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The nature and extent of slough and wet land problems on agricultural lands in east central Alberta was determined
usinga random-based statistical technique. A categorization of sloughs and wet lands on CanadaLand Inventory Class
1, 2 and 3 land was made using aerial photo interpretationand planimetry. Estimations are that the area under cultivation
within these land use categories could be increased by at least one-seventh by farm drainage combined with better land
and water management.

INTRODUCTION

Slough and wet land problems on better
quality arable lands pose a serious con
straint to commercial farming in east cen
tral Alberta. Not only is some arable land
lost from crop production, but the time
spent and the inconvenience of having to
farm around these areas result in increased

production costs. These areas, usually
characterized by excess seasonal water
and poorly drained soils, can be reclaimed
by a combination of drainage, intensified
management and conservation measures
(Jensen 1979; Korven and Heinrichs
1971).

Sloughs, or potholes as the smaller ones
are sometimes called, are depressions
which may fill up with water in the spring,
but may be dry or partially dry by the end
of the summer. The source of the water is

snowmelt in the spring and heavy rains
during the summer. Wet lands, as used in
this study, are defined as extended areas
where soils are chronically wet. The water
table in discharge areas may be at or near
the land surface or the soil may be satu
rated for long enough periods to promote
hydrophylic vegetation. Wet lands in re
charge areas may dry up during the grow
ing season. Their temporary nature pre
cludes aquatic growth but permits the
growth of grasses and common weeds.

The geographic area considered in this
study lies between the fourth and fifth
meridians from township 35 in the south
to township 69 in the north (Fig. 1). In
general, the climate is continental, char
acterized by warm summers and cold win
ters. Precipitation varies from 350 mm to
450 mm, increasing from east to west. As
approximately 70% of the precipitation
falls during the summer, the water deficit
is low.

The objective of this study was to de
termine the nature and extent of slough
and wet land problems affecting agricul

tural lands in east central Alberta in a con

text of enhanced agricultural production.

METHODS AND PROCEDURES

A random-based statistical technique
was used to accomplish the stated objec
tive. Townships containing more than
one-third Canada Land Inventory (CLI)
Class 1, 2 and 3 land in the study area
constituted the sampling frame. A two-
stage stratified sample design was used.
First, the area was stratified according to
the six CLI "Soil Capability for Agricul
ture" map sheets: Wainwright (Kjears-

Figure 1. Slough and wet land management
research project area, Alberta,
Canada.
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gaard 1970b), Red Deer (Peters 1971),
Edmonton (Kjearsgaard 1967), Vermilion
(Peters 1970), Sand River (Kocaoglu
1973) and Tawatinaw (Kjearsgaard 1970a)
(Fig. 2). Within each stratum, the town
ships were grouped within three substrata,
one with 100% CLI 1, 2 and 3 land; the
second with over two-thirds CLI 1, 2 and
3 land; and the third with between one-
third and two-thirds CLI 1, 2 and 3 land.
Then, within each stratum, townships
were selected randomly in numbers pro
portional to the size of the substrata (Table
I). In the second-stage sampling, one sec
tion (259 ha (640 acres)) was selected at
random from each of the CLI 1, 2 and 3
sections within each township. The total
number of these primary sampling units
was 152 (Fig. 2; Table I). It has been es
timated that there are approximately 3.6
million ha of this better quality land within
the study area (Apedaile and Rapp 1982).

The first-stage sampling was made on
a township basis though the demarcation
line for the map sheets cuts through some
townships. The selected sections within
the boundary townships are identified
with the map sheet on which they lie as
opposed to that from which the township
was drawn. The divergences do not affect
the quality of the estimates.

The most recent aerial photograph for
each section selected was obtained. A

classification of sloughs and wet lands
was prepared based on size, seasonal per
manence, evidence of open water and eco
nomic implications. The classification
used in the study was as follows:
Category 1. Temporary sloughs less than
2 ha in size. These sloughs usually dry
up during the spring and summer depend
ing on the seasonalrainfall. Thesesloughs
are an inconvenience to farming opera
tions. They waste production inputs, de
lay field work and cause yield reductions
(Fig. 3).
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Figure 2. Random sampling frame of152 sections (shown as small squares) from six CLI map sheets in east central Alberta.
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TABLE I. DISTRIBUTION OF THE POPULATION AND OF THE SAMPLES IN THREE LEVELS

OF CONCENTRATION OF CLI LAND CLASS ACCORDING TO SELECTED CLI MAP SHEETS

Number of townshipst Number of sections^
with CLI 1, 2 and 3 of

Total
with CLI 1, 2 and 3 of

Total

CLI 100% 82% 50% twp 100% 82% 50% sections

map sheet - (66-100)(33-66) selected - (66-100)(33-66) selected

Wainwright 9 35 51 95 3 10 13 26

Red deer 29 60 42 131 8 17 12 37

Edmonton 40 65 20 125 11 18 7 36

Vermilion 3 57 57 117 1 16 17 34

Sand River 0 8 14 22 0 3 3 6

Tawatinaw 4 19 22 45 2 6 5 13

Total area 85 244 206 535 25 70 57 152

tOne township = 36 sections.

tOne section = 259 ha (640 acres).

Category 2. Permanent sloughs less than
2 ha in size. These sloughs hold water
the year round and are rarely or never cul
tivated. They may receive groundwater
discharge as well as acting as collection
points for surface runoff. These sites con
stitute underutilized land (Fig. 4).
Category 3. Permanent sloughs greater
than 2 ha in size. These sloughs consti
tute low points in subcatchment areas.
They are often important as sources of
water and as wildfowl habitats. If drained,
these sloughs are potential sources of pro
ductive agricultural land.

it*

Category 4. Temporary wet lands.
These areas are used in most years for hay
or pasture, and are similar in size to
sloughs. They usually show little evidence
of open water and may be associated with
springs or watercourses. The topography
within these areas is generally flat (Fig.
5).
Category 5. Permanent wet lands. Such
lands containing marshy land are not suit
able for regular harvesting of forage. This
land may be used as fall pasture and the
fringes may be cut for hay in dry years.
The lack of a drainage outlet usually keeps

Figure 3. Category 1; small temporary slough.
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productivity very low. These areas con
stitute underutilized land and water but

often the brush within provides good wild
life habitat. They often form part of a
larger depressional system within a sub
catchment area that has poor or remote
drainage outlets. The characteristics of
this category are highly variable (Fig. 6).
Category 6. Watercourses. This cate
gory contains fringes of poorly drained
land, often with marsh grasses, bush or
tree cover. It is favorable to beaver habitat

and can be transformed into permanent
wet land (Category 5) by dams and mean
ders. These watercourses in themselves do

not constitute underutilized land and they
do provide a source of water for farm use.
The land adjacent to these watercourses
which is seasonally flooded or affected
by slow drainage can be potentially re
claimed.

Category 7. Bush or land uncultivated. It
is classified as such for unidentifiable rea

sons, based on aerial photo interpretation.
This category is a temporary residual cat
egory pending reclassification as one of
the six categories based on ground tru-
thing.

The aerial photo for each sampled sec
tion was enlarged and examined to de-



Figure 4. Category 2; small permanent slough.

Figure 5. Category 4; temporary wet land.
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marcate areas or sites evidently affected
by excess water or moisture at the time the
photo was taken. Each site was assigned
a code number for identity corresponding
to one of the classification categories. Ex
amples of this exercise are presented
(Figs. 7 and 8).

The size of each such site was measured

planimetrically. A total of 5632 sites on
152 sections of land (Fig. 2) were meas
ured in this manner. Assignment of iden
tity numbers to demarcations were inde
pendently reviewed three times and
consensus was established in all cases of

difference.

RESULTS

The extent of sloughs and wet lands ex
pressed as an estimated percentage of the
total area covered in each category for
each map sheet in east central Alberta is
presented in Table II. As the section is the
legal subdivision of the cadastral survey,
the size of the slough/wet land area is ex
pressed as hectares per section. The esti
mates, with 95% confidence, of the per
centage of the total area of CLI 1, 2 and
3 land affected by excess water for each
category and each map sheet are the result
of the statistical analysis (Apedaile and
Rapp 1982).

Figure 6. Category 5; permanent wet land.

TABLE II. EXTENT OF SLOUGH/WET LANDS (ha/section) AND ESTIMATED PERCENTAGE
OF TOTAL AREA COVERED (APEDAILE AND RAPP 1982) BY ALL CATEGORIES FOR

VARIOUS MAP SHEETS IN EAST CENTRAL ALBERTA, CIRCA 1970-1981

ha/

section

%

Categorj r

1-7 1-6

CLI

map sheet
1 2 3 4 5 6 7

1-5

Wain wright ha

%

9.3

2.7

2.0

0.6

5.8

1.7

1.5

0.4

20.5

5.9

8.0

2.3

12.3

3.6

59.4

17.2

47.1

13.6

39.1

11.3

Red Deer ha

%

7.6

2.3

4.7

1.4

5.0

1.5

3.0

0.9

14.3

4.3

6.0

1.8

16.5

5.0

57.3

17.2

40.7

12.2

34.7

10.4

Edmonton ha

%

11.0

3.6

1.9

0.6

3.6

1.1

2.6

0.8

25.6

8.2

8.0

2.6

6.7

2.1

59.4

19.0

52.7

16.9

44.7

14.3

Vermilion ha

%

11.2

3.3

3.9

1.2

10.5

3.1

1.9

0.6

35.3

10.5

6.6

2.0

6.1

1.8

75.5

22.5

69.4

20.7

62.8

18.7

Sand river ha

%

5.3

1.4

0.8

0.2

11.7

3.0

6.2

1.6

9.7

2.5

1.5

0.4

46.3

12.0

81.5

21.1

35.2

9.1

33.7

8.7

Tawatinaw ha

%

5.4

1.9

0.05

0.1

1.1

0.4

3.5

1.2

28.5

9.0

2.6

0.9

26.7

9.2

67.9

22.7

41.2

13.5

38.6

12.6

Avg ha

%

9.3

3.6

2.8

1.1

5.8

2.2

2.6

1.0

23.5

9.1

6.6

2.5

13.0

5.0

63.6

24.6

50.6

19.5

44.0

17.0

Area Affected by Sloughs
Small temporary sloughs (Category 1)

in the study area covered an average of 9.3
ha/section of land, or an estimated 3.6%
of the total area. The extent of these
sloughs was highest in the Edmonton and
Vermilion regions, being slightly greater
than 11 ha/section.

The area covered by small permanent

sloughs (Category 2) was highest in the
Red Deer and Vermilion regions, and the
lowest on the Sand River and Tawatinaw

map sheets. The area covered by Category
2 sloughs was about 1% of the CLI 1, 2
and 3 area.

The area covered by large permanent
sloughs greater than 2 ha in size (Category
3) was highest in the Sand River and Ver-
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Figure 7. Example of categorization of sloughs and wet lands on an aerial photo, one section in area. Shown are Categories 2, 4, 5and 7.

milion regions, covering over 3% of the
total area, while the smallest area covered
was in the Tawatinaw region.

For all map sheets, an estimated 6.9%
or almost 18 ha/section are covered by
sloughs. According to Apedaile and Rapp
(1982), the three categories of sloughs ac
count for over 251 000 ha in east central

Alberta.

Area Affected by Wet Lands
The most extensive area covered by

temporary wet lands (Category 4) occurs
in the Sand River region, covering an es
timated 1.6% of the area or almost twice
the study area average. The lowest extent
of Category 4 wet lands was observed in
the Wainwright and Vermilion regions.
Permanent wet lands (Category 5) account

id

for the largest area covered, being the
most extensive in the Vermilion region
(10.5%) and the least extensive in the
Sand River region (2.5%). For the entire
study area, permanent wet lands cover al
most 24 ha/section or about 9% of the
area. All wet lands, temporary and per
manent, covered an estimated 10.1% of
the area, or approximately 365 000 ha in
east central Alberta.

Watercourses (Category 6) cover 2.5%
of the area. Land classified in Category 7
or unused land covered about 13 ha in
each section or an estimated 5.0% of the

total area.

Area in Sloughs and Wet Lands
The collective area of all categories (1

to 7) as classified from aerial photo inter

pretation covered 64 ha/section or an es
timated 24.6% of the total study area. This
indicates that about one in four hectares

of good farmland remains unused or is re
stricted to low intensity use. If Category
7 is excluded for land improvement, the
proportion is reduced to about 51 ha per
section of land or an estimated 19.5% of

the area. However, the limitations asso
ciated with the topography of water
courses may prevent, in most cases, the
improvement of these areas to croppable
status. If it can be assumed that land which
presently is limited by excess water (Cat
egories 1 to 5) can be improved by farm
drainage and better land and water man
agement, the croppable area can be ex
panded by about 17% or by 44 ha/section.
Practically, if Categories 1, 2, 4 and 5
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Figure 8. Example of categorization of sloughs and wet lands on an aerial photo, one section in area. Shown are all categories.

could be improved, the croppable area
could be expanded by about 14.7% or 38
ha/section. A ranking of regions by
improvement potential from highest to
lowest, using this criterion, would be
Vermilion, Edmonton, Tawatinaw, Wain-
wright, Red Deer and Sand River.

Prevalence of Sloughs and Wet Lands
Selected statisticsquantifying the prev

alence of thevarious categories of sloughs
and wet lands within the study area are
presented in Table III. On the average, the
most numerous observed in the sample
were the 3702 temporary sloughs under 2
ha in size, numbering about 24/section.
Though the mean area covered by each of
these small sloughs is skewed to less than
0.4ha,the importance ofthis category lies
in the opportunity to reduce farming cost

TABLE III. SLOUGH/WET LAND STATISTICS AND FREQUENCY OF OCCURRENCE FOR
ALL CATEGORIES IN EAST CENTRAL ALBERTA

Category

1 2 3 4 5 6 7

Mean S/W size (ha)
Standard deviation

0.3 1.2 9.6 2.3 4.3 18.3 4.6

of S/W size (ha)
Median of S/W

0 0.9 8.9 4.4 10.5 29.9 13.3

size (ha)
Mean number of S/W

0.3 0.9 6.2 0.4 1.2 9.2 1.2

areas per section

Total number of
24.2 2.3 0.6 1.2 5.7 0.3 2.6

S/W areas sampled 3702 343 98 188 850 51 400

Statistical analysis ofplanimeter data on slough and wet land surfaces obtained from aerial photographs on
the sampled area.

and delays in field access forproducers on asprevalent inthesample. There were 343
almost every section ofland in east central identified and measured planimetrically.
Alberta. The sizes were approximately normally

Permanent sloughs under 2 ha were not distributed between 1 and 2 ha averaging
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1.2 ha. This slough category occurred, on
the average, twice per section of land.
This incidence would indicate some po
tential economic gain in the form of ad
ditional arable area, and reduced farming
costs from drainage and consolidation.
These measurements are somewhat de
pendenton the time of year and the gen
eral moisture conditions at the time the
aerialphotos were taken because evidence
of standingwater was a distinguishingfea
ture for coding this category.

The Category 3 slough was permanent
and larger than 2 ha. The distribution of
sizes, averaging 9.6 ha, was somewhat
skewed upward by somenear-lakes. Only
the area within the section boundaries was
measured in such cases. These sloughs are
notprevalent but do coverabout2%of the
better farmland. Pressure to reclaim such
areas would increase if land values for ag
ricultural purposes increases. However,
environmental implications, hydrologic
considerations and practicality are ex
pected to preserve in theirpresent form all
but the smaller sized sloughs of this type.

The Category 4 wet land is a temporary
wet land averaging 2.3 ha in size, ob
served 188 times on the 152 sections. The
area of this wet land for any single farm
may offersome opportunity forintensified
land use. On the average they accounted
for about 1% of the CLI 1, 2 and 3 land
in the study area. Their distinction from
Category 5 wet landis subject to the time
when the aerial photo was taken. The
smaller wet lands could also be mistaken
for small temporary sloughs with weed or
grass cover due to wet spring conditions
for the year in whichthe photowas taken.

Category 5 permanent wet lands aver
aged 4.3 ha in size, or almost twice that
of Category 4 wet lands. The distribution
of sizes would indicate skewness towards
smaller sizes. There were over five of
these wet lands per section or a total of
850 observed. It is estimated that they ac
counted for about 9% of the better quality
farmland indicating substantial opportu
nity to extend the areaof improved land,
and thus to increase farm labor productiv
ity and farm revenue.

Watercourses, Category 6, are the larg
est of all categories averaging 18.3 ha.
They are not prevalent, however, in that
they occur on only one out of three sec
tions and account for about 2% of the bet
ter farmland.

The relative importance of the six cat
egories (1 to 6) varies by region. Perma
nent wet lands, Category 5, dominated
almostevery region accounting for an es
timated 22% of the total number on the
Red Deer sheet to 59% on the Tawatinaw

18

sheet (Apedaile and Rapp 1982). These
wet lands also occur frequently in the
Edmonton, Vermilion and Wainwright re
gions. Temporary wet lands, Category4,
accounted for an estimated 22% of the
number of wet sites on the Sand River
sheet. The small permanent sloughs cov
ered by Category 2 were relatively impor
tant in the Red Deer (23%) and Vermilion
(22%) regions. In relative terms, Cate
gories 2, 3, 4 and 6 were not often ob
served on the sections drawn from any of
the map sheets.

DISCUSSION

The findings substantiate two issues.
Sloughs and wet lands are ubiquitous on
CLI classes 1, 2 and 3 farm lands, thus
constraining farm incomes on every farm
with better quality land in east central
Alberta. Secondly, the area of land af
fected by excess moisture is large, ac
counting for nearly 1 in 4 ha of good ar
able land. The economic potential for
drainage is not confined to these areas per
se, but extends to reducing the costs of
fieldoperations byconsolidation of fields,
facilitating access to fields in spring, ho
mogenizing crop maturity and reducing
weed infestations. Realization of this po
tential is dependent on private economic
decisions to invest capital and adjust farm
operations. These decisions may be
shaped by public policy directed to wet
land use such as licensing and other reg
ulations pertaining to access to outlets and
financial assistance. The policy issues and
thepublic capital costs,being more or less
proportional to the area involved may be
considered to be substantial. The corre
sponding private costs and risks are also
large and are subject to the technological
choices andpaybacks available to farmers
in managing wet areas.

SUMMARY AND CONCLUSIONS
The main objective of the study was to

determine the nature and extent of slough
and wet land problems affecting agricul
tural lands in east central Alberta. A sta
tistical technique was used to obtain a
sampling frameof 152sections containing
Canada Land Inventory Class 1, 2 and 3
land from six map sheets; Wainwright,
Red Deer, Edmonton, Vermilion, Sand
River and Tawatinaw.

A classification of sloughs and wet
lands was prepared from aerial photo
interpretationof the 152-section sampling
frame. Small temporary sloughs, Cate
gory 1, covered an average of 9.3 ha/sec
tion. Small permanent sloughs, Category
2, covered 2.8 ha/section or about 1%.
These were most prevalent in the Red

Deer and Vermilion regions. Large per
manent sloughs, Category 3, occupied
over 3% of the area in the Sand River and
Vermilion regions. Collectively, sloughs
covered, on average, 18 ha/section or an
estimated 6.9% of the total area.

Temporary wet lands, Category 4, cov
ered 2.6 ha/section, with the Sand River
region having a mean area of over 6 ha/
section. Permanent wet lands, Category
5, accounted for the largest area covered,
with a mean of over 23 ha/section. These
were most extensive in the Vermilion re
gion (10.5%) and the leastextensivein the
Sand River region (2.5%). Collectively,
land categorized as wet land covered, on
the average, slightly more than 26 ha/sec
tion or an estimated 10.1% of the study
area.

The collective area of all categories (1
to 7) was 64 ha/section or an estimated
24.6% of the area. The lands subject to
excess water, in Categories 1, 2, 4 and 5
appear to offer immediate potential for
more intensive agricultural management.
These four categories account for between
5.7% (Sand River region) and 15.6%
(Vermilion region), or an average 38 ha/
section of the good farmland in this part
of Alberta.
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