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Abstract: The semi-arid prairie region of Canada has many closed-basin lakes that are sensitive to 
climatic variability and change. Long-term water level changes in these lakes provide a measure of the 
dynamic balance between runoff and precipitation supplying water to the lakes and water loss from the 
lakes by evaporation. Historic lake water level data can help to improve understanding and prediction of 
the hydrologic effects of climate change and land-use changes. Water level data for sixteen closed-basin 
lakes in the Canadian prairies were compiled from a variety of sources and additional measurements 
were made at some locations. In the Canadian prairie region there is an overall pattern throughout 
most of the twentieth century of declining lake levels, although with notable exceptions. Possible causes 
of lake level changes are assessed briefly, but the main objective is to present a regional and long-term 
perspective on lake level records.

Résumé : La région semi-aride des prairies du Canada a beaucoup des lacs à bassin fermé qui sont 
sensibles à la variabilité et au changement climatique. Les changements à long terme de niveau d’eau de 
ces lacs fournissent une mesure de l’équilibre dynamique entre l’écoulement vers les lacs, la précipitation 
sur les lacs et l’évaporation. Les données historiques de niveau d’eau des lacs peuvent aider à améliorer la 
compréhension et la prévision des effets hydrologiques des changements d’utilisation du territoire et du 
changement du climat. Des données de niveau d’eau pour seize lacs fermés dans les prairies canadiennes 
ont été compilées d’une variété de sources et des mesures additionnelles ont été faites à quelques endroits. 
Dans la région des prairies canadienne il y a une tendance globale dans la majeure partie du vingtième 
siècle vers les niveaux en baisse des lacs, bien qu’à des exceptions notables. Des causes possibles des 
changements de niveau d’eau sont évaluées brièvement, mais l’objectif principal est de présenter les 
données d’une perspective régionale et à long terme.
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Introduction

The semi-arid climate of the prairie region of Canada 
undergoes significant variations in “wet” and “dry” 
conditions, such as the well-known drought conditions 
of the “dirty thirties”. These variations are attested 
by the instrumental records beginning in the late 
nineteenth century (Bonsal and Regier, 2007), by proxy 
data such as paleolimnological studies and tree ring 
analyses (Sauchyn et al., 2002; Laird et al., 2003; St. 
George and Sauchyn, 2006) and by historical sources 
(Rannie, 2002). Scenarios of future climate suggest that 
drought conditions may become more extreme and 
persistent (Sauchyn et al., 2002). An understanding of 
how hydrological conditions respond to such climatic 
variations is therefore important to long-term planning 
and water management in the prairies. 

The prairie region contains many wetlands and 
lakes that are important features of the hydrology 
and ecology of the prairie landscape. The last of the 
Pleistocene continental glaciers retreated from the 
prairie region between about 17,000 and 10,000 years 
before present (Christiansen, 1979) and left numerous 
small and large topographically-closed depressions in 
the prairie landscape. The existence of these depressions, 
together with the dry climate, has resulted in a large 
proportion of the landscape being internally drained 
within closed drainage basins that rarely or never spill 
runoff water to ocean-going rivers. The lakes in such 
hydrologically closed basins are sensitive to changes of 
climate and land-use. 

Prairie lake levels have varied markedly over the 
decades, together with the concomitant changes of 
salinity (Rawson and Moore, 1944; Hammer, 1984; 
1990). For example, the water level of Redberry Lake, 
SK declined by nine metres between 1918 and 1991 
and salinity doubled over the same time period (Van 
Stempvoort et al., 1993). Hammer (1984; 1990) 
documented increases of salinity of several lakes from 
1922 to 1988 and showed that between 1970 and 
1988 these correlate with declining water levels. On 
the other hand Devils Lake in North Dakota, United 
States, also a closed-basin prairie lake, has experienced 
a large rise of water level starting in the 1940s (Wiche 
et al., 1997; Todhunter and Rundquist, 2004). Such 
large changes of water level have obvious implications 
for the ecology and recreational values of the lakes, for 
built infrastructure and for water management. 

The variations of water level can also be viewed 
as useful indicators of the hydrological effects of land-
use changes and of climate variability and change. The 
long-term water-level data for closed-basin prairie 
lakes complement streamflow data for the region. 
The lake data can provide continuity of hydrological 
records and proxy streamflow information through 
periods such as the 1930s and 1940s when monitoring 
of streamflow was greatly cut back. Closed-basin lake 
levels can rise rapidly and by large steps as a result of 
extreme runoff events, but the levels can only decrease 
slowly by evaporation. Deep, permanent lakes in closed 
basins are therefore of particular interest in this respect 
because they have a long-term “memory” of major 
runoff events, even where instrumental records of 
climate and streamflow are sparse or lacking altogether 
(Mason et al., 1994). 

There is no simple explanation as to the causes 
of the long-term water level changes in closed-basin 
prairie lakes. The changes are climatically driven, 
through changes in precipitation and evaporation, and 
are also influenced by changes in land-use, drainage 
and other water management infrastructure such as 
dugouts, which can result in more or less water being 
delivered to the lake by surface runoff. The long-
term declining trends indicated by some studies are 
especially noteworthy because they point to a future 
that may have many lakes drying out even more and 
perhaps disappearing altogether with continued 
warming. Such large changes of lake levels thus present 
an opportunity and a challenge for prairie hydrology 
and water management.

In response to the potential interest of long-
term lake level records, available data from across the 
Canadian prairie region were compiled, supplemented 
with the collection of additional information by 
means of field surveys and water level measurements. 
The objective of this paper is primarily to summarize 
these data and to describe how and where they were 
obtained. The possible causes of the long-term water-
level changes and the implications for the past and 
future hydrology of the prairie region are briefly 
reviewed. However, it is not the intention of this paper 
to enter deeply into this complex topic.
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Methodology – Lake Water Level Data

The study concentrated on water-level data for large, 
deep closed-basin lakes of the Canadian prairie region. 
Some smaller or shallow lakes were included to obtain 
regional or long-term coverage where there are no large 
deep lakes with reliable water level records. Where 
several similar lakes with similar water level regimes 
occur near to each other, only one or two representative 
lakes were selected; the other lakes are mentioned in 
the text. Pairs of linked lakes were also selected, where 
one lake may spill into a lower-lying one when water 
levels are high, because such pairs provide additional 
insight into lake level variations.

The geology of the prairie region is dominated by 
clay-rich glacial deposits underlain by Cretaceous shale, 
both of which have very low permeability and inhibit 
groundwater flow (van der Kamp and Hayashi, 1998). 
The water balance of most lakes in the prairie region 
is therefore not likely to be significantly influenced 
by groundwater flow. However, there are also highly 
permeable sand and gravel aquifers and where these 
intersect with lakes interactions with groundwater may 
be important. Closed-basin lakes that are suspected or 
known to have strong groundwater inflows or outflows, 
such as Wabamun Lake, Alberta (Crowe and Schwartz, 
1985) and Spring Lake, Alberta (Atlas of Alberta 
Lakes, 1990) were not included in this summary 
because such a groundwater influence obscures the lake 
level variations due to climate and surface runoff. Lake 
salinity is a useful indicator in this regard because lakes 
that are occasionally or continually flushed by surface 
or subsurface outflow do not have high salinity.

The main purpose of the study is to provide 
data that will help to shed light on the relationship 
between lake levels, climate and land-use changes. 
Lakes which are strongly influenced by large water 
management structures such as dams and diversions 
were therefore excluded. Of course, all the lakes have 
been influenced to at least a small degree by many 
small man-made structures such as culverts, ditches, 
dugouts and drainage. A full evaluation of such effects 
for each lake was not within the scope of the study, 
but may be essential for assessing the causes of water 
level changes. 

On the basis of the above criteria, 16 lakes in the 
Canadian prairie region were selected for the regional 
compilation and comparison of water level data. Data 
for Devils Lake in North Dakota have also been 

included because the water level changes for Devils 
Lake provide an interesting contrast to the water level 
changes for the Canadian lakes. The locations of the 
lakes considered in this study are shown in Figure 1 
and basic parameters for the lakes are summarized 
in Table 1. Lake areas and measured water depths at 
the deepest part of each lake were interpreted from 
bathymetry maps. The years when the bathymetry 
was mapped are also reported since the water depths 
as shown on the bathymetry maps are obviously 
dependent on the water levels at the time of the 
measurements. Additional details for the individual 
lakes are given below. This selection of prairie lakes is 
not intended to be exhaustive because there are many 
more prairie lakes that would meet the above criteria, 
but is intended to provide a regional overview of lake 
level changes that sets a context for more detailed 
studies of individual lakes.

Most of the lake level data were compiled from 
existing hydrometric data held by government 
agencies, including the Water Survey of Canada’s 
HYDAT record, records held by the Saskatchewan 
Watershed Authority and records obtained from 
Alberta Environment. The sources of the data for each 
of the lakes are summarized in Table 1. Additional 
water level data were obtained from technical reports, 
and from miscellaneous records held by government 
agencies. Data were only included if a clearly defined 
source of the data is available and if there is reasonable 
assurance that the data are reliable and reflect actual 
measurements. For several cases reported water levels 
that appeared to be based on measurements turned 
out to be derived from simulations. All such simulated 
“data” were excluded. The 1919 to 1931 water level data 
for Big Quill Lake, Saskatchewan were not reported 
relative to a geodetic datum. The original benchmark was 
located based on the site description and its elevation 
was determined by surveying, thus relating the early 
and later (post 1956) water level data together. Lake 
levels listed in early topographic elevation summaries 
(Wallace, 1924) could not be used because the reported 
elevations are not associated to a date or year, but the 
water elevations listed in these reports were generally 
consistent with the water level records for the years 
preceding publication of the reports.

For some of the lakes where water level records 
are of short duration or nonexistent, historic air photos 
were used to obtain an estimate of past lake levels. 
Air photos are available for most of the prairie region 
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Figure 1. Locations of lakes. Lakes are identified by numbers listed in Table 1.

commencing in the late 1940s and for some parts of 
the region there is air photo coverage from the 1920s. 
The process involved superimposing air photos over a 
map of the lake, using GIS methodology, to obtain an 
estimate of the location of the water’s edge at the time 
of the air photos. The elevation profile of the present-
day lake margin land was then obtained by means of 
on-site surveying, and the past water level elevations 
were estimated from the location of the past lake 
margins along the present-day beach profile. There 
are errors associated with this method, due mainly 
to difficulty in identifying the exact locations of the 
water’s edge on air photos, and to unknown changes in 
the beach profile over time. The possible error in water 
level elevation obtained on the basis of air photos is 
estimated to be about ±0.5 m, corroborated by air photo 

results for Redberry and Kenosee Lakes for years when 
water level records are also available. 

The Canadian prairie region was repeatedly 
surveyed between about 1880 and 1920 for the purpose 
of defining legal land locations for settlement. These 
surveys generally include detailed notes on the locations 
and margins of surface water bodies. In principle, 
therefore, the early surveys can be used in a manner 
analogous to air photos, for determining historic water 
levels prior to extensive European settlement and 
the ensuing land-use changes. The instructions for 
the surveyors state: “The bed of a body of water has 
been defined as the land covered so long by water as 
to prevent vegetation, and the bank is the line where 
vegetation ceases” and “.. for a lake or navigable river, 
the line to be traversed is the bank” (Department of 
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Table 1. Summary of lake attributes.

# Lake Province/

State

Lat. 

(deg)

Long. 

(deg)

Gross 

Drainage 

Area 

(km2)

Approx. 

Lake Area 

(km2)

Measured 

Depth1  

(m)

Year of area 

and depth 

measurement 

and reference2

Current 

source 

of water 

level2

Other 

sources of 

water level 

data2

1 Little Fish AB 51.38 -112.23 157 7 3 1983 AAL AE AAL, Field 
Surveys, Lake 
dry in 2005 
AU

2 Lower Mann AB 54.18 -111.52 148 5 6.1 1966 AAL AE AAL
3 Upper Mann AB 54.14 -111.50 116 5 9.1 1966 AAL AE AAL
4 Muriel AB 54.15 -110.68 532 64 10.7 1962 AAL AE WSC, AAL
5 Manito SK 52.78 -109.71 13,000 86 25 unknown B SWA WSC
6 Redberry SK 52.69 -107.17 1120 52 18 1974 VS SWA WSC, VS, 

Aerial Photos
7 Little 

Manitou 
SK 51.74 -105.52 3180 18 2.1 1962 B SWA WSC

8 Lenore SK 52.51 -104.97 2220 693 6.1 1974 SWA SWA WSC
9 Waldsea SK 52.28 -105.20 214 5 14.3 1974 C SWA WSC

10 Big Quill SK 51.89 -104.36 8760 249 2.5 1962 B WSC  
11 Little Quill SK 51.91 -104.08 4490 195 1.7 1962 B WSC  
12 Fishing SK 51.84 -103.54 634 38 22 1997 O SWA WSC
13 Kenosee SK 49.82 -102.30 141 8 8 1979 B SWA WSC, Aerial 

Photos, 
Aaston 
(1983)

14 Whitebear SK 49.78 -102.25 183 9 15 1960 B SWA WSC, Aaston 
(1983)

15 Oro SK 49.78 -105.35  n/a 0.5 6.1 1994 LV AU Aerial 
Photos, 
Surveys 
2004/5/6

16 White Water MB 49.23 -100.33 733 763 1.8 2006 WSC WSC Lake dry in 
1990

17 Devils ND, USA 48.00 -98.90 9870 542 15 2005 USGS USGS Lake dry in 
1940

(1) ”Measured Depth” is the water depth in the deepest part of the lake. 
(2) Abbreviations: AAL: Atlas of Alberta Lakes; AE: Alberta Environment; AU: authors of this paper; B: 

Bathymetry map, Government of Saskatchewan; C: Chamulak (1999); LV: Last & Vance (2002); O: 
Oegema (2001); SWA: Saskatchewan Watershed Authority; USGS: United States Geological Survey; VS: 
Van Stempvoort et al. (1993); WSC: Water Survey of Canada (Environment Canada -HYDAT Database).

(3) Estimated from Google Earth image available 2007.
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the Interior, 1903, p. 22). Van Stempvoort et al. (1993), 
in their study of Redberry Lake, used the records of 
Dominion Land Surveys to determine the early water 
levels based on the location of the “banks” during 
repeated surveys of the area. A typical quote from the 
Land Survey field notebooks reads as follows: “Set 
instrument at Station 5 on bank of lake, land slopes 
gently toward the lake, water is 8’[feet] deep out 5.00 
ch’s [chains]” (Field notes of stadia traverses in Tp 43-
9-3, Tp 43-8-3, Tp 44-8-3, Province of Sask., surveyed 
by P.J. McGarry, July 8 to July 19, 1918, p. 14). For this 
example the fact that the water was 2.4 m deep at a 
distance of only 100.6 m (1 chain = 66 feet = 20.12 m) 
from the “bank”, with a gentle slope, suggests that the 
actual water’s edge was close to the “bank” and that the 
water level was probably less than one meter below the 
elevation of the “bank”. Water levels estimated from 
the early land surveys should therefore 
be treated with some caution. Strictly 
speaking they represent a high water 
mark and not necessarily the actual 
water level.

 For some of the lakes local 
knowledge was gathered by means 
of interviews with people living near 
the lakes. These interviews did not 
provide any directly usable water level 
data—not surprisingly because very 
few people would go to the trouble 
of measuring water level relative to a 
permanent benchmark. However, the 
interviews did provide photos and eye 
witness reports (and plenty of stories) 
that corroborated the water level data 
obtained from more quantitative 
sources.

Figure 2 shows ten years of 
detailed water level records for three 
of the lakes, illustrating the typical 
annual pattern: a slow water level 
rise in winter due mainly to snow 
accumulation on the ice, a more rapid 
rise in spring during snowmelt runoff 
and a subsequent decline of the 
water level during the summer when 

runoff is small and evaporation exceeds precipitation. 
The more erratic water level excursions for Big Quill 
Lake may be related to the shallow nature of the lake. 
For the purpose of the long-term water level records 
reported in this paper only one representative annual 
value is used, equal to the average water level for the 
open-water season. In many instances only one or a 
few manual water level measurements are available in 
one year and for such cases the water level for the year 
is reported as the average of the measurements for that 
year. The yearly water levels, as shown in the subsequent 
figures, are therefore subject to a possible error of less 
than about 0.2 m when multiple measurements are 
available, but may have possible inaccuracies of as much 
as 0.4 m for the few cases where only one measurement 
is available. More detailed analysis of individual lakes 
should be based on the complete data.

Figure 2. Details of water level data for Muriel Lake, AB, Redberry Lake, 

SK and Big Quill Lake, SK.
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Results – Lake Water Level Data

Water level changes for ten representative lakes over 
the period 1910 to 2006 are shown in Figure 3. Water 
level data for others of the 16 selected Canadian lakes 
are shown in the figures that accompany the following 
lake-by-lake notes. To facilitate comparison of lake 
levels, data in some of the figures are shown as changes 
of lake level, rather than as elevations of lake level 
above mean sea level, because elevations differ widely 
from lake to lake whereas it is the changes that are the 
main concern. Where appropriate the data are plotted 
as elevation above sea level. All the lakes are discussed 
in turn, going from west to east.

Little Fish Lake, AB

Water level data for Little Fish Lake AB, 1973-2004 
(Figure 3) were obtained from the Alberta Environment 
data base. The 1939 water level is reported in the Atlas 
of Alberta Lakes (1990), which also mentions that 
the 1939 level “appeared to have declined since the 
topographic survey of the lake area in 1920”, indicating 
that the observed water level decline started before 
1939. In October 2004 and May 2005 Little Fish Lake 
was observed to contain no significant standing water. 
A boat launch ramp and beach at the Provincial Park 
on the east side of the lake have been left high and 
dry by the declining water level. Gull Lake, about 150 

km to the northwest of Little Fish Lake, 
experienced a similar water level decline 
of 2.7 m between 1924 and 1976, prior to 
diversions into Gull Lake beginning 1977 
(Atlas of Alberta Lakes, 1990).

Muriel Lake and Upper and Lower 
Mann Lakes, AB

Water level data for Muriel Lake and 
Upper and Lower Mann Lakes, located 
in near proximity in east-central Alberta, 
all show a similar declining trend since 
about 1980 (Figure 4). Other closed-
basin lakes in east-central Alberta (e.g., 
Bonnie, Dilberry) show similar trends. 
Cooking Lake, located about 150 km 
to the southwest, has exhibited a long-
term decline of water level of about three 
metres since 1897, attributed to unusually 
high precipitation in the 1890s (Atlas of 
Alberta Lakes, 1990). 

Manito Lake, SK

The decline of the water level of Manito 
Lake, SK between the 1920s and the 
present is corroborated by 1922 and 1955 
photographs, taken obliquely across the 
lake from the regional park at the north-
west corner of the lake, which show that 
what was “Sugar Loaf Island” in 1922 
was joined to the mainland by a narrow 

Figure 3. Water level changes for ten representative lakes, 1910-

2006. Dashed lines connecting separated data points do not 

indicate water levels between the points. “D” indicates that the 

lake was dry at the time of measurement.
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peninsula in 1955 (Big Manitou Lake Historical 
Association, 1981, Vol. 1, p. 877). The “island” was a 
broad peninsula on October 25, 2005. 

Redberry Lake, SK

Water levels of Redberry Lake, SK prior to 1966 
(Figure 3) were estimated by Van Stempvoort et al. 
(1993) on the basis of air photos (1946) and Canada 
Dominion Land Survey records (1884, 1903, 1904 
and 1918) showing the location of the “bank” of the 
lake. Additional surveys based on air photos (1957 and 
1978) were carried out to complement these earlier 
results. Water salinity doubled between the 1920s and 
the 1980s consistent with the nine metre decline of the 
water level between 1918 and 1989, which corresponds 
to an approximately 50% reduction in the lake’s water 
volume (Hammer, 1990; Van Stempvoort et al., 1993). 

Little Manitou Lake, SK

Water level data for Little Manitou Lake, SK 
(Figure 5) were obtained from two separate sources; 
the Water Survey of Canada HYDAT database and 
by personal communication from Saskatchewan 
Watershed Authority (SWA) staff (pers. com., R. 
Kirkness, June 10, 2005). The latter data, which are in 
the form of a plot of minimum and maximum water 
levels for each year, represent the only lake level data 
for the prairie region that are continuous through the 
1930 to 1960 period and are therefore of unique value. 
Where the two datasets overlap (Figure 5) they are not 
identical but in relatively close agreement. The SWA 
data are therefore judged to be sufficiently reliable, but 
precise documentation is lacking on how these data 
were obtained. Starting in 1966 significant additional 
water was added to the lake most years from outside 
its drainage basin and the data from 1966 onward 
are therefore judged to be of little value for assessing 
regional trends. 

Figure 4. Water level data for Muriel, Lower Mann and Upper Mann Lakes, AB.
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Waldsea Lake, Lenore Lake, Fishing Lake, SK

These three lakes in east-central Saskatchewan 
experienced similar water level changes since the 1960s 
that are also similar to the changes measured for Big 
and Little Quill Lakes located in the same general area 
(Figure 6). However, water levels in Waldsea, Fishing 
and Little Quill lakes rose after the mid-1960s, in 
contrast to other lake level records. Oegema (2001, p. 
8) mentions anecdotal reports of high water levels in 
Fishing Lake in the 1920s, but indicates that there is 
no evidence that the water levels in the 1950s were as 
high as in the 1920s. This is consistent with the water 
level records for Little Manitou Lake (Figure 5) and 
for Big Quill Lake (Figure 6), which indicate that lake 
levels in the area during the 1920s were considerably 
higher than in the 1950s. 

Big Quill Lake and Little Quill Lake, SK 

The water level elevation for Little Quill Lake lies 
slightly higher than for Big Quill Lake (Figure 6) and 
water can flow from Little to Big Quill Lake when 

water levels are sufficiently high. Estimated water 
depths in Big and Little Quill Lakes in 1952 (Tomkins, 
1953) were about 1 to 1.5 m less than the depths 
measured in 1962 (Table 1) as part of bathymetry 
surveys, indicating that the 1952 water levels in these 
lakes were about 3 m lower than the maximum levels 
recorded in 1957. 

Kenosee/Whitebear Lake, SK

Water level data for Kenosee Lake, SK (Figure 7) 
prior to 1964 were determined by means of air photos 
(1949, 1959 and 1979) combined with ground surveys 
and from a report (Aaston, 1983) which states that 
the lake overflowed in 1928 when the sill elevation 
was 742.2 m asl. The overflow from Kenosee Lake 
enters Whitebear Lake; however, such an overflow 
has apparently not occurred since 1928. Approximate 
water levels in Whitebear Lake in 1928, 1945, 1956 
and 1982 are given by Aaston (1983). The declining 
water levels in Kenosee and Whitebear Lakes have 
exposed old stumps still rooted in the ground, proof 

Figure 5. Water level data for Little Manitou Lake, SK.
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Figure 6. Water level data for Waldsea, Fishing, Lenore, Little Quill and Big Quill Lakes, SK.

Figure 7. Water level data for Kenosee and Whitebear Lakes, SK.
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of extended periods of even lower water levels in the 
distant past (Aaston, 1983; Nemanishen, 1998, p. 39).

Oro Lake, SK

Oro Lake SK is a small lake located in the hills of the 
Missouri Coteau with no obvious water management 
structures. Water levels for Oro Lake (Figure 3) were 
obtained by means of air photos and ground surveys. 
There are no regular water level monitoring data 
available for Oro Lake, but it was selected for further 
study because it is located in the dry south-central 
portion of the prairie region where all lakes for which 
water level records are available are strongly influenced 
by dams and diversions. Oro Lake has also been studied 
from a paleolimnological perspective (Last and Vance, 
2002), which showed that the lake has gone through 
large changes of salinity, but has never fallen dry during 
the Holocene Period.

White Water Lake, MB

No deep terminal lakes with useful water level records 
were identified for the Manitoba portion of the prairie 
region. Water level records are available for White 
Water Lake, MB, a shallow lake which has fallen dry 
repeatedly during dry periods. These data, included in 
the overview (Figure 3), only indicate the occurrence of 
wet periods, but can not provide any clear indication of 
long-term water-level changes. Goff (1971) reported 
that early in the twentieth century the three currently 
separated Shoal Lakes basins, 230 km northeast of 
White Water Lake, formed one large lake on which 
a steamboat operated, indicating that there has been a 
long-term decline of lake water levels in south-central 
Manitoba. Water level records for North Shoal Lake, 
MB, the northernmost of the three Shoal Lake basins, 
do not show a clear pattern of declining or increasing 
water level from 1976 to 2005 (Water Survey of 
Canada, HYDAT).

Devils Lake, ND

The long-term, 1820 to 2006 water level records for 
Devils Lake, ND (Figure 8) are of interest with regard 
to long-term lake level trends in Canada because 

the lake and its watershed lie relatively close to the 
Canadian border. For the sake of comparison Figure 8 
also includes the long-term records for Redberry Lake, 
SK (including pre-1910 data not plotted in Figure 3), 
Little Manitou Lake and Kenosee Lake – the Canadian 
lake which lies nearest to Devils Lake.

Discussion

Long-Term Regional Patterns of Water Level 
Changes

Most of the closed-basin lakes across the region show 
a long-term water level decline from about 1920 to 
the present (Figure 3). This pattern holds from south-
central and east-central Alberta, through central and 
southeast Saskatchewan. This general observation is 
corroborated by early reports and by informal local 
knowledge which generally reports higher water levels 
in closed-basin lakes early in the twentieth century than 
at present. Rawson and Moore (1944), for example, 
reported that in many locations former lakes had 
entirely dried out. Hammer (1990) presented salinity 
data for the period 1922 to 1988 that are consistent 
with the water level data for Manito, Redberry, Little 
Manitou and Big Quill Lakes given in this paper in 
the sense that in general the decline of the water levels 
has been accompanied by an increase of salinity. 

No suitable lakes with useful water level records 
were identified in the south-central portion of the 
prairie region (Figure 1). All lakes with long-term 
water-level records in this area appear to be strongly 
affected by dams and diversions. In an attempt to 
fill this data gap, water levels for Oro Lake, SK were 
determined on the basis of air photos going back to 
1946 (Figure 3). The results indicate that there may 
not have been a clear decline of lake water levels in 
this region, in contrast to the wetter parts of the prairie 
region. 

Several lakes in east-central Saskatchewan 
(Waldsea, Lenore, Fishing, Little Quill) experienced 
rising water levels from the 1960s onward, while water 
levels of other lakes in the region (Redberry, Big Quill, 
Kenosee, see Figure 3) continued to decline. It may be 
that the somewhat anomalous pattern of rising water 
levels is due higher precipitation or lower evaporation 
in the area, starting in the 1960s. However, the lakes 
in question generally occur in a low-relief landscape 
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and it may be that these lakes are especially sensitive 
to agricultural drainage and changes of land-use in 
their watersheds. Chamulak (1999) concluded that the 
combined effects of large drainage projects constructed 
in the Waldsea Lake watershed between 1965 and 
1997 increased the effective drainage basin area of the 
lake and may have led to a lake level higher by about 
2.4 m compared to what the level would have been in 
the absence of drainage.

In contrast to the long-term pattern of declining 
lake levels in the Canadian prairie region, water levels 
for Devils Lake, ND have risen since the 1940s, after 
a decline during the first part of the twentieth century 
(Figure 8). This contrast is the more remarkable if one 
considers the continuing decline of the water level of 
Kenosee Lake, SK whose drainage basin lies within a few 
hundred kilometres of the Devils Lake drainage basin. 

Causes of Lake Level Changes

The water level changes of closed-basin lakes are 
a function of the balance between three processes: 

precipitation on the lake, runoff to the lake from the 
watershed and evaporation from the lake. Each of 
these involves complex interacting processes and is 
difficult to measure and model. Closed-basin lakes 
pose a special challenge to hydrological understanding 
because the lake level changes reflect cumulative 
departures from the long-term average of precipitation 
plus runoff minus lake evaporation. Thus, even small 
systematic errors and uncertainties in input data and 
modelling can lead to significant differences between 
long-term simulated and measured lake levels.

The maximum rises of water level for the available 
lake level records do not exceed one metre per year. 
Such a limit on water level increases is not a given, 
considering that for lakes with large ratio of gross 
drainage basin area to lake area a high spring runoff can 
in principle produce much larger water level rises. For 
example, Manito Lake, SK has a gross drainage area of 
about 13,000 km2 (Table 1) drained largely by Eye Hill 
Creek with headwaters in east-central Alberta. With 
a lake area of about 83 km2, the gross drainage basin 
to lake area ratio is 160, so that only ten mm of runoff 
from the gross drainage basin would cause the lake 

Figure 8 Long-term water level changes for Devils Lake, ND (USA), Kenosee Lake, SK, Big Quill 

Lake, SK, Little Manitou Lake, SK and Redberry Lake, SK.
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level to rise by 1.6 m. The fact that no such rises have 
occurred during the period of available records may 
be largely a function of comparatively dry conditions 
so that most runoff is trapped in depression storage 
upstream from the lake and therefore the effective 
drainage basin area for the lake has been much smaller 
than the gross drainage area. The high lake levels early 
in the twentieth century indicate wetter conditions 
around that time. Large and rapid rises of lake levels 
could occur were a prolonged wet period to return.

Multi-year declines of the lake water levels rarely 
exceed 0.40 m/year (e.g., Big Quill Lake from 1957-
1962, 0.32 m/year; Little Fish Lake from 1987-1992, 
0.39 m/year), while year-to–year declines rarely exceed 
0.45 m (e.g., Little Manitou, 1960-61, 0.45 m; Upper 
Mann, 1991-92, 0.43 m; Kenosee, 1988-89, 0.48 m). 
The largest year-to-year decline of the lake water levels 
occurs in years with little or no runoff to the lakes, low 
precipitation, and strong evaporation. In the slightly 
wetter parts of the prairie region where most of the lakes 
in question are located, the average annual precipitation 
lies in the range of 300 to 500 mm (Fisheries and 
Environment Canada, 1978). Average annual lake 
evaporation in the region is less well-defined. Morton 
(1983) indicates lake evaporation in the range of 600 
to 750 mm, while the Hydrological Atlas of Canada 
(Fisheries and Environment Canada, 1978) indicates 
a range of 700 to 900 mm. The lake level declines in 
dry periods with little runoff can therefore be expected 
to generally lie in the range of 200 to 600 mm. The 
observed water-level declines are consistent with the 
excess of estimated lake evaporation over precipitation, 
together with relatively little runoff in dry years.

The prairie region has undergone continuing land-
use change for at least a century and the hydrological 
consequences are important. Permanent grass cover in 
the prairie region has been shown to increase infiltration 
and decrease runoff as compared to cultivated land 
(van der Kamp et al., 2003; Bodhinayake and Si, 2004). 
Hence the land-cover change from native prairie grass 
to cultivated land during the twentieth century would, 
by itself, be expected to have led to an increase of surface 
runoff and an increase of lake levels. More recently there 
has been a decline in the amount of summer fallow 
and an increase in conservation tillage, tall stubble and 
continuous cropping. These changes of agricultural 
practices would tend to decrease runoff (Elliott et al., 
2001) and may be partly responsible for the decline of 
lake levels in the last two or three decades. In addition 

to the effects of land-use changes the effects of dams, 
dugouts, ditches and wetland drainage need to be 
taken into account – an arduous task, especially for the 
larger drainage basins. While such artificial influences 
may have relatively small impacts for high runoff years, 
it is conceivable that small but persistent changes of 
runoff to the lakes could lead to long-term upward or 
downward trends in lake water levels. Stream runoff 
in the prairie region is showing a decreasing trend 
(Zhang et al., 2001) indicating that the decline of lake 
levels is related at least in part to a decline of runoff to 
the lakes.

Bonsal and Regier (2007) studied long-term 
moisture trends for the prairie region using the Palmer 
Drought Index, based mainly on precipitation and 
temperature, and the Standardized Precipitation 
Index. They concluded that (p. 240): “the worst and 
most prolonged Prairie-wide droughts during the 
instrumental record (1915-2002) have occurred in 
the early part of the twentieth century (1915 through 
1930s) with individual drought years also in 1961 and 
1988” – an observation that would appear to be contrary 
to long-term decline of the lake levels in the latter half 
of the twentieth century (Figure 3). Smaller water level 
variations are overlaid on the long-term regime, such 
as the higher levels in the late 1950s and the low levels 
in the early 1990s. These appear to have occurred over 
much of the region and appear to be related to wet and 
dry periods as indicated by variations of the climate 
indices presented by Bonsal and Regier (2007, Figures 
5 and 7). 

Temperatures, especially spring-time temperatures, 
have risen during the twentieth century (Bonsal and 
Prowse, 2003), and therefore it may be that lake levels 
are declining mainly due to increased evaporation 
losses resulting from increased lake water temperatures 
and the increased length of the ice-free period when 
evaporation can occur. Austin and Colman (2007) have 
shown that for Lake Superior the water temperatures 
are increasing more rapidly than air temperatures due 
to the declining length of the winter ice cover period. 
Over-water wind speeds are also increasing. Burn and 
Hesch (2007), using the Meyer equation for evaporation 
from moderate-sized water bodies, report a declining 
trend in annual evaporation throughout the Canadian 
prairie region between 1959 and 2000, although 
with a small increasing trend for April. However, the 
Meyer equation is based on records of wind speed and 
air temperature at on-land climate stations and may 



36 Canadian Water Resources Journal/Revue canadienne des ressources hydriques

 © 2008 Canadian Water Resources Association

not fully account for possible increases of lake water 
temperature and over-water wind speed. 

The rise of water level in Devils Lake, ND is largely 
related to an increase in precipitation (Todhunter and 
Rundquist, 2004; Winter and Rosenberry, 1998). 
Water level data for wetlands at the Cottonwood, ND 
site, just south of Devils Lake, show a marked rise of 
water level between 1993 and 1997 and persistent high 
water levels after that (Winter and Rosenberry, 1998; 
and Rosenberry, pers. comm.). Since land-use at the 
Cottonwood site (undisturbed grass) has remained 
unchanged for many years (Rosenberry, pers.com.) it 
is clear that the increase of water levels at the site is 
not due to land-use changes, but is primarily caused by 
climatic change. 

It is noteworthy that where two closed-basin lakes 
are adjacent to each other, with overflow from one 
moving to the lower-lying one, the water level changes 
for the lower lake tend to be greater than for the 
upper lake (Little and Big Quill Lakes (Figure 6) and 
Kenosee and White Bear Lakes (Figure 7). The reason 
for this pattern is apparent: during a wet phase, such as 
occurred early in the twentieth century, the upper lake 
will spill its excess water to the lower lake, so that the 
lower lake has an effective drainage basin that includes 
its own as well as the upper lake drainage basin. During 
a drying phase, as seen over the later part of the century, 
the upper lake intercepts the runoff from its watershed 
without passing it on to the lower lake. The effective 
watershed area of the lower lake is thus decreased and 
its water level declines faster because evaporation from 
its open-water area is now larger than can be supported 
by runoff from the effective watershed area. It follows 
that if a wetter climate cycle returns to the prairie 
region the consequent rise of lake water levels is likely 
to be most pronounced in the lowest-lying lakes which 
receive runoff via higher lakes. 

Groundwater flow to or from the lakes is often 
invoked to explain lake level changes that are not well 
understood on the basis of surface hydrology. For any 
particular closed-basin lake the rise of water level during 
the winter ice-covered period can provide a useful clue 
in that regard. Groundwater flow continues during 
the ice-cover season and, if it is significant, would be 
evidenced by a lake water level rise greater than the 
snow accumulation in the case of groundwater inflow 
to the lake, or a smaller rise for groundwater outflow. 
For most lakes (Figure 2) the observed winter-time 
rises are consistent with loading by snow accumulation 

on the ice, which typically would amount to between 
50 and 100 mm of snow water equivalent. Such winter-
time rises are therefore also consistent with a minor 
influence of groundwater flow on the water balance of 
these lakes. As mentioned at the outset, lakes where 
strong groundwater effects have been documented or 
are suspected were excluded from this study. However, 
more detailed examination of lake water balances 
would be strengthened by precise measurements of 
water level changes and snow accumulation on the 
ice during the winter ice-covered period, to quantify 
groundwater exchanges.

Most of the lake water level data, especially the 
more recent information, reside in publicly accessible 
databases held by governmental agencies. However, 
some of the older and most valuable data came from 
a variety of reports and informal sources, sometimes 
stumbled on by fortuitous accident. It is hoped 
therefore that publication of this paper may lead to 
the identification of additional historic lake level data. 
Reliable water level data from before the 1960s would 
be especially helpful for the study of long-term lake 
level trends. 

For most of these closed lakes the elevation of the 
lake outlet does not appear to be available, but it is 
an important parameter for understanding long-term 
water-level and salinity regimes, including prediction 
of maximum possible water levels. The present-day 
spill elevation may be controlled by the presence of 
roads, culverts and ditches and may differ from the 
historic spill elevation.

Paleolimnology studies in the region have shown 
that large long-term changes in lake salinity and 
sediment accumulation have occurred throughout the 
Holocene period. For the last 100 years climate and 
land-use data are available so that a direct hydrological 
analysis is in principle feasible. It seems fair to state 
that if the documented changes of water level over 
the past century are not understood, even with the 
available climate and land-use data, then predictions 
of future lake-level trends under various scenarios 
of climate and land-use change would be tenuous at 
best. The observed lake level changes, together with 
the uncertainty as to the causal mechanisms of the 
changes, suggest opportunities for further research 
that can enhance our understanding of past and future 
lake conditions, and sharpen our understanding of 
prairie hydrology.
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