed by this statistic, fearing that large corporations have been
squeezing out family farms. Yet, closer inspection of the census
reveals that the overwhelming majority of corporate farms in
Manitoba are, in fact, incorporated family farms. Connery’s
Riverdale Farms Ltd., a vegetable and fruit farm located near
Portage la Prairie, is one such family corporate farm (Figure 1).

Statistics Canada (1997) classifies Hutterite col onies under the
heading of “institutional, community pasture and other” farms.
Hutterite colonies are, however, nothing if not a type of family
farm, and they have been aptly classified asbeing large multi-family
farmsteads by geographer Hans Schlictmann, (1977). Thus, the
second type of family farm considered in this paper is Sommerfeld
Hutterite colony which is located about 20 km east of Portage la
Prairie (Figure 1).

Connery’s Riverdale Farms Ltd.

The Connery farm is an incorporated family farm owned and
managed by Ed Connery and his two sons, Doug and Jeff, and
their families. Itisoneof thelargest of thetwel ve major commercial
vegetable farms in Manitoba, four of which are located in the
Portage district (Manitoba Agriculture 1997).
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Figure 1: Location of Connery's Riverdale Farms Ltd. and the
Sommerfeld Hutterite Colony.

Severa conditions favour commercial vegetable production
inthe area. The frost-free and growing seasons are longer than in
most parts of Manitoba (Dunlop and Shaykewich 1982), and the
soils are loamy aluvial ones varying in texture from silty clay to
fine sandy loam (Ehrlich, Poyser, and Pratt 1957), atypeideal for
vegetablesin general and root cropsin particular. Irrigation water
is readily available from the Assiniboine River and several other
rivers in the district, most of which flow in former channels
(paleochannels) of the Assiniboine River, such asthe Elm and La
Salle (Figure 1) (Rannie 1990; Rannie, Thorleifson, and Teller
1989). In addition, the district is close to Winnipeg, the main
market.

The Connery family formerly operated a market garden and
nursery inthe &. Vital areaof Winnipeg, but moved to the Portage
la Prairie district in 1960, lured by the favourable physical
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conditions discussed above and by the encroachment of urban land
uses as Winnipeg expanded.

The present-day farm comprises some 352 ha (870 acres), of
which about two-thirdsis owned by the Connerys, and it consists
of several parcels (Figure 1). The northernmost group of parcels
is located along the south bank of the Assiniboine River, which
provides irrigation water for this group. The other main group of
parcelsis along, and irrigated by, the EIm River (Figure 1). The
offices and cleaning/warehousing sheds are located on Wood L ot
208, whichispart of theriverlot survey of the Red River Settlement
that preceded the Dominion Lands Survey of townshipsand ranges
(Figure1). Water for washing the vegetables and transporting them
through flumesis obtained by pipelinefromwellson aneighbour’s
property near the Assiniboine River

Although the farm’s area is not large in Manitoba terms,
vegetable farming is intensive, so that the gross farm income is
sizeable — more than $3 million annually.

Ranked by area devoted to each, the crops grown by the
Connerys are carrots, broccoli, asparagus, cooking onions, and
green onions. In addition to vegetables, the Connerys sow some
land to wheat and alfalfa, which are grown in rotation mainly to
interrupt pest and disease cycles, and they have a field of
strawberries.

Provincial regulationsrequirethat only carrotsamong the crops
produced by the Connerys be marketed through Peak Vegetable
Sales (formerly Manitoba Vegetable Producers Marketing Board)
under the name of Peak of the Market. The Connerys, however,
choose to market all their vegetables through Peak.

The Connerys are the main producersin Manitoba of broccaoli,
green onions, and asparagus, and they are probably second ranked
in carrots (Connery family 1997 and Manitoba Agriculture 1998).

There is one spring sowing of carrots, and they are harvested
from late July or early August onwards into the autumn. Some of
the carrots are shipped directly to market. Theremainder are stored
in enormous Fil-A-Cel sheds at Wood Lot 208 for shipping out
from October to March. These carrots must be stored at 0°C (32°F),
requiring that they be refrigerated even during the winter because
of the heat they generate in storage.



Prairie Perspectives 175

Broccali is planted weekly from May to July, and hand cut
beginning in July. The heads are sized, sorted, and boxed in the
field using abroccali trailer, then packed in slush ice produced by
aslush ice maker at the warehouse.

Asparagusis a perennial crop which can produce for decades
without replanting. It occupies a large portion of the 40 ha (100
acre) “idand,” which is nestled in a former meander bend of the
Assiniboine River, amusingly named Hoop and Holler Bend (Figure
1). Thisand severa other meander bendsin the district have been
artificially cut off fromthe Assiniboine River in an attempt to reduce
flooding in the Portage area by hastening the flow of the river
(Figure 1). Theasparagusiscut by hand from three-person buggies
during May and June.

Cooking onions are planted during one spring sowing, harvested
in September, and packed out until April. They are mechanically
harvested, then cured in a heated Fil-A-Cel shed. Green onions
are planted weekly from spring to July, hand pulled, and packed in
ice for shipment. Harvest beginsin early July. Strawberry plants
produce for two years and then are replaced. Picking — u-pick or
pre-pick — beginsin early July.

Vegetable farming is very labour intensive despite the
increasing mechanization of some operations, and about half of
the Connerys annual expenses of $2.8 million is for hiring farm
labourers. They employ 40 to 50 people during the winter and, at
the peak of the harvest, this figure rises to 130 to 140. Hired
labourers come from Winnipeg, the Sandy Bay Indian Reserve on
the west shore of Lake Manitoba, the Portage district, and from
Mexico. The Mexicans are brought to Manitoba under a federal
program for migrant workers, and they are used for “ stoop” labour.
They are provided with living quarters on the farm (Figure 1).

Sommerfeld Hutterite Colony

Almost all of the 35,000 to 40,000 Hutteritesliving on colonies
in the United States and Canada are descended from the 443
Hutterites on coloniesrecorded in the United States census of 1880
(Hostetler 1974). Thisstatement excludes several thousand people
following many teachings of the Hutterian faith living on colonies
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The church on Sommerfeld Colony (photo by John Lehr).

Some of the residences on Sommerfeld Colony (photo by John Lehr).



Prairie Perspectives 177

(bruderhof) in the northeastern United States which, however, are
not considered to betrue Hutteritesby the Hutterian church (Preston
1992). Being descended from such asmall founding group, today’s
Hutterites have only about fifteen different surnames. Among the
Schmeidel eut Hutterites, the group or “ clan” to which al Manitoba
Hutterites belong, studies have shown that the “average” husband
and wife are more closely related than second cousins but not as
closely related asfirst cousins once removed (Hostetler 1974).

This extended family nature of the Hutterites is reflected by
the fact that the 20 families totalling about 100 people living on
Sommerfeld colony have only two surnames, Hofer and Gross.

The colony “Boss,” John Hofer, and his wife Susanna, moved
to Sommerfeld colony when it was founded in 1977 from
Sommerfeld’'s “mother” colony, Rock Lake. As is Hutterite
practice, Susanna moved to Rock Lake colony from Rainbow
colony when Susanna and John were married, which was before
Sommerfeld colony was founded.

Following traditional practice, most important management
positions on the colony are filled by adult men (see below). The
key positions are the Colony Boss, the Colony Minister(s), and the
Farm Boss. They meet daily to discuss colony operations (Ryan
1977).

Colony Boss— John Hofer

Colony Minister — Michael Hofer (brother of the colony
boss)

Second Minister and German teacher — Clarence Gross
Farm Boss (crops) — Levi Hofer (brother of the colony boss)
Pig Boss 1 — David Hofer (brother of the colony boss)
Pig Boss 2 — Arnold Gross

Chicken Broiler Boss — Jonathon Gross

Chicken Layer Boss — Jacob Gross

Blacksmith — Jacob Hofer (brother of the colony boss)
Carpenter — Joseph Hofer (brother of the colony boss)
Electrician — Peter Hofer (brother of the colony boss)
Head Cook — Annie Gross

Sommerfeld Colony comprises some 3000 ha (7400 acres), of
which the colony owns about two-thirds and rentsthe remainder. |
don’'t know how secure the tenure is on land rented by the Colony.
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Some of the land islocated on land surveyed under the Dominion
Lands Survey system and someislocated on land surveyed under
the earlier riverlot system (Figure 1). Considering that the average
Manitoba farm family of four or five people farms about 320 ha
(790 acres), Sommerfeld colony, and indeed most Hutterite colonies
in Manitoba, has to make intensive use of its resources.

The economic mainstay of Sommerfeld colony ishogs. There
aretwo separate operations, each with its own boss (see above). A
total of about 1,000 sowsis kept (soon to be 1,400) each of which
produces some 24 hogs a year, for atotal annual output of 24,000
hogs. Two holding tanks, one of 5.5 million litres (1.2 million
galons) capacity and the other of 13.6 million litres (3 million
gallons) capacity, are used to store waste from the hog barns and to
produce manure fertilizer for the crops.

The colony also relies heavily on poultry. It has 7,500 laying
hens which produce about 6,000 eggs per day or 2.2 million eggsa
year. The chicken broiler operation yields 1,500 broilers every 6
to 7 weeks.

Thehogs, laying hens, and broilersare all raised under factory-
farming conditions in barns and sheds where there is close
monitoring and control of temperature and moisture conditions,
types and amounts of feed, and exposure to diseases.

Four dairy cowsare kept for colony use, and avegetable garden
and orchard of about 2 ha (5 acres) yields vegetables and fruit for
colony consumption.

Canola, wheat, and barley arethe main crops grown, with most
of the barley being fed to the pigs and chickens on the colony.

With such alarge human and livestock popul ation on the colony,
obtaining sufficient supplies of water is ahigh priority. When the
colony was being founded, drilling for water at the colony sitewas
unsuccessful despite the fact that some drill holes penetrated 120
m (400 feet) below the surface. Ample quantities of water were,
however, eventually found in 9 m (30 feet) of sand along an
Assiniboine River paleochannel (High Bluff channel, Figure 1)
about 0.8 kms (0.5 miles) away, from whence it is pumped to the
colony.

Hutterite life is firmly grounded in their faith, the essence of
which is a belief in oneness in Christ, which manifests itself in
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communal living on colonies. To maintain this faith, services are
held frequently at the church on the colony.

Education isalso aconcern of the Hutterites. On Sommerfeld,
and generally among Manitoba Hutterites, formal schooling is
limited to grades 1 to 8 at a public school on the colony. Some
children on Sommerfeld do take grades 9 and 10, but they do so on
the colony through teleconferencing with schools in Portage la
Prairie.

The operation of aHutterite colony isacomplex one, involving
skills ranging from metal working and electrical wiring to using
computer software. Knowledge of thistypeisgained from manuals
and books, and extension courses offered by colleges and
universities. Once gained it is passed down from one generation
of Hutterites to another.

Conclusion

The two farms examined in this paper are unusual in that they
are minority typesin Manitoba. The Connery farm is one of only
twelve commercial vegetable farms, excluding potato farms, in
Manitobaand Sommerfeld isone of about ninety Hutterite colonies
in the province. They do, however, represent part of the vast
spectrum of family farmsin Manitoba, no two of which are exactly
aike.
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