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EXECUTIVE SUMMARY 

The Southern Chiefs Organization identified a study area in southern Manitoba where they 
wished to estimate the area of shoreline changes possibly caused by dams and other water 
control structures.  We located images of the oldest available “three-mile sectional maps” (three 
miles to one inch or 1:190,080) dated between 1915 and 1926 that had been scanned or 
photographed by the University of Manitoba.   We filled in the missing areas within the study 
area using three National Topographic System (NTS) map sheets (four miles to one inch or 
1:253,440) dated 1926 and 1928, which we scanned from hard-copy maps at the University of 
British Columbia.  We georeferenced all map images with ArcGIS software using control points 
from the quarter-section and township survey grids downloaded from the Manitoba Lands 
Initiative.  For the “three-mile sectional maps”, we used an equal area projection with a Clarke 
1866 spheroid, setting the central meridian to the middle of each map sheet.  For the NTS maps 
we used UTM Zone 14 and 15 projections as appropriate with a NAD 27 datum.   We rectified 
the maps using a “spline” transformation resulting in a total RMS error of zero in all cases.  
Along the Winnipeg River, Grand Rapids, South Lake Winnipeg, Fairford, and Shellmouth, we 
identified possible shoreline changes near dams, dikes, and levees where we vectorized the 
historic shorelines using the ArcScan extension.  We combined these historic shorelines with 
current CanVec shorelines using the “Union” geoprocessing tool.  We estimated the total land 
area flooded to be 76,853.1 acres or 313.9 sq km and the total land area drained to be 4,982.6 
acres or 20.2 sq km.   We created superoverlays from the georeferenced images using MapTiler 
software and loaded these data on a webserver.  Using a network link, the data may be viewed 
with Google Earth software.  The results must be used with caution as we estimated the known 
horizontal positional error to be between 21 m to 179 m.  These historic maps provide a valuable 
reconnaissance level overview of southern Manitoba as it existed almost a century ago.  By 
comparing the historic maps to the underlying Google Earth satellite data, they will serve as 
useful educational tool for understanding historic landscape change. 
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ESTIMATE OF SOME SHORELINE CHANGES IN SOUTHERN MANI TOBA  

USING HISTORIC THREE-MILE SECTIONAL MAPS 

Introduction 
 
On March 13, 2011 the Southern Chiefs Organization contracted Cizek Environmental Services 
to: 
 

1) Locate 1917-era map sheets from University of British Columbia (UBC) special 
collections archives that cover the same geographic area as the 15 selected 1:250,000 
National Topographic System (NTS) map sheets. Arrange to use a large-format 
digital scanner at UBC; scan all 22 maps from 1917-era at 300 dpi in tiff format. 

 
2) Georeference 1917-era map sheets; load into Geographic Information Systems (GIS) 

mapping software; digitize lake Winnipeg and adjacent major waterbody shorelines 
 

3) Download current NTS data; load into GIS mapping software; compare to historic 
Lake Winnipeg and adjacent waterbody shorelines; identify shoreline changes; 
prepare final report; load scanned historic images and vector data into Google Earth 
and Maps.  
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Methods 

Identification and Scanning of Historic Map Sheets 
 
The Southern Chiefs Organization identified a study area using 1:250,000 National Topographic 
Series map sheet grids, as shown in Figure 1. 
 

 
Figure 1 Study Area identified by 1:250,000 NTS map sheets 

We originally intended to scan and georeference the oldest National Topographic Series maps at 
four miles to one inch (1:253,440) published starting in 19261 that were available in hard-copy at 
the University of British Columbia map library.  

                                                
1 Nicholson, N.L. & Sebert, N.L. (1981). The maps of Canada: a guide to official Canadian maps, charts, atlases 
and gazetteers.  Folkestone, Kent: Dawson. p. 182. 
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The map librarian at the University of British Columbia,2 suggested using even older three mile 
to one inch (1:190,080) sectional maps (hereafter referred to as the “three-mile sectional maps”) 
in combination with some National Topographic Series maps to fill in the missing grids within 
the study area, as shown in Figure 2: 

 

Figure 2 Available three-mile sectional maps at the University of British Columbia map library and available National 
Topographic Series maps to fill in the gaps. 

  

                                                
2 Tim Ross,  Map  &  Reference Librarian,  Koerner Library, University of British Columbia 1958 Main Mall,   
Vancouver, B.C.  V6T 1Z2  Phone:  (604) 822-6191    Fax:  (604) 822-9122  Email:   tim.ross@ubc.ca 
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We then discovered that the University of Manitoba Archives and Special Collections had 
already digitized and uploaded most of the three-mile sectional maps within the study area on an 
internet photo-sharing site.3  On this web-site, it is not stated whether these maps had been 
scanned (more accurate) or photographed (less accurate).  We emailed the anonymous person 
who had uploaded the maps,4 but we did not receive a response.   

On this web-site, the only missing map sheets within the study area were sheets 273 Poplar River 
and 174 White River.5  We substituted these maps with National Topographic Series sheets 52L 
Point du Bois, 52M Carrol Lake, and 63A Berens River respectively, which we borrowed in 
hard-copy from the University of British Columbia library.  We took these hard-copy sheets to a 
commercial reproduction business, which scanned these two hard-copy maps as 300dpi jpgs on a 
large format scanner.6  

The outlines, names, and dates of the selected map sheets are shown on Figure 3. 

 

Figure 3 Outlines of selected historic map sheets 

 

                                                
3 http://www.flickr.com/photos/manitobamaps/sets/72157603368772075/with/3746102895/  
4 http://www.flickr.com/mail/write/?to=11496488@N07 
5 Also, a three-mile sectional map was not located for NTS map 52D.   As discussed below, the eastern Ontario half 
of map sheet 24 Lake of the Woods in Ontario could not be geo-referenced since it did not have a sectional grid.  As 
most of NTS map sheet 52D is located in the United States, the small remaining part in Ontario was not included in 
the study area. 
6 http://www.trtrades.com 
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Georeferencing 
 
We downloaded each three-mile sectional map image from the web-site at the highest possible 
resolution: 9804 x 6781 pixels as 300dpi jpgs.  Using Photoshop7 or IrfanView8 image editing 
software, we cropped within the frame in each map.  Most maps had a vertical crease in the 
middle that showed the canvas backing where the map sheet had been folded and where the 
paper had come apart.  We cropped all maps that had this crease into east and west halves.  To 
avoid any misalignment errors from the crease, we georeferenced the east and west halves 
separately using ArcGIS Version 10 software.9 
 
We downloaded shapefiles for the township and quarter-section grid from the Manitoba Land 
Initiative10  to use as control points for georeferencing the historical map images in ArcGIS. The 
metadata for these grids are summarized in Table 1: 
 
Table 1 Summary of metadata for Manitoba township and quarter-section grids 

Data Source Horizontal Positional 
Accuracy 

Township Scanned from 1:500,000 topographic maps Not stated 
Quarter-section 
south 

“The DLS parcel boundaries for the township and 
section limits contained in this product were derived 
either from offset from the centre lines of government 
road allowances appearing on geo-referenced 
orthophotos or from digitization of 1:50,000 NTS map 
sheets.”11 

+/- 5m to +/- 150m 

Quarter-section 
north 

“The Manitoba theoretical township/quarter-section grid 
is a computed grid. It is governed by the Third System 
of Survey under which all road allowances are 66 feet in 
width.”12 

Theoretical accuracy 
+/- 100m; accuracy 
fluctuates throughout 
the grid 

 
We merged all quarter section grids within the study area and transformed the datum of the 
township grid and the merged quarter section grids from NAD83 to NAD27 to be compatible 
with the Clarke 1866 spheroid used in the three-mile sectional maps. 
 
For portions of the maps that overlap into Saskatchewan and Ontario, we downloaded the 
surveyed section shapefiles for Saskatchewan13 and the surveyed township shapefiles for 
Ontario, 14  both of which we transformed from NAD 83 to NAD 27.  The horizontal positional 

                                                
7 www.photoshop.com/ 
8 http://www.irfanview.ca/ 
9 http://www.esri.com/ 
10 http://mli2.gov.mb.ca/quarter_sec/index.html 
11 Ibid. 
12 Ibid. 
13 https://www.geosask.ca/ 
14 http://www.geologyontario.mndmf.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=EDS012 
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accuracy of the Saskatchewan sections is 5-10 metres and all the three-mile sectional maps in 
Saskatchewan have the survey grid printed on them.  However, the accuracy of georeferencing 
for the portions of the maps that overlap into Ontario is very low because only a few township 
survey lines are printed on the Ontario side of the historic maps.  Therefore, the Ontario portions 
of the maps are shown for illustrative purposes only.  Furthermore, we could not georeference 
the Ontario portion of three-mile sectional map 24 “Lake of the Woods”15 since it does not have 
any survey lines printed on it at all. 
 

Projections 
 
There is no annotation on the three-mile sectional map sheets stating any projection information.  
The most detailed projection information about these maps states:16 
 

...shortly after 1884, when the United States Coast and Geodetic Survey published tables for a 
polyconic projection, this projection was adopted for maps of this series.  The projection was 
based on Clarke’s reference spheroid of 1866 and employed zones of 8 degrees of longitude.  The 
federal government was to continue to use this projection for virtually all large-scale mapping, 
both geological and topographic, until 1926.  Canada’s first native-born projection for medium-
scale mapping was that used for the three-mile series of the Canadian Prairies... 

 
...A simple conic projection was chosen for the maps of these surveys so that the straight 
meridians and curved parallels would be maintained....To draw his graticule the cartographer 
would first draw the sheet’s central meridian.    On this he would then mark out to scale (sheets 
were drawn at two miles to the inch, but reduced photographically for printing to three miles to 
the inch) the intersections of the three baselines.   

 
According to ArcGIS on-line help, the simple conic projection is the same as the equidistant 
conic projection.17  Therefore, we set the following projection parameters in the ArcGIS 
dataframe prior to georeferencing each three-mile sectional sheet: 
 

Projection: Equidistant_Conic 
false_easting: 0.000000 
false_northing: 0.000000 
central_meridian:  Set to central meridian of each map sheet 
standard_parallel_1: 49.000000 
standard_parallel_2: 60.000000 
latitude_of_origin: 49.000000 
Linear Unit: Meter 
Datum: D_Clarke_1866  

                                                
15 http://www.flickr.com/photos/manitobamaps/3684410701/ 
16 Nicholson, N.L. & Sebert, L.M. (1981). The maps of Canada: a guide to official Canadian maps, charts, atlases 
and gazetteers.  Folkestone, Kent: Dawson. pp. 180-181. 
17 http://webhelp.esri.com/arcgiSDEsktop/9.3/index.cfm?TopicName=Simple_Conic 
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For NTS map sheet 63A Berens River, we used UTM Zone 14, NAD27 projection parameters.  
For NTS map sheets 52L Point du Bois and 52M Carroll River, we used UTM Zone 15, NAD27 
projection parameters. 

Using two diagonally opposite control points, we first roughly georeferenced each map sheet to 
1:500,000 hydrography downloaded from Manitoba Lands Initiative.18  Using the township grid 
shapefile, we then added two additional control points in diagonally opposite locations.  We then 
deleted the first two control points that we had roughly georeferenced to the 1:500,000 
hydrography.  Where the township grid crossroads did not line up with the quarter-section 
crossroads, we used the more accurate quarter section crossroads as control points.   

After adding at least 10 more control points, we used a “spline” transformation in ArcGIS.  We 
continued adding control points until all the township crossroads and lines were accurately 
georeferenced.  We added additional control points for some sectional crossroads to improve 
accuracy as required.  In all cases the total root mean square (RMS) error was zero for all map 
sheets.  As no survey grid is printed on the water areas of the three-mile sectional maps, the 
accuracy of georeferencing is limited in the areas adjacent to and covering major lakes such as 
Winnipeg, Lake Manitoba, and Winnipegosis.  

Following rectification in ArcGIS, we exported each map sheet in GeoTiff format.  Using 
MapTiler software,19 we created a tiled kml superoverlay of each map sheet for display in 
Google Earth software.20  We uploaded each superoverlay to a webserver, which is accessed 
from a network link in Google Earth. 

Estimating Shoreline Change 
 
We downloaded the Canvec hydrography (“HD”) geodatabase for Manitoba from Geogratis, 
Natural Resources Canada,21  which “offers a complete Canadian coverage by consolidating data 
from the best available sources.”22 We extracted the following entities from the geodatabase and 
converted them into shapefiles: 
 

1) Dam 
2) Dike/Levee 
3) Lake, permanent 
4) Lake, intermittent 

 

                                                
18 https://mli2.gov.mb.ca//base_maps/index.html 
19 http://www.maptiler.org/ 
20 http://www.google.com/earth/index.html 
21 http://geogratis.cgdi.gc.ca/geogratis/en/product/search.do?id=5460AA9D-54CD-8349-C95E-1A4D03172FDF 
22 http://ftp2.cits.rncan.gc.ca/pub/canvec/doc/CanVec_release_notes_en.pdf 
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We transformed the datum of the lake shapefile from CSRS NAD83 to NAD27 for compatibility 
with the Clarke 1866 spheroid used by the three-mile sectional maps.  To compare the historic 
shorelines with the present shorelines, we overlayed the Canvec lake shapefile, which has a mean 
planimetric accuracy of 23.9m,23 on the mosaic of georeferenced three-mile sectional maps in 
ArcGIS.  We concluded that the shorelines for the major lakes Winnipeg, Manitoba, and 
Winnipegosis as drawn on the three-mile sectional maps are not sufficiently accurate for reliable 
comparison to the Canvec shoreline data. 
 
We identified regions upstream and downstream from dams and dikes/levees where the shoreline 
change between the past and the present was so significant that it could not be attributed to 
accuracy issues alone.  In these regions, we vectorized the water-bodies on the three-mile 
sectional maps using the ArcScan extension in ArcGIS.24  We combined the shorelines from the 
historic three-mile sectional maps with the contemporary Canvec shorelines using the ArcGIS 
“Union” geoprocessing tool.25  We extracted those portions of the shorelines that had increased 
or decreased between the past and the present.  We calculated the area for each shoreline change 
polygon as acres and square kilometres. 
  

                                                
23 Summary statistics generated by ArcGIS for the planimetric accuracy field are:  

Count:   729 
Minimum:  16 
Maximum:  29 
Sum:   17434 
Mean:   23.914952 
Standard Deviation: 5.351144 

24 http://www.esri.com/software/arcgis/extensions/arcscan/index.html 
25 http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=union_(analysis) 



12 
 

Results 
 
As summarized in Table 2, we estimated shoreline changes in the following regions. 
 
Table 2 Summary of Estimated Shoreline Changes 

Region Pre-Development 
Historic Map(s) 

Possible Cause of 
Shoreline Change 

Land Area 
Flooded 

Land Area 
Drained 

Acres Sq 
km 

Acres Sq km 

Winnipeg 
River26 

123 Fort Alexander 1921 
73 Winnipeg 1921 
74 Minaki 1926 
52L Point du Bois 1926 
 

Series of 6 dams on 
Winnipeg river 

17,180.7 69.5   

Pinawa channel water 
diversion to Winnipeg 
River 

  812.2 3.3 

Grand 
Rapids27 
 

272 Long Point 1916 
271 Mossy Portage 1924 

Flooding of Cedar Lake 
and forebay upstream of 
Grand Rapids dam; 
flooding from new 
spillway downstream of 
Grand Rapids dam. 

36,184.3 146.4   

Cedar Lake and Collins 
Bay; unknown cause, 
may be due to inaccuracy 
of shoreline in three-mile 
sectional map. 

  4,170.4 16.9 

Fairford 172 Fairford 1919 Flooded wetlands 
downstream from 
Fairford River water 
control structure. 

2,740.0 11.1   

South Lake 
Winnipeg 

73 Winnipeg 1921 
123 Fort Alexander 1921 

Flooded wetlands 
downstream from Red 
River floodway. 

9,548.1 38.6   

Shellmouth28 121 Riding Mountain 1919 
171 Duck Mountain 1915 

Flooding upstream of 
Shellmouth dam on 
Assiniboine River 

11,193.7 45.3   

TOTAL ESTIMATED SHORELINE CHANGE  76,853.1 313.9 4,982.6 20.2 
  

                                                
26 Does not include any flooded land area in Ontario where there is insufficient georeferencing accuracy because of 
limited survey grid to establish control points. 
27 Does not include additional flooding on adjacent map sheets to the north 321 “Cedar Lake” and 322 “Grand 
Rapids”, which are outside the study area. 
28 Includes some flooding in Saskatchewan 
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For illustrative purposes, these shoreline changes are shown using screenshots from Google 
Earth in Figures 4 to 8.  Higher resolution and detail are available by viewing the network link in 
Google Earth. 

 

Figure 4 Winnipeg River estimated flooding (17,180.7 acres or 69.5 sq km) and estimated drainage (812.2 acres or 3.3 sq 
km) (not including Ontario)  

 

Figure 5 Grand Rapids estimated flooding (36,184.3 acres or 146.4 sq km) and estimated drainage (4,170.4 acres or 16.9 
sq km) (not including map sheets to the north outside study area 321 “Cedar Lake” and 322 “Grand Rapids”) 
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Figure 6 Fairford estimated flooding (2,740.0 acres or 11.1 sq km)  

 
Figure 7 South Lake Winnipeg estimated flooding (9,548.1 acres or 38.6 sq km)  
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Figure 8 Shellmouth estimated flooding (11,193.7 acres or 45.3 sq km)  

Analysis 
 
The combined known horizontal positional accuracy of the estimated shoreline change can be 
expressed as the sum of the accuracy of all the components used, as shown in Table 3. 

Table 3 Horizontal positional accuracy of shoreline changes 

Component Horizontal positional 
accuracy 

Hard-copy three mile sectional maps29 Unknown 
Distortions introduced through scanning or photography of the three-mile 
sectional maps 

Unknown 

Survey grid used for georeferencing control points 5 m to 150 m 
Georeferencing total RMS error 0 m 
Canvec waterbody data 16 m to 29 m 
COMBINED KNOWN HORIZONTAL POSITIONAL ACCURACY  21 m to 179 m 
 

Therefore, the estimates of shoreline change using the three-mile sectional maps must be used 
with caution. 

 

                                                
29 Sebert. L.M. (1967).  The Three-Mile Sectional Maps of the Canadian West. The Cartographer, 4, 112-119. does 
not provide a positional accuracy estimate. 
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Furthermore, there are instances where the three-mile sectional maps show the historic river 
channel outside the present flooded channel, for example as shown in Figures 9 and 10. 

 

Figure 9 Assinniboine river channel shown outside of present flooded area upstream of Shellmouth dam 

 

Figure 10 Maskwa river channel shown outside of present flooded area upstream of Pine Falls dam 
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As shown in Figure 11, the shoreline change upstream of the Pointe du Bois Dam is probably 
under-estimated using the three-mile sectional map 74 Minaki 1926, which is the earliest 
available on the web-site.30  Construction of the Pointe du Bois dam started in 1909, the first 
generating unit was put in service in 1911, and all construction was completed by 1926.31  We 
located the three-mile sectional map 74 called “Cross Lake” available for the years 1903 and 
1913 at the University of Western Ontario map library in London, Ontario.32  We contacted the 
map librarians to request digital copies of these maps, but we did not receive a reply. 

 

Figure 11 Estimated shoreline change upstream of Pointe du Bois dam using map 74 Minaki 1926 

Further investigation of shoreline change at the south end of Lake Manitoba is also warranted to 
identify possible flooding caused by the Portage Diversion (Assiniboine River Floodway) built in 
between 1965 and 1970.33  The three-mile sectional maps depict the south end of Lake Manitoba 
almost entirely as wetlands, as shown in Figure 12.  In contrast, a satellite image from July 29, 
2007 depicts these wetlands as water-bodies, as shown in Figure 13.  By using a more accurate 
NTS map from prior to 1965, it might be possible to determine whether the water-bodies existed 
prior to the diversion or not.  

                                                
30 http://www.flickr.com/photos/manitobamaps/2084972464/ 
31 http://www.hydro.mb.ca/corporate/facilities/gs_pointedubois.shtml 
32 http://www.lib.uwo.ca/madgic/maplists/3mile.htm 
33 http://www.gov.mb.ca/flooding/fighting/portage_diversion.html 



18 
 

 

Figure 12 Wetlands south end of Lake Manitoba maps 72 Brandon 1919 and 73 Winnipeg 1921 

 

Figure 13 Water-bodies south end of Lake Manitoba satellite image dated 7/29/2007 
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Discussion and Conclusion 
 
An older three-mile sectional map published prior to 1926 could be used to identify additional 
shoreline changes possibly caused by the Pointe du Bois dam. 

More accurate estimates of shoreline changes in the regions listed in this study could be made by 
using the largest scale National Topographic Series maps available (e.g. one-inch to a mile or 
1:63,360) that were published prior to the construction of the specific dams and other water 
control structures.  

This study demonstrates the utility of using historical maps to estimate shoreline changes 
possibly caused by dams and other water control structures.  A similar approach could be used to 
estimate shoreline changes in northern Manitoba or elsewhere in Canada and the world. 

The three-mile sectional maps provide a valuable reconnaissance level overview of southern 
Manitoba as it existed almost a century ago.  Additional important shoreline and landscape 
changes may be discovered by comparing the three-mile sectional map to the underlying 
contemporary satellite image in Google Earth by simply turning the historic overlay off and on 
or fading it in and out.  As such, it will also serve as useful educational resource for 
understanding historic landscape change. 


