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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 cat e g warenosly open vater, mdsdyailddieed upon
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
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.



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.

. 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 [(0.5& 0.5& 0.25 ft?) x 150 pixels] ~ the smallest
segment allowed is about 37.5 ft?. The file output of the image segmentation
creates a raster file with 10,000-30,000 segments (depending on masked area
and diversity).

. The next step was to convert the raster file into a vector shapefile. This was done
usingtheAiConvert Raster t o pdtal Analystteolbaroft o ol
ArcGIS 9.3.1. The output file is a polygon shapefile with no useful data attributed.
. 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.

n



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.

99 A newWA®B®S0 dat a f i adlddaluasavsre calcuai@d by @inning 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.

10.0Once 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



contributed to where the boundary line was decided upon the continuum from
mostly water to mostly vegetation.
11.0nce there was agreement between the 24 segments, each shapefile was
dissolved byt he at tl A DEdreMapi This resulted in a shapefile with
only the three classes.
12.A n e w iifiald was geated for each of the polygons and the area in acres
and square meters was calculated by using ArcMapand t he fACal cul at e
Geometryo 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 (NADS83). 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.).



2010 Class Area% Acres Area(m?)
Mostly 32.9 1,195 4.836,047.8
Rice
Mostly 215 779 3,154,189.3
Water
Mostly 45.6 1,655 6,696,502.8
Other

Table 1. Calculations of the 2010 classification.

2010 Analysis
1 Mostly Wild Rice

2 Mostly Water

s ow 3 Mostly Other
Projectedin UTM Zone 15N

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.
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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



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 wasnodot completed fo
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 classificatonand di scussed with Mary Balogh t|
interpretero accuracy assessment. Theinpl an 1is
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. We 6 r e t hi nki ng about trying
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. Wedve also discussed the possibility
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.
| f the processes can be det er mi ssiblethaathed accur a

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

i's no exception. Studies since the 198060s

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

1.1l n ArcMap, extract the APl ain TIFF Mosaico
Process: ArcToolbox|Spatial Analyst Tools|Extraction|Extract by Mask.

r}‘ Extract by Mask g@

Input raster Input raster or feature mask data
|RCLJ3Iainmosaic.tiF ﬂ ﬂ

Input raster or feature mask data Input mask data defining areas to extract.
| YiceLake_oOutline_Project ﬂ ﬂ

Gt sty This is a raster or feature dataset.

| C:iRLK_2010\Extract_L ﬂ

When the input raster or feature mask data is a
raster, MoData cells on the mask will be
assigned MoData values on the output raster.

ok Cancel Environments. .. << Hide Help Taal Help
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Extract by Mask =

<< Detailz

[ Close thiz dialog when completed successfully

RicELakE_OutlinE_PrDject C:HRLK_ZDlD [A]
"ELEMosMas

Gtart Time: Fri MNowv 05 11:15:36 2010
Executed [(ExtractByMask) successfully.
End Time: Fri MNow 05 12:37:27 2010
[Elapsed Time: 1 hours 23 minutes 51 [v]

ascmtrs

2. In ArcMap, create polygons for different subsections of masked mosaic. First,
create empty polygon feature classes in either ArcMap or ArcCatalog.

# Create Feature Class E]@

Feature Class Location Coordinate System (optional)
| CriRLk_z010 ﬂ
Feature Class Mame The spatial reference of the output feature class.
| Extract1 The dialog allows you to pick a coordinate
zeametry Type (aptional) system. If you wish to control other aspects of
|po|_VG0N j the spatial reference (ie the xy, z. m domains,
Template Feature Class (optional) resolutions, tolerances) use the relevant
[ =] ﬂ environments (click the enviranments buttqn}_ If
you choose the "Import..." option on the dialog
and select an existing dataset, all spatial
ﬂ reference properties from that dataset
J (coordinate system, domains and tolerances)
will be used.
Has I {optional)
| DISABLED ~|
Has Z {optional)
| DISABLED -l
Coordinate System {optional)
| MAD_1983_UTM_Zone_15N
¥ Geodatabase Settings (optional)
[o]'4 | Cancel | Environments. .. ‘ <« Hide Help | Tool Help |

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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Start Editing

‘hich Folder or database do wou want to edit data From?

Source

Type

hEIs_Dakald_Refugesid_RLENZ2005_2009_Wildrice_Mapping
CHRLK_2010

shapefiles | dBase Files
shapefiles | dBase Files

MiEls Datald Refugestd RLK\2010 Rice Lake \WRmapping

Shapefiles | dBase Files

MWAGIS_Datald_Refugesid_RLK\2010_Rice_Lake \WRmappingiLandcoverHabitat.gdb
CARLE A

These lavers and kables currently in vour map reside in the source selected above:

File Geodatabase
Shanefiles | ARAse Files

Extractl
Exkractz
Exkract3
Extractt |o | Empty Polygonal
Ema':tE Feature Classes
xkracks
Exkract?
Exkracts
Extracta
Extracti0
WR_morePts

o]

Cancel |

e

4. Ensure that you set the ATask: 0o t

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

classes to obtain subset p
so that you snap to the edges or vertices of each polygon.

ol ygon

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:
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‘Basemap.mxd - ArcMap - Arcinfo

J File Edit View Bookmarks Insert Selection Tools Window Help ‘
| vover: B e it poe. =1 B K |~ |20 @@ 6 |EE DS 60 ||

|[DEE& s B@x|a~
|

P [[r2eom EHAEE =R IR TR A L e
Editor v‘ S H?‘ Taski | Create New Feature | ! Target: | Extract1 =X @ ‘ ! J Spatial Analyst v‘ Layer: |estract2_gbb1b3_seg.img - B ‘ \
x =
E =

= £ Layers
# [ extract2_rgbb1b3_polyg
# [0 WYCS Vegetation
# [ extractz_rgbbib3.img
= M Masks
= M Extractt
o
= M Extract2
= M Extract3
o
= M Extract4
= M Extracts
= M Extracts

= M Extract?

0g0z0

= M Extracts
o

= M Extractd

@ O extract2_rgbb1b3_seg.img
# O extract11_unsup.img
& O extract_2unsup.img

[m} St
= M Extractio & - 1 3
TR R
# B RikMosMas E " g
.. 1
# O ExtractedRasters p e g
# O MorePts_WRbeds £ -

# O WR_morePts 1 L
# O training_covertype_09_Projec ¢
& [0 garminwipts_Project

# O RiceLake_Outline_cut_utm

# O RiceLake_Outline_Project

# O Fuslnterest

g R "

Displey [ Source | Selection] Catalog o2 u 1 0

| [473861.308 5152946881 Meters

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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# Extract by Mask E]@

Inpuit raster Output raster
|RLkMosMas =l ﬂ

Input raster or feature mask data The raster to be created.
|Masks\Extract1 j ﬂ

Qukput raster

| CriRLK_2010iExtract 1| g

oK | Cancel | Environments...| << Hide Help | Tool Help |

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 AFiles of typeo to that. See
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\ . 4
New » | ‘Open aFile of Type
—— AOILayer.
] open » ||| Open an edisting Area Of Interest (AOD Layer.
- —

Save 3

Save As 4

=
ket

— Anno

=)

jj print

Ctri=P
| session
] Batch
]

~iioh

g Configuration

] Close

1 Vecto

—1 Raster Layer..

Open an existing Raster Layer,

Open )pen an existing Raster
=

yer

Raster Layer.. ‘

Open an existing Annotation Layer.

—| TerraModel Layer.

Open an existing TerraModel Layer.

—| Algorithm..

Open an Algorithm Layer

Dataset as Algorithm
Open a Raster Dataset as Algarithm

NITF Container..

Open a NITF as a container

| SnailTrail,

1 Web Service..

Open a SnailTrail

Ctri=W
Open Web Senvice

—1 ECWP URL.

-7
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Gpen an existing Raster Layer,

() Jessica Campbell - In...

Open ECWP URL

Session..
Opens a session file

_ Shoebox..

Opens a shoebox file

Layout..
Opens a layout file

1) Steps.doc [Compatibil..

_

Untitled - ERDAS IMAGINE 2010 -2 X
Help (:Q
d = | td & =3 Al W = ¢ % =g
Ll i) =] Al H =2 o 5 =
Insupervised Supervised IMAGINE Hyperspectral Subpixel Knowledge Zonal DeltaCue InSAR Geometry Utilities  Thematic |Scientific
- - Objective - ~  Engineer~ | Change~ - -
Classification Change Detection Radar Raster GIS

180,00 {CEW)

QOB E

Select Layer

To Add:

e

File Fiaster

] extract_T1c1
] estract_1c2
] extract_1c3
] extract_2cl
] ewtract_2c2
] extract_2c3
] extract_3c1
] extract_3c2
(] extract_3c3
] extract_4cl

File name:

Options | kultiple

Look in: i BLE_2010

(] extract_4c2
(] estract_4c3
] info

] JozhEwtract
] RCLOrthioz
] kmosmaszc
] fkmosrmazc?
] rkmosmaszc3

ﬁ extract_1
% extract_2

Filez of wpe: | GRID Stack 7.
20 Filez, 18 Subdirectones, 5 Matches, 104805236k Bytes Free

ﬁ extract_3
% extract_4

% rlkrncsmas

L
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7.

Il n ERDAS | MAGI NE 2010, on the

see the recently opened image, if you cannot already.

Untitled - ERDAS IMAGINE 2010

LR EELI I IO Raser
ome | ManageData  Raster  Vector P Toolbox  Help  Multispectral  Drawing  Table
‘JSe\ectTI o Cut {1 2 - 3D Previous Extent @ A@ r\A\g nNorth ~ | @ - [@] ol EECCCIITE @ -
o 7 Inquire Cursor = | [l Copy | [ & 2 - Yyran -—‘ iy EJ = =
Contents o o Zoomto Deffuit U Gl O EETTTEE O -
mn Measure Paste | [N ||\Data Extent Zgm = 77 |1:5408 | || Views - Views~ Scales Clear View 0-&
Information Edit Extent & Window View = Scale and Angle
Contents B X 2D View H1: eatract_1 [Band_1)Band_2)Eand_3)
=-E4 2D View #1
o] AR

W Background

= - Ol I Gl -
Kﬁﬂ!&»"@

Roam

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.

determined location for the output file. The process is as follows:
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9. Set your first extracted image as your input file and create a name and



