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Objectives 

Wild rice is a cross-pollinating annual grass that usually develops in stands on 

muddy lake bottoms and where moving water from inlets is present. At Rice Lake 

National Wildlife Refuge, wild rice is of cultural significance as it grows prolifically on the 

lake. It is, and has been for centuries an important crop species for local Native 

American tribes. Rice Lake is about 4000 acres (~6 square miles) and is in McGregor, 

Minnesota, approximately two and a half hours north of the Twin Cities metro area. The 

U.S. Fish and Wildlife Service (USFWS) has been monitoring the presence of wild rice 

as well as other aquatic vegetative species on the lake since 1983. Monitoring and 

understanding annual variations of wild rice is important to better manage the 

watershed and the health of the wild rice populations.  

This project focused on data collected in 2010 and utilized previous 

methodologies and monitoring efforts by the USFWS. We conducted a hybrid 

(unsupervised and supervised) classification and visual interpretation to identify the 

vegetation types. We used ERDAS Imagine 2010 to conduct the unsupervised portion 

and ArcGIS 9.3.1 to conduct the supervised image classification. The three vegetation 

classification categories weôve decided upon were mostly open water, mostly wild rice, 

and mostly other. This allowed us to stay consistent with the previous classification 

scheme used where mostly wild rice was considered areas of greater than 50% of wild 

rice as the dominant, mostly other vegetation was considered where wild rice wasnôt the 

dominant species, and mostly water was defined as areas where less than50% cover by 

a vegetative species. Further expansion of this project would cover more classes of 

vegetation, including Pickerel weed, Water Lily, Canary grass, and dense Bulrush. 
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From this project, our goal was to derive a map product that shows the three 

classes, including a table of percent coverage, area in acres, and area in square meters 

of each class. Remote sensing is critical to allowing the USFWS to continue monitoring 

efforts on Rice Lake. It is not feasible in some cases or desired to traverse the whole 

lake due to the density of vegetative species, the potential for damaging rice, and 

disturbing various waterfowl species that nest on the lake. Remote sensing allows the 

USFWS to obtain a total picture of the lake and the vegetative species present from 

year-to-year with minimal disturbance. 

 

 
Data Sources 

In this project, we analyzed aerial photography taken by the USFWS in August of 

2010. The photography is 40 mm, Color-Infrared with three bands; Red/NIR 850-1100 

nm, Green/Red 600-720 nm, Blue/Green 500-600 nm, the resolution is 0.1 meters, and 

the scale was 1:8000. In August 2010, 76 ground reference plots were collected to aid 

in the formation of training areas for supervised classification. In October 2010, 24 more 

training sites were collected in areas of the lake we were not able to reach in August 

due to time constraints. Additionally, we utilized a report from a previous study 

completed in 2005. That report contained previously used methodologies and the 

historical information dating back to 1983 that we would use for out comparison later in 

our analysis. Lastly, we referred to the ERDAS Field Guide for explanations of 

processes and tools we used in ERDAS. 
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Procedures 

*Refer to Appendix A for detailed procedures with screen shots. 

1. The first step was to put the 67 overlapping images into one continuous photo-

mosaic. This process was done using ERDAS Imagine and completed by Mary 

Mitchell, a biologist specializing in GIS and photogrammetry for Region 3 of the 

USFWS. 

2. Due to the large size of the photo-mosaic the image was masked into 24 

separate segments using the mask features tool in ArcGIS 9.3.1. The segment 

boundaries were carefully drawn to follow the edge of images with areas of 

similar exposure.  

3. An unsupervised classification, RGB Cluster, was run on each masked out area 

of the photo mosaic in ERDAS Imagine. RGB Clustering is an unsupervised 

classification that performs a three-dimensional analysis of the input bands. Then 

each of the input bands are plotted on an x, y, and z axis. This provides the 

maximum separation for grouping digital number values. The output results in a 

single band layer of 8 bit data (0-255 values.) 

4. The next step was to create a layer stack for each masked area. A layer stack 

performs a spectral combination of inputted layers of different spectral origins. 

The layer stack inputs contained the recently created RGB Cluster, the Red/NIR 

band from the original extracted piece of the mosaic, and the Blue/Green band 

from original extracted piece of the mosaic. This combination was done following 

the recommendations Mary Balogh, a biologist and GIS chief for Region 3 of the 

USFWS and Mary Mitchell. This process produced favorable results for 
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delineating similar vegetation on a previous project and thus, was used on this 

project.  

5. Next, Image Segmentation was done on the layer stacked image using ERDAS 

Imagine. Image Segmentation is an unsupervised classification that groups like 

values into segments. The minimum size threshold was set to 150 pixels. This 

setting determines the minimum size of a segment; avoiding the creation of many 

very small segments. We tested the minimum size by running the classification at 

75, 150, and 250 pixels, and comparing the results. We found that 75 pixels 

created too many small segments; whereas 250 pixels skipped some of the 

smaller areas that were easily identifiable on the imagery and we knew to be wild 

rice. At a 0.5 ft pixel resolution [(0.5ôx 0.5ô= 0.25 ft2) x 150 pixels] ~ the smallest 

segment allowed is about 37.5 ft2. The file output of the image segmentation 

creates a raster file with 10,000-30,000 segments (depending on masked area 

and diversity). 

6. The next step was to convert the raster file into a vector shapefile. This was done 

using the ñConvert Raster to Featuresò tool in the Spatial Analyst toolbar of 

ArcGIS 9.3.1. The output file is a polygon shapefile with no useful data attributed. 

7. The next step was to assign attributes to the shapefile using the Zonal Statistics 

tool in ERDAS Imagine. Zonal Statistics creates a new attribute field to a vector 

shapefile from an underlying raster image. Zonal Statistics was run three times 

for each segment, resulting in columns containing a mean for the RGB Cluster 

layer, a mean for the Red/NIR Layer, and a mean for the Blue/Green layer of the 

Image Segmentation file. 
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8. Next, a supervised classification was done using the eight elements of visual 

interpretation, the collected field data, and corresponding photos from the field. 

We compared the calculated means from each segment of the image 

segmentation shapefile to determine a range of values to correspond to each of 

our classes. Essentially, using these mean values we are manually determining 

the boundary lines for each class. This process was done for each of the 24 

segments. 

9. A new ñCLASSò data field was created and values were calculated by running a 

SQL Query in ArcMap. The query selected attributes that met each of the value 

ranges for each class. For example, wild rice was typically selected if the RGB 

Cluster means ranged from 118-160, Red/NIR means ranged from 120-180, and 

Blue/Green means ranged from 140-180. One note, however, is that these 

means varied by masked area of the photos mosaic due to differences in sun 

angle and other radiometric factors we were unable to correct for. A decision tree 

was used for differentiating wild rice from other vegetation. Other vegetation 

overlapped values in the RGB Cluster and Red/NIR ranges; however wild rice 

consistently had greater mean values in the Blue/Green layer.  

10. Once the segmented shapefiles were completed, we had to verify the edges of 

each segment to ensure there was agreement between segments. Nearly all the 

edges between the segments matched classes surprisingly well. There were a 

few small areas where there was some confusion between segments. Most 

often, it was between open water and other vegetation classes. Much of this was 
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contributed to where the boundary line was decided upon the continuum from 

mostly water to mostly vegetation. 

11. Once there was agreement between the 24 segments, each shapefile was 

dissolved by the attribute ñCLASSò in ArcMap. This resulted in a shapefile with 

only the three classes. 

12. A new ñAcresò field was created for each of the polygons and the area in acres 

and square meters was calculated by using ArcMap and the ñCalculate 

Geometryò function.  

13. The last step was to merge all the dissolved segment shapefiles into one 

shapefile for the whole lake. This was the final feature class used to produce the 

map for our presentation and report. 

 

Results 

The results of the classification was a map showing the spatial locations of each 

of the classes. The data was projected in Universal Transverse Mercator (UTM) Zone 

15N, North American Datum 1983 (NAD83). All units are in meters, except for area 

specifically calculated in acres. Classification was done at a scale of 1:5000 with edge 

matching done at a scale of 1:1000. We calculated area in acres and square meters for 

each class. The results show mostly wild rice with 1,195 acres, mostly open water with 

779 acres, and mostly other vegetation with 1,654 Acres (Table 1. and Figure 1.).  
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Table 1. Calculations of the 2010 classification. 

 

Figure 1. Final map output for classification. 

When comparing the results of our classification to previous years, we first 

noticed the acreage for wild rice to be very similar to previous years. However, our 

mostly open water class seemed notabley higher and our mostly other vegetation is 

noteably lower then previous years (Figure 2.). There are several possibilities that 
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should be explored to understand why. One possibility is that because our classification 

was done at a considerably higher resolution, we are calculating more of the smaller 

pockets of vegetation that was passed over as mostly open water before. Because open 

water has such lower Red/NIR values as compared to other vegetation, small pockets 

of vegetation would increase the mean pixel value above the open water threshold, thus 

being placed in the mostly other vegetation category. This could be corrected by having 

more training sites in the mostly water to less than 50% water cover areas. 

 

Figure 2. Comparison of previous area calculations of the three classes in acres. 

 

Discussion 

 Overall, the map shows very good detail of actual conditions within the lake. The 

map shows and calculates the small clusters of rice, in standing water; the small 
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pockets of open water in dense stands of vegetation; and even stands of different 

species of vegetation. 

We had to overcome several challenges in performing this classification. The first 

problem we faced was the huge file size of the high resolution images. 4000 acres of 

imagery taken at sub-foot resolution creates huge files that cannot be effectively 

processed due to hardware and software limitations. To overcome this, we had to break 

the mosaic into smaller segments, but we felt this was easier than classifying each of 

the 67 orthorectified images separately. 

Another issue was the inconsistency in the image exposure between the original 

67 photos. When these photos were put into a mosaic, these exposure differences 

caused stripping and a mottled look to the mosaic. A homogenous wild rice stand can 

have two distinct ranges of digital number values depending upon the photo tile that 

covered it. Because we had to break the mosaic into smaller pieces to process it, we 

carefully chose the visible boundaries to include areas with similar exposures to 

minimize the amount of error within the mask. 

 An accuracy assessment wasnôt completed for several reasons. We originally set 

aside several of the original 76 data points collected in August to use for accuracy 

assessment. However, we found that these points were needed for training data and 

there were not enough points for each class to represent a strong statistical accuracy 

assessment. Essentially, we had to choose between doing a strong accuracy 

assessment with fewer training points, which would likely result in a weak (inaccurate) 

classification. Our other option was to create a stronger classification with a weak or no 

accuracy assessment at all. We chose to use all the points for classification training to 
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give a stronger classification and discussed with Mary Balogh the idea of an ñexpert 

interpreterò accuracy assessment. The plan is for points to be generated at random in 

ERDAS Imagine for Mary to classify and compare with our results. Unfortunately, this 

could not be completed by the turn-in time of this project due to Mary being out-of-the-

office. Additionally, if we had had more time in August to collect a separate set of field 

points, we could have used those for an accuracy assessment.  

 The next stage in this project is to further break down the decision tree to classify 

stands of other vegetation. By comparing the RGB Cluster, Red/NIR and Blue/Green 

values, further differentiations can be made to delineated Canary grass, Bulrush, Water 

Lily, Cattail and Pickerel Weed stands. Weôre thinking about trying the Texture Tool in 

ERDAS Imagine to see if we can utilize that to better identify different species. Wild rice 

has a wispier, feathered texture than Pickerel Weed, which seems to have a small, 

circular, crunchy looking texture. There will be some challenges even with that method 

distinguishing between Wild Rice, Phragmites, and Cattail. All three species exhibit 

similar texture, but using site we can rule out Cattail being in the center of the lake, for 

example. Weôve also discussed the possibility of using high resolution LiDAR data for 

comparing heights of the vegetation. Pickerel weed, Water Lily, and Bulrush are 

considerably shorter and closer to the water surface than Wild Rice or Phragmites. 

Unfortunately, the plan for this area of the state to be flown is not for a few years yet so 

a study of a subset would have to be conducted in an area that there is LiDAR data for. 

If the processes can be determined and accurate results found, itôs possible that the 

process can be applied to Rice Lake and other wetlands in the future. 

 



11 

 

Conclusion 

 Since 1983, the U.S. Fish & Wildlife Service has been actively monitoring the 

health of the vegetation on Rice Lake at Rice Lake National Wildlife Refuge. Emergent 

vegetation on lakes and wetlands forms a continuum of various species and Rice Lake 

is no exception. Studies since the 1980ôs have shown that vegetative species continue 

to proliferate on Rice Lake, but it is unclear how the species relate to one another and if 

this will show a decline or increase in wild rice in the future. 
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Appendix A. Steps for Classification. 

 

Steps for Vegetation Mapping at Rice Lake NWR 

ArcGIS 9.3.1 and ERDAS IMAGINE 2010 

 

1. In ArcMap, extract the ñPlain TIFF Mosaicò from the Rice Lake vector outline.  

Process: ArcToolbox|Spatial Analyst Tools|Extraction|Extract by Mask. 
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2. In ArcMap, create polygons for different subsections of masked mosaic. First, 

create empty polygon feature classes in either ArcMap or ArcCatalog.  

 

3. Start an editing session to manually digitize portions of the mosaic that appear to 

be homogeneous in terms of the sun angle, etc. (use obvious breaks in photo 

lines).  
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4. Ensure that you set the ñTask:ò to ñCreate New Featureò and the ñTargetò to your 

first empty polygonal feature class. Repeat for all remaining empty feature 

classes to obtain subset polygon boundaries. *Make sure ñSnappingò is turned on 

so that you snap to the edges or vertices of each polygon.  

Process: Editor|Start Editing|<Select location of files to which you want to 

edit>|Click the pencil icon and start editing. 

 

Example of finished polygons is below: 

Empty Polygonal 

Feature Classes 
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5. Next, in ArcMap, mask out the mosaic using each of the subset polygons to 

create smaller, more usable mosaic areas for input into ERDAS IMAGINE 2010. 

Process: ArcToolbox|Spatial Analyst Tools|Extraction|Extract by Mask. 
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6. In ERDAS IMAGINE 2010, open the first extracted piece of the mosaic. Navigate 

to the folder where the extracted pieces of the mosaic have been saved. The files 

should be saved as a GRID Stack 7.x from ArcMap. In order to see the files, you 

must set the ñFiles of typeò to that. See below: 
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7. In ERDAS IMAGINE 2010, on the ñHomeò ribbon, click ñZoom to Data Extentò to 

see the recently opened image, if you cannot already. 

 

8. Now, you can start analyzing the extracted piece of the mosaic. First, you want to 

create a layer of the RGB bands clustered into one. The process is as follows:  

Process: Raster Ribbon|Unsupervised|RGB Clustering. 

 

9. Set your first extracted image as your input file and create a name and 

determined location for the output file. The process is as follows: 


