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Description of the Data
The WGTPP land cover mapping was completed for the purpose of verifying applications under the Western Grain Transition Payments Program.  The program was primarily interested in cultivated land.  In these data, the land cover is identified by the item called grid_code in the polygon attribute table.  The following table describes the grid_code values:
GRID_CODE
1
Cultivated Crop Land - land that is in annually seeded crops or summer fallow

2
Forage (Hay) - land that is in perennial forage for hay or silage production (dominantly alfalfa)

3
Grasslands - land that is in perennial grasses and herbaceous species for grazing or other uses including native range, seeded tame pasture, abandoned farm areas and other non-cultivated uses (ditches, riparian areas, etc.)

4
Shrubs - land that has perennial, woody shrub coverage

5
Trees - hardwoods, mixed woods, recent burns, cut overs

6 
Wetland - intermittent water bodies, areas that have semi-permanent or permanent wetland vegetation, including fens, bogs, swamps, sloughs, marshes etc.

7
Water - permanent water bodies including lakes, rivers, irrigation canals

8 
Non-agricultural lands - land that is dominantly in a non-vegetative or non-agricultural land use, including farmsteads, roads, cities, towns, open pit mines, industrial sites etc.

9 
Clouds and shadow
10
Mud sand/saline - (Saskatchewan only)

11 
Unclassified areas - areas outside of the study area
CLASSIFICATION OF THE  SATELLITE IMAGERY:
Over 100 satellite images acquired between October 1993 and June 1995 were used in preparing the data.  Four remote sensing contractors provided the classification of the data:



Manitoba - Manitoba Centre for Remote Sensing (Winnipeg)



Saskatchewan - Saskatchewan Research Centre (Saskatoon)



Alberta - Terrain Resources Ltd (Lethbridge)



Northern Alberta and B.C. Peace - Geomatics International (Burlington).

Digital image processing involves the manipulation and interpretation of digital images.  The intent of image classification is to categorize all pixels into one of several classes or themes, based on spectral response patterns.  It is these categorized data that are used to produce thematic maps of the land cover in the image. Classification of satellite imagery consists of several steps:



- geocorrection of the image



- supervised classification



- editing.

Once the classified image data was received from the remote sensing contractors, the raster data was polygonized into an ArcInfo vector format.

GEOMETRIC CORRECTION:
Raw satellite imagery contains geometric distortions depending on the sensor design and its position relative to the earth.  Geometric correction is done to compensate for the distortions, so that the corrected image will have consistent geometric integrity.  A series of well distributed ground control points were used.  Features like highway intersections, distinct shoreline features, or railway crossings are examples of good ground control points.  These locations can be identified on the image as well as on maps for ground coordinates.  They are usually measured by UTM coordinates or by accurate latitude, longitude locations.  Once the coordinates are transformed, the satellite image overlays onto the projected map coordinates.

IMAGE CLASSIFICATION:
Image classification is done to categorize all pixels in an image into land cover classes or themes.  There are several key procedures that help in the classification procedure. Spatial pattern recognition, which considers the spatial relationship of pixels around them, uses texture, feature size, shape, directionality and context to help in the interpretation. Temporal pattern recognition uses time as the main key in identification.  Distinct spectral and spatial changes during a growing season will provide clues on multi-date imagery that wouldn?t be possible on a single date imagery.

A supervised classification method analyses the spectral properties of the various surface features and sorts them into spectrally similar categories.  Areas that represent a sample site of known cover type are called training sites. These are used to compile an interpretation key that describes the spectral attributes for each class.  Each pixel in the data set is then compared to each category in the training set which then determines other areas in the image that have similar spectral characteristics, these are then labelled with the name of the category it most looks like. An assessment is made of the accuracy, repeating the process if the classification results are unacceptable.

Classification accuracy refers to how correctly the image is interpreted compared to the ground conditions. One hundred percent accuracy is rarely obtained since a complete ground checking program would be necessary to insure that level of accuracy.  Classification accuracy can be affected by many factors such as:


-quality of the imagery.  Cloud, haze, smoke all reduce the ability of the interpreter to 
distinguish various cover types.

-date of the imagery. Cover types exhibit different growth patterns that can better be 
differentiated at certain types of the year. The use of multiple dates improve the classification accuracy.

-uniformity of cover type.  The more uniform the characteristics of the cover, the easier it is to identify, eg. With fewer potholes, shrub, or wetland areas on a cultivated quarter section, the easier it is to obtain a uniform training area.  Some filtering of the data must be done to remove small spurious pixel groups.

-availability of other data.  The final editing is done with other data sets to help reduce the confusion between cover types.  Typically it is at this stage that the ground truth information is most valuable.

Satellite remote sensing relies almost exclusively on the uniqueness of the spectral response of each cover type.  There can be some ?confusion? between classes because of the similar spectral signatures between classes.  Because TM BAND 4 senses the chlorophyll absorption rate crops at similar stages of growth confused with one another.  Forage is perennial, it is most easily and accurately classified from spring imagery where it appears as bright red, prior to cereal crops emerging.  In parts of the Prairies, however, winter wheat & fall rye can be easily misclassified as forage/hay with the early spring images.  Both crops are at approximately the same stage of growth and green up early.   On the fall imagery, harvested fields stand out distinctly, however, late harvested developing crops such as sugar beets or could be confused with forage.

EDITING
Reference data about the resources being studied, such as soils maps, crop statistics, aerial photos or field check data are used  when available to assist in the data analysis. With the aid of this reference data analysts extract the information about the type extent, location and condition of various resources where data were collected. This reference data is often referred to as ground truthing.

Ground truthing identification of cover type and cropping practice was recorded on plots of the satellite imagery. Crop calendars used in conjunction with existing aerial photos were used with different image dates during the growing season, this was done for maximum crop discrimination. Unique spectral signatures will exist at one stage during the season, so several cover types can be separated. Crops are discriminated on the basis of changing patterns, differences in planting, maturity and harvest dates for various crops this can aid in the separation of classes. Seasonal contrasts of areas under cultivation show changes in vegetation, soil moisture also changes in the fields themselves.

The images were edited to a minimum mapping area of 0.5 ha. Editing of the classification was concentrated on the cultivated and forage components for the WGTPP. In non-agricultural areas, the editing process was less rigorous.  Additional editing was done on the raster data based on information from WGTPP applicants.

ISSUES:
Manitoba
The best classification accuracy occurs in Manitoba. The Manitoba government was near completion of a land cover mapping program begun in 1988. This project used existing 1988 land cover mapping to update the land cover with 1994 imagery. The remote sensing contractor had access to very recent (1993-94) aerial photography. Typically classification accuracy of the Manitoba images is 90-95%, although the dates of the imagery were not optimal for distinguishing all classes. 

The accuracy of the forage class is somewhat more difficult to quantify because of the cropping rotation, and the date of available aerial photography.  The forage class, unlike native grassland or other classes is difficult to segregate on mid-summer  aerial photography, therefore, other reference data is used to classify and process this cover type.

In interest of having an accurate classification in Manitoba, a good deal of time was spent referencing  the 1988 land cover inventory and using it as a second date of imagery. The contractor dedicated time verifying the cultivated agricultural lands as well as the extensive forage lands on the new imagery.

Saskatchewan
In Saskatchewan, the classification  accuracy averages 93%, and ranges from 75-95%.  Less than optimal imagery dates, and an extremely wet spring (heavily flooded areas, combined with fog, and cloud cover) reduced the  accuracy in some areas.  Areas of diverse topography and soil conditions provided spectral confusion that compromised the accuracy as well.

Ducks Unlimited (DU) provided some of the data used in the land cover mapping.  The DU classification system concentrated on wetlands, resulting in many more small polygons than is evident in the rest of the province.  Although the DU classified data was amalgamated into the 10 grid_codes, these sheets have a speckled appearance when joined with the an adjacent scene or map sheet.

Map sheets on the very extreme west of the province have small areas of unclassified (grid_code 11) data. These occur because of the skewing of the map sheets in UTM zone 13 coordinates.  This causes a rotational shift of the sheet, resulting in small slivers being missed when they were cut into the NTS sheets.

Alberta
The contractors for the Alberta and B.C., used an unsupervised classification on each image independent of one another, for each date for each scene. Notes were kept as to which classes were problematic and which were well defined. An ArcGrid model was developed to combine two dates of imagery that would retain the best results from each date and create a single coverage for that scene.  The classifications were then joined to create a mosaic for the entire study area, an effort was made to retain the best results by giving precedence to the better scene in cases where overlap existed. TM band 4 was used in the mosaic process to facilitate editing. A 1:100 000 plot was created for each 1:50 000 sheet and editing took place on the plots.  These edits were then transferred to the digital version of the classification.  Where the shape was correct but the grid_code value was not, the grid_code value was changed. Where shape or boundary needed refinement the operator used band 4 to adjust the boundary. The results are best where two dates of imagery (spring/fall) exist, and poorer where only a single date was available, or the two dates were separated by only several weeks.

Other complications occurred in irrigation districts, on small parcels, and in the pothole topography of  the parkland region. Difficulty in distinguishing forage crops from cultivated lands where intensive irrigation was common. Where the forage was cut and some regrowth occurred good results were achieved, but this was a ?hit and miss? situation. The best results were achieved with an early June date. Small parcels were difficult to classify because of diversity of cover types and small fields in these areas.  Topographic effects of the pothole region in central Alberta made it difficult to distinguish between cultivated, forages, and pasture cover types.

There seemed to be trouble identifying canola/mustard crops, from grassland in some areas.  Although some editing of individual quarters have been completed, based on WGTPP applications, many remain as the contractor delivered them.

British Columbia
Areas in B.C. which had undergone timber cutting or forest fires required extensive editing.  They were often misclassified as wetlands or forage. In most cases these were reclassified as shrubs unless cut overs were very recent.  In this case, they were classified as grasslands. Along river valleys, the vegetation was often classified as forage. Generally valleys were reassigned to the shrub class, where no evidence of cultivation was present.  Areas along river and stream beds, which appeared to be exposed rock or sand were classified as other lands (Grid_code 8).  In scene 50.19 virtually nothing was assigned to cultivated land as communication with the district office indicated that there was little agricultural land. Extensive editing was done along the river valleys and through out the forest areas, as well as the forage classification.  Fields that had irregular drainage patterns often resulted on patches of land classified as forage scattered throughout.  Most problems were due to classes being assigned to forage and having to manually edited and returned to their proper class.






