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Pixel based and object based vegetation community classification methods were 
performed using 30 meter spatial resolution Landsat satellite imagery of the Arthur R. 
Marshall Loxahatchee National Wildlife Refuge (Refuge), a remnant of the northern 
Everglades.  Supervised classification procedures using maximum likelihood and 
parallelepiped algorithms were used to produce thematic maps with the following 
vegetation communities:  wet prairie, sawgrass, cattail, tree island, brush, aquatic/open 
water.  Spectral data, as well as NDVI, texture and principal component data were used to 
produce vegetation community classification maps.  The accuracy levels of the thematic 
maps produced were calculated and compared to one another.  The pixel based approach 
using the parallelepiped classification algorithm on the spectral and NDVI dataset had the 
highest accuracy level.  A generalized form of this classification using only three 
vegetation communities (all wet prairie, tree island/brush and aquatic/open water) was 
compared to a previously published classification which used 1987 SPOT imagery in 
order to extract information on possible vegetation community transitions that are 
occurring within the Refuge.  Results of the study indicate that 30 meter spatial resolution 
may be useful for understanding broad vegetation community trends but not species level 
trends.  Pixel based procedures provide a more accurate classification than object based 
procedures for this landscape when using 30 meter imagery.  Lastly, since 1987 there 
may be a trend of tree island/brush communities replacing wet prairie communities in the 
northern part of the Refuge and a transition to wet prairie communities in place of tree 
island/brush communities in the southern portion of the Refuge.  
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CHAPTER 1 - INTRODUCTION 

1.1.    Project Overview 

Monitoring vegetation patterns throughout the Everglades is an important 

component of understanding the effectiveness of the environmental restoration work 

being undertaken as part of the Comprehensive Everglades Restoration Plan (CERP) 

(SFWMD and FDEP, 2004).  This study outlines procedures that can be used to develop 

vegetation classification maps using satellite imagery.  Vegetation classification maps 

can be used to monitor changes in vegetation community patterns over time.       

In this study pixel based and object based image classification procedures were 

compared to determine the level of accuracy that can be expected for a wetland 

classification map developed using algorithms applied to data from Landsat satellite 

imagery.   These two classification approaches were used to identify vegetation 

community patterns in the Arthur R. Marshall Loxahatchee National Wildlife Refuge 

(LNWR), a portion of the northern Everglades.  Classified maps of the study area were 

produced using the two image analysis approaches and accuracy assessments were 

performed to compare the two methods.  Thirty meter Landsat 5 Thematic Mapper 

imagery (path 15, row 42) from April 15, 2005 was used in the study.  The results of the 

classification are compared to previous vegetation classification studies and may be used 
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to develop an on-going monitoring program to assess vegetation community changes 

over time.  

1.2.   Study Area 

The Arthur R. Marshall Loxahatchee National Wildlife Refuge (LNWR) contains 

147,392 acres of remnant northern Everglades wetlands (USFWS, 2000).  The area was 

designated a National Wildlife Refuge in 1951 under the Migratory Bird Conservation 

Act of 1929 (USFWS, 2000).   

The refuge is located in Palm Beach County Florida, southeast of Lake 

Okeechobee.  The Everglades Agricultural Area (EAA), which includes sugar cane farms, 

winter vegetable and sod farms and cattle ranches, is located to the north and west of the 

refuge.  Predominantly urban and suburban landcover with some limited agriculture areas 

are located to the east.  Water Conservation Areas 2 and 3 and Everglades National Park 

are located to the south of the refuge (Figure 1). The refuge consists of an impounded 

interior marsh (study area), four management compartments to the east and west of the 

interior marsh and the Cypress Swamp which is also to the east of the interior marsh 

(USFWS, 2000) (Figure 2).     

There are as many as 257 species of birds, 23 mammal species, 10 species of 

turtles, 8 species of lizards, 24 snake species and 11 species of frogs and toads that use 

the refuge (USFWS, 2000).  The refuge is home to several threatened and endangered 

species including the Everglades snail kite, wood stork, crested caracara and eastern 

indigo snake (USFWS, 2000).   

 



 

 
Figure 1.  Study area location map 
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Figure 2. Study Area, Canals and Water Control Structures 
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The interior marsh consists of approximately 141,000 acres and comprises Water 

Conservation Area 1 (WCA-1).  This portion of the refuge is owned by the state of 

Florida, however, the area is managed by the U.S. Fish and Wildlife Service under a 

license agreement with the South Florida Water Management District to meet water 

management objectives, as well as provide habitat for native fish and wildlife (SFWMD, 

2000).  WCA-1 is completely surrounded by canals and levees which were completed in  

the early 1960s creating a surface water conservation area used for flood control and 

water management (Light and Dineen, 1994).  The West Palm Beach Canal is at the  

northern edge of the marsh, the L-40 canal is on the eastern side, the L-7 canal is on the 

western side and the Hillsboro Canal is to the south.  Water control structures are located 

around the marsh to regulate inflows and outflows (Figure 2).   

The interior marsh is a peat based wetland system consisting of wet prairies, 

aquatic sloughs, strands of sawgrass, cattail, patches of brush and tree islands (USFWS, 

2000).  The area is botanically diverse with over 200 taxa of plants present (Institute for 

Regional Conservation, 2005).  Several invasive exotic plant species are found within the 

refuge including melaleuca (Melaleuca quinquenervia), Old World climbing fern 

(Lygodium microphyllum), Brazilian pepper (Schinus terebinthifolius), Australian pine 

(Casuarina equisetifolia), water hyacinth (Eichhornia crassipes) and water lettuce (Pistia 

stratiotes) (USFWS, 2000).  In 1990 a vegetation classification was completed using 

1987 SPOT imagery which showed that the percent cover of the interior marsh consisted 

of the following communities:  41% wet prairie, 20% sawgrass, 19% brush, 16% tree 

island, 4% cattail and <1% aquatic (Richardson, et al., 1990).   
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Historically, the interior marsh received hydrological inputs from rainfall and 

overland sheet flow (USFWS, 2007).  Currently, there is no sheet flow due to the levees 

and canals completely impounding the marsh.  Inputs include rainfall and discharges to 

the perimeter canal from the various water management structures located around the 

refuge.  Water delivered to the perimeter canal originates from adjacent agricultural run-

off, urban run-off, and treated water from the Stormwater Treatment Areas (STA-1W and 

STA-1E) (USFWS, 2007).  The water entering into the perimeter canal has high 

concentrations of phosphorus and other ions, as compared to rainfall (USFWS, 2007, 

Harwell, et al. 2008). 

Numerous studies have documented the impacts of increased phosphorus levels 

on Everglades’ flora and fauna (Childers, 2003, Jensen et al., 1995, Newman et al., 1998).  

Many Everglades based studies have concluded that vegetation community composition 

and distribution are affected by water level manipulations and nutrient concentrations 

(Alexander and Crook, 1973, Brandt et al., 2000, Richardson et al., 2000, Hagenbuck, et 

al., 1974).  Therefore it is important to develop procedures that can be used to 

systematically monitor vegetation community patterns and relate observed changes to 

water management actions and water quality conditions.  This study sets forth procedures 

to allow for the production of vegetation community maps using readily available 

satellite data to allow for the on-going monitoring of vegetation community patterns.    

1.3.   Image Classification System  

Numerous classification systems have been developed to organize and describe 

land use and land cover (Jensen, 2005).  The characteristics of the area being classified 
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(urban resources vs. natural resources), the goals of the classification project and the 

spatial resolution of the imagery are all factors to take into consideration when 

determining the classification system to be used for a project.     

For this study a variety of classification systems were considered including the 

Florida Land Use, Cover and Forms Classification System (FLUCFCS), the Everglades 

Classification System (EVCS), the Florida Natural Areas Inventory Natural Communities 

of Florida (FNAI), Florida Fish and Wildlife Conservation Commission’s Plant 

Communities for Landsat Habitat Mapping (FFWCC), and the U.S. Fish and Wildlife 

Service Multi Species Recovery Plan for South Florida (MSRP) Ecological Communities.  

The classification system used in the 1990 Richardson study (Richardson et al., 1990) 

was also considered.   

For this study an abbreviated form of the classification system used in the 

Richardson study (Richardson, et al., 1990) was employed.  The classes used in this study 

are wet prairie, sawgrass, cattail, brush, tree island and aquatic/open water.  These 

general classes characterize the major vegetation communities found within the LNWR 

and also represent communities within the major classification systems that were 

considered.  This classification system will allow for a comparison to the vegetation 

community patterns identified in the Richardson study (Richardson, et al., 1990), as well 

as provide a baseline vegetation community map which can be used as a comparison for 

future similar studies.  More detailed information on the vegetation classification system 

and the characteristics of the vegetation communities is presented in section 3.1.   

1.4.   Image Classification Approaches  
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This study employed supervised classification techniques which involve the use 

of spectral data from known areas of each vegetation community used in the 

classification system (known as training areas) combined with statistical algorithms to 

group the remainder of the spectral data into classes based on similarity to the training 

areas.  In this study two distinct approaches to performing supervised classification were 

taken and evaluated:  a pixel based approach and an object based approach.     

In the pixel based approach the spectral characteristics of each pixel in the scene 

were compared to the spectral characteristics of each of the training areas representing 

the six vegetation classes that comprised the classification system.  Using an algorithm 

known as parallelepiped each pixel is assigned to a class using simple Boolean “and/or” 

logic (Jensen, 2005).  Essentially, the spectral characteristics of each pixel is compared to 

the spectral characteristics of the training areas and decision rules are used to assign the 

pixel to one of the training data classes.  The end result of this procedure is an image 

where each pixel is assigned to one of the six pre-determined classes.  An important 

characteristic of the pixel based approach is that the spectral characteristics of each pixel 

are viewed in isolation.  The spectral characteristics of the surrounding pixels are not 

considered.         

Object oriented image analysis differs from traditional pixel based spectral image 

analysis in that the image is segmented using spectral, as well as spatial characteristics 

prior to performing the classification (Yan et al., 2006).  This differs from the pixel based 

approach which only considers the spectral characteristics on a pixel by pixel basis 

(Jensen, 2005).  Instead of evaluating the scene on a pixel by pixel basis, the scene is 
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segmented into homogenous image objects.  By creating objects and then performing the 

classification using the spectral characteristics of the objects, rather than the individual 

pixels, additional texture and context information is incorporated into the analysis.  

Information about the patterns of the spectral information of adjacent pixels is used when 

the segmentation is performed.  This is important as many landcovers exhibit distinct 

textural patterns that would not necessarily be recognized when performing a pixel by 

pixel statistical analysis.  

In addition to employing two different classification approaches, the study 

evaluated two different approaches to using the spectral data from the satellite imagery.  

In one approach the seven bands of raw spectral data were used with the addition of a 

Normalized Difference Vegetation Index (NDVI) band and in the second approach the 

spectral data was reduced into three bands through the use principal components analysis 

(PCA) and a textural band was created and used.     The first approach involves larger file 

sizes because of the use of all seven bands and the addition of the NDVI band.  The 

NDVI band was added to this data set because it is commonly used as an indicator of 

vegetation biomass (Jensen, 2005).  Though this approach utilizes all of the collected 

spectral data, some of the bands may not be contributing very much useful information to 

be used in the classification process.  Principal components analysis is a method of 

reducing the quantity of data to be analyzed (Jensen, 2005).  The three principal 

component bands are derived from the original seven bands of spectral data through a 

statistical process that retains most of the information contained in the original dataset.  A 

texture band was created and added to this dataset to incorporate contextual information 
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into the classification.  The texture band provided information on a pixel by pixel basis 

about the neighboring pixels in the scene.  Prior vegetation classification studies have 

incorporated texture bands into the data set to be classified (Wright, 2007, Hartter, 2008).       

This study compared the vegetation classification accuracy using the two different 

classification methods on the two different manipulations of the satellite data.   The 

results provide some insights into the value of incorporating textural information using 

object oriented image analysis in comparison to traditional pixel based image analysis 

which relies only upon the spectral information of individual pixels.  Several studies have 

been conducted which show that object based image classification produces higher levels 

of accuracy (Geneletti and Gorte, 2003, Yan, et al., 2006).   
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CHAPTER 2 - OBJECTIVES 

2.1.   Study Objectives 

 This study had three main objectives:  

1. Develop vegetation classifications of the LNWR by employing two different 

classification procedures (pixel based and object based) and using two different 

spectral data sets (raw spectral data with an NDVI layer and three principal 

component bands with a texture layer). 

2. Perform accuracy assessments on the different classifications to determine the 

best approach and to quantify the expected level of accuracy. 

3. Compare the two classification methods and assess the observed changes in 

vegetation communities since the Richardson et al. (1990) classification was 

completed. 

 

 

 

 

 

 

 



 

 
-12- 

 

 

 

CHAPTER 3 – LITERATURE REVIEW  

3.1  Vegetation Communities 

 For this study the vegetation communities within the interior marsh have been 

grouped into five vegetation classes and one aquatic class which includes areas of 

predominantly open water with limited amounts of vegetation.  The vegetation classes 

that were used were wet prairie, sawgrass, tree island, brush and cattail.  These classes 

are similar to communities identified by prior vegetation mapping studies conducted 

within the refuge.  The communities were specifically chosen in order to be able to 

compare the acreage and spatial patterns of the communities to the vegetation map 

produced by Richardson using 1987 SPOT satellite imagery (Richardson, et. al., 1990). 

 Since the 1950s several vegetation monitoring and mapping projects have been 

completed within the refuge.  Table 1 contains a summary of the prior projects. 

In the 2000 Comprehensive Conservation Plan the USFWS describes the vegetation in 

the interior marsh using five major vegetation communities:  sloughs, wet prairies, 

sawgrass, tree islands and cattail (USFWS, 2000).  Sloughs are described as the deepest 

natural marsh communities.  Water lily and spatterdock are the most prevalent vegetation 

species in this community.  Sloughs are distinguished from wet prairies which are 

described as shallower marshes with short emergent plants such as beakrushes, spike 
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rushes and red-root (Lachnanthes caroliniana).  All of the vegetation communities found 

in the refuge are described thoroughly by Lodge (2005) in The Everglades Handbook. 

According to Lodge (2005) there are five different types of freshwater marshes 

within the Everglades:  slough, marl wet prairie, peat wet prairie, sawgrass marsh and 

ponds.  Only one of these communities is not present with the LNWR.  The  

marl wet prairie is generally found only in the southern portions of the Everglades where 

the bedrock is close to the surface.  Sloughs are described by Lodge (2005) as being the 

deepest marsh community with submerged and floating aquatic plants.  Dominant 

vegetation includes bladderworts, white waterlily, floating heart and spatterdock.  For this 

study most slough communities are mapped as part of the wet prairie community.  Some 

slough communities with very sparse vegetation will be mapped as part of the aquatic 

class.   

Peat wet prairies generally contain maidencane, Tracy’s beaksedge and spikerush 

according to Lodge (2005).   Sawgrass marshes are dominated by sawgrass with very few 

other species present (Lodge, 2005).  Sawgrass can range from sparse to dense with 

longer hydroperiod, deeper water areas supporting more dense strands of sawgrass 

(Lodge, 2005).  As mentioned previously, for this study the wet prairie class includes 

what Lodge identifies as wet prairie plus some slough areas and areas of sparse sawgrass 

mixed with other vegetation.  Only dense areas of sawgrass, with few other vegetation 

species are included in the sawgrass class.   

Ponds are described by Lodge (2005) as “small, open-water areas scattered 

throughout most of the Everglades”.  Most of these areas are likely the result of alligator 
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excavation for nesting and feeding, thus the term alligator hole is also used.  Though this 

type of habitat does exist in the refuge, the sizes of these ponds are smaller than the 

spatial resolution of the satellite imagery, so this habitat is not included in the mapping.   

There are two major types of tree islands present within the refuge:  pop-up or 

battery tree islands and strand tree islands (Sklar, 2002, Lodge, 2005).  Smaller, roundish 

tree islands are known as pop-up tree islands because of the way they are believed to be 

formed.  Basically, areas of peat become buoyant from gas bubbles produced by decaying 

organic matter.  When a large enough area becomes filled with gases it can tear free from 

the bottom and rise to the surface.  These floating mats of peat can become colonized by 

shrubs and other species.  In many cases the root systems of the colonizing vegetation 

eventually anchors the pop-up island making it a fixed component of the landscape.  In 

other cases the pop-up islands continue to float (Lodge, 2005).  Swamp bay, red bay and 

dahoon holly are commonly found in the interior portions of these tree islands with wax 

myrtle and cocoplum shrubs on the edges followed by a sawgrass and fern perimeter 

(Lodge, 2005, Sklar, 2002).   

The other type of tree island found in the refuge is the strand tree island.  These 

are large tree islands with an elongated shape.  Based on peat analysis it is believed that 

these tree islands form on sawgrass ridges.  These tree islands evolve after shrubs invade 

a sawgrass ridge.  Eventually the shrubs are succeeded by other species.  Areas of slough 

and wet prairie protect these shrubs from fire and allow the necessary vegetation 

succession to occur in order to eventually form a tree island.  The LNWR is the only area 

of the Everglades that supports strand tree islands (Lodge, 2005).  The dominant species  
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Table 1. Summary of vegetation communities used in prior studies 
Type of 
Study 

Date Vegetation Communities  

Vegetation 
map – aerial 
photos 

1952 • Sawgrass 
• sawgrass/myrtle 
• myrtle  
• slough 
• whitegrass 
• mixed grasses 
• maidencane 

Vegetation 
map – aerial 
photos 

1968 • Sawgrass/mixed grasses/myrtle 
• transition  
• wet prairie/tree island/slough 
• ridge sawgrass/myrtle 
• sawgrass 
• aquatic 
• sawgrass/pickerelweed/brush 
• sawgrass/spikerush 
• maidencane 

Photoplot 
studies 

1948,1952.1962,1968 • aquatic 
• wet prairie 
• sawgrass 
• brush 
• tree island 

Transect 
studies 

1959-1969 3 transects near canals 
Species level quantitative analysis 

NWI 
Vegetation 
map – aerial 
photos  

1985 • 10 wetland vegetation classes 
(map was never completed) 

Vegetation 
map – 
SPOT 
satellite 
imagery 

1987 • 18 communities were recoded 
into more general communities to 
facilitate comparisons to older 
studies 

• aquatic, wet prairie, sawgrass, 
brush, tree island, cattail 

Vegetation 
map – 
Aerial 
photos 

In progress SFWMD is currently working on a 
detailed vegetation map that is scheduled 
to be completed in summer 2008 
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found on strand tree islands is dahoon holly.  For this study both pop-up and strand tree 

islands are included in the tree island class.    

The last vegetation community that is used in this study is cattail.  Cattail is a 

native species typically found in the Everglades near wading bird colonies, roost tree 

islands and alligator holes (USFWS, 2000).  These locations naturally have higher 

nutrient levels because of deposits made by wading birds and alligators.  In the refuge 

cattail communities are mainly found along the perimeter of the marsh in proximity to 

higher nutrient canal water which promotes the growth of thick, monotypic stands of 

cattail (USFWS, 2000).     

3.2.   Classification Systems 

There are several important classification systems that are used for organizing and 

describing vegetation communities in south Florida.   Various federal and state agencies 

have developed different classification systems to meet their unique needs.  As 

mentioned before, the classification system used for this study conforms to the 

abbreviated classification system developed by Richardson et al. (1990) in order to allow 

for a comparison to the vegetation map produced by the Richardson study.  However, the 

vegetation communities used in this study are analogous to communities used in other 

major classification systems.   

The major classification systems used to categorize south Florida vegetation 

communities include:  the Florida Land Use, Cover and Forms Classification System 

(FLUCFCS), the Everglades Classification System (EVCS), the Florida Fish and Wildlife 

Conservation Commission’s Plant Communities for Landsat Habitat Mapping (FFWCC), 



 

the U.S. Fish and Wildlife Service Multi Species Recovery Plan for South Florida 

(MSRP) Ecological Communities and the Florida Natural Areas Index Natural 

Communities of Florida.  This section will provide a brief description of each of these 

classification systems.  Table 2 contains a summary of the vegetation community classes 

used in this study and the analogous classes from each of the different classification  

systems reviewed below.   

Table 2. Comparison of vegetation community descriptions in different classification 
systems.  
This Study FLUCFCS EVCS FFWCC MSRP FNAI
Wet Prairie 641 - Freshwater Marsh PG - Graminoid 

Prairie/Marsh
Freshwater Marsh and 
Wet Prairie

Freshwater Marshes and 
Wet Prairie

Wet Prairie, Basin 
Marsh and Swale

643 - Wet Prairie PE -Non-graminoid 
Emergent Marsh

Sawgrass 6411 - Sawgrass Marsh PGc - Sawgrass Marsh Sawgrass Marsh Freshwater Marshes and 
Wet Prairie

Wet Prairie

Cattail 6412 - Cattail Marsh PC - Cattail Marsh Cattail Marsh Freshwater Marshes and 
Wet Prairie

Wet Prairie

Tree Island 610 - Wetland Hardwood 
Forest

FSb - Swamp Forest, 
Bayhead

Bay Swamp Pond Swamp Wet Flatwoods and 
Hydric Hammock

Brush 631 - Wetland Scrub SH - Hardwood Scrub Shrub Swamp Pond Swamp
Aquatic 510 Streams and 

Waterways
W - Open Water Open Water N/A

  
 

The FLUCFCS was originally developed by the Florida Department of 

Transportation (Florida Department of Transportation, 1999).  This system has levels 

ranging from I-IV with the lower levels providing a general classification and the higher 

levels providing a more detailed, species specific classification.  An example of the 

increasing classification specificity with the increase in level for wetlands would be as 

follows:  Level 1:  600 Wetlands;  Level 2: 610 Wetland Hardwood Forest;  Level 3:  611 

Bay Swamps;  Level 4: 6111 Bay Swamps with 10-30% crown closure.   

The Everglades Classification System (EVCS) was developed by the South 

Florida Natural Resources Center, Everglades National Park, Center for Remote Sensing 

and Mapping Science at the University of Georgia, Big Cypress National Preserve and 
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the South Florida Water Management District.  This system is used for projects that 

involve mapping the vegetation of Everglades National Park, Big Cypress National 

Preserve, Biscayne National Park and the SFWMD Water Conservation Areas (Jones et 

al., 2002).   

The Florida Fish and Wildlife Conservation Commission’s Plant Communities for 

Landsat Habitat Mapping (FFWCC) system has 29 major communities, as well as 15 sub 

communities.  The classification system is used for the landcover layer that is part of the 

Integrated Wildlife Habitat Ranking System.  This system is used to conduct rapid 

assessments of the fish and wildlife resources and habitat features in the state of Florida 

(Endries, et. al, 2004).    

The U.S. Fish and Wildlife Service Multi Species Recovery Plan for South 

Florida (MSRP) Ecological Communities system consists of 23 distinct communities.  

These communities are fairly broad and, as can be seen in Table 2, only two broad based 

communities from this system are present in the study area.  The ecological communities 

that are defined in this classification system are used as part of the development of habitat 

and species level recovery plans for south Florida (USFWS, 1999) 

The Florida Natural Areas Inventory (FNAI) has a classification system of 81 

natural communities within Florida (Florida Natural Areas Inventory, 1990).  This is a 

hierarchical system starting with seven natural communities that are based on hydrology 

and vegetation (terrestrial, palustrine, lacustrine, riverine, subterranean, estuarine, 

marine).  These communities are subdivided into groups and then the groups are 
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subdivided into types.  Very specific descriptions are provided for all of the types of 

communities covered by the system.   

Each of these systems was developed to address specific vegetation and landcover 

classification objectives.  The most relevant system to use for a classification project will 

depend upon the level of specificity required of the classification and the data available.  

In many cases a classification that is performed using one system can be translated into 

another system for comparison purposes using a chart like the one shown in Table 2.    

3.3  Everglades Based Vegetation Pattern Studies 

Over the past 100 years the area encompassing the historic Everglades has been 

drastically altered by numerous water control projects (Light and Dineen, 1994).  As a 

result of altered hydrology and other human influences the vegetation communities 

throughout the Everglades have been forever changed.  On a very broad scale, about 3 

million acres of wetlands have been lost to agriculture and other development, reducing 

the area of the Everglades to about half of its original size (Davis et al., 1994b).  Ongoing 

studies of the current and historic vegetation patterns throughout the Everglades are 

needed to help guide future land management and restoration decision making.   

A variety of methods have been used to assess vegetation patterns in the 

Everglades and elsewhere.  Various forms of remote sensing have been used to assess 

vegetation patterns in the Everglades since the late 1940s.  Early studies employed 

photointerpretation of aerial photoplots over successive years to analyze the changing 

composition of vegetation combined with field based transect studies (Loveless, 1959).  

More recent studies have incorporated satellite imagery and digital image analysis to 
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develop classified vegetation maps (Richardson et al., 1990).  Several important 

Everglades based vegetation pattern studies are discussed below.   

In the late 1950s Loveless (1959) documented changes in various Everglades 

vegetation communities resulting from drainage, increased fire intensity and loss of 

organic soils.  Loveless employed traditional field study techniques (transect sample plots 

and clipping studies), interviews with local residents and examination of aerial 

photographs to assess changes to the area.  Loveless identified the following factors that 

influence plant community structure in the Everglades:  water depth, period of inundation, 

rate of water level fluctuations, water quality, soil type, fire and location of frost line 

(Loveless, 1957).  However, it was suggested that hydrological cycles have the largest 

influence on vegetation changes.  In his discussion of different vegetation communities, 

Loveless seemed particularly concerned with losses of slough communities and increased 

burning of tree islands, as a result of the lowering of the water table due to drainage 

(Loveless, 1959).   

More recently, Davis et al. (1994b) utilized a previously created pre-drainage 

vegetation map and estimated the spatial coverage losses of seven different types of 

Everglades landscapes.  Davis relied upon a pre-drainage vegetation map developed by 

J.H. Davis Jr. in 1943 to develop estimates of losses in vegetation communities and the 

reduction in overall heterogeneity of the area.  The classification method involved visual 

inspection and hand drawing of vegetation polygons.  To better understand the effect of 

changing vegetation communities, Davis et al. (1994b) classified and analyzed landscape 

pattern changes from the 1960s to the 1980s on a finer spatial scale.  Aerial photographs 
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taken in the late 1960s and mid 1980s of twenty five one mile square plots were analyzed.  

Four of the plots analyzed were located within the LNWR.  The overall analysis showed 

that the most significant vegetation change occurred in the conversion of wet 

prairie/slough communities to sawgrass.   

Several studies have documented changing patterns of sawgrass and cattail 

growth throughout the Everglades (Davis, 1994a, Jensen et al., 1995, Newman et al., 

1998 and Childers et al., 2003) attributable to increased phosphorus levels in the soil and 

water, as well as altered hydrology and fire patterns.  Jensen et al. (1995) used 3 Landsat 

MSS satellite images and 2 SPOT HRV satellite images for dates ranging from 1973 to 

1991 to analyze changes in cattail and cattail/sawgrass vegetation patterns.  The study 

area was Water Conservation Area 2A which is to the south of the LNWR.  The spatial 

resolution of the imagery ranged from 79 meters for the Landsat images to 20 meter 

resolution for the SPOT images.   Various spectral techniques were used to prepare and 

analyze the images including normalization, unsupervised classification and supervised 

classification.  Using a pixel based approach Jensen et al. (1995) was able to classify the 

study area into 6 vegetation classes focusing on the presence/absence of sawgrass and 

cattail.  Through the identification of unique spectral characteristics and the use of ground 

truth data, the patterns of sawgrass and cattail change were identified.  These changes 

were then related to increased phosphorus levels within the study area.   

Newman et al. (1998) used aerial point sampling and historical data to estimate 

increasing cattail coverage in the Holey Land and Rotenberger Wildlife Management 

Areas (both to the southwest of the LNWR).  Statistical analysis was then used to relate 
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cattail density to other variables including fire, increased water depths, altered 

hydroperiod and increased nutrient levels.   

Childers et al. (2003) used vegetation and soil sampling in various Everglades 

sites (including the LNWR) to document relationships between phosphorus levels, 

biomass, and plant community patterns.  Specific findings of this study relating to the 

LNWR showed that between 1960 and 1987 there was an expansion in cattail dominated 

marsh and a reduction in overall species richness in the study area, which consisted of an 

east-west transect running slightly south of the center of the LNWR.  These changes were 

more pronounced in the western areas of the LNWR in proximity to the perimeter canal 

that contains nutrient enriched agricultural water flowing in from the Everglades 

Agricultural Area (EAA).  The studies on sawgrass/cattail patterns are relevant to the 

proposed study as these are two important vegetation communities found within the 

LNWR.       

In 1974 Hagenbuck, et al. conducted an investigation focused on the influence of 

water levels on plant community distribution in the LNWR using ground transects and 

aerial photo interpretation (Hagenbuck, et al. 1974).  Seven 100 acre plots were 

delineated within the interior of the LNWR.  Vegetation transect sampling data was 

collected at 2,715 stations within the seven plots.  The percent duration of inundation and 

depth of inundation by elevation was measured for different time periods.  This 

information was combined to develop a topographical distribution of vegetation 

communities.  Historical aerial photographs of the seven plots were analyzed and five 

plant communities (aquatic, wet prairie, sawgrass, brush interspersed with sawgrass and 
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tree island) were delineated on the photos.  The percent composition for each year was 

summarized and changes over time were observed.  The data collected in this study 

showed a definite relationship between water levels and the type and distribution of 

vegetation in the LNWR.  The results of the study were used to develop 

recommendations related to the water regulation schedule for the LNWR.    

Since 1990 two studies employing remote sensing technology were conducted 

that focused specifically on the vegetation patterns within the LNWR (Richardson et al., 

1990 and Brandt et al., 2000).  Richardson et al. (1990) conducted an in depth analysis of 

vegetation patterns and the effects of water quality, quantity and hydroperiod.  As part of 

the Richardson study a vegetation classification map using 1987 SPOT imagery was 

produced.  Re-sampled ten meter multispectral imagery was created by merging the 20 

meter multispectral data set with the 10 meter panchromatic dataset.  Eighteen vegetation 

communities were delineated in the pixel based supervised classification.  These 

communities were then consolidated into six categories to compare to the coarser level 

communities identified in the photo plot and transect studies conducted in the 1960s.  As 

previously noted, the communities identified were as follows:  aquatic, wet prairie, 

sawgrass, brush, tree island and cattail.  Further in depth analysis was conducted on the 

relationship between vegetation patterns and various biophysical factors including the 

distribution of soil nutrients, water quality and hydrology.  An in depth spatial analysis 

relating vegetation patterns to soil chemistry, water quality and hydrology was conducted.  

Data plots were produced relating various biophysical factors to the means of each 

vegetation class and also incorporating the distance to the perimeter canal.  This approach 
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provides insights into which biophysical factors may be having the largest effect on each 

vegetation class.   GIS was used to spatially relate the vegetation classifications to the 

biophysical factors.  The study concluded that there are some “disturbing” vegetation 

trends including very clear cattail expansion, especially along the perimeter canals.  It 

was determined that phosphorus is a more influential factor than hydroperiod on the 

expansion of cattail.  This study provides an in depth analysis of many of the factors 

influencing change within the LNWR.  The vegetation classification developed by 

Richardson is compared to the classifications developed in the proposed study to 

determine if the general patterns identified are similar.   

Brandt et al. (2000) also performed a change detection analysis but focused on 

tree island patterns within the LNWR.  Black and white aerial photos taken in 1950 and 

color-IR diapositives taken in 1990-91 were used for the comparison.  The spatial 

resolution ranged from 2-4 meters.  Twenty eight 1800 X 900 meter photoplots were 

selected and analyzed for each temporal set of imagery.  Changes in the quantity and 

spatial patterns of tree islands on the photo plots were analyzed.  The analysis was limited 

to the areas covered by the photo plots but the trends identified were believed to be 

indicative of the LNWR as a whole.  Spatial changes were correlated with changes in 

hydrology resulting from the impoundment of the area and the regulation of water flow 

and quantity.  The study showed the following:  that tree island coverage increased in 

areas closer to the center of the marsh (especially in the north), that tree island coverage 

decreased near the perimeter (especially in the south) and that the tree island shapes had 

become less well defined.  Changes were correlated with changes in hydrology.  
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Each of these studies provides insights into vegetation changes that have occurred 

in the Everglades and possible causal factors.  As funds and resources are committed to 

on-going research and restoration efforts within the Everglades, it is important to ensure 

that effective vegetation monitoring efforts are in place.  

3.4  Pixel Based Image Classification 

Various approaches employing remote sensing have been taken to study 

vegetation pattern in natural environments.  Jensen (2005) provides an overview of tools 

and techniques that are used to monitor and assess vegetation patterns through the use of 

various remote sensing technologies.   

Several pixel based approaches have been used in previous classification and 

change detection studies conducted in the Everglades and surrounding areas.  Rutchey et 

al. (1994) outlined the pixel based procedures used in studying vegetation patterns in 

WCA 2A.  For this project Rutchey et al. were able to produce 20 vegetation classes with 

71% accuracy and 12 vegetation classes with 81% accuracy using 20 meter SPOT 

imagery from 1991.  The methodology involved conducting an unsupervised 

classification followed by ground truthing and then using field verification information to 

perform a maximum likelihood supervised classification.  “Cluster busting” procedures 

were used on areas of sawgrass and cattail to better differentiate these classes.  “Cluster 

busting” procedures involve isolating a subset of pixels in a scene and performing 

classification procedures on just these pixels to achieve a higher level of certainty with 

the class association of these pixels.  Additional classification refinement procedures 

were also performed to address misclassification of tree island classes.           
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Jensen et al. (1995) describes the steps of preprocessing, classification and change 

detection procedures for a study conducted in WCA 2A involving both Landsat MSS 

imagery and SPOT imagery (5 images in total from mission dates ranging from 1973 to 

1991).  Regression equations were used to normalize the multi temporal imagery to 

consistent atmospheric conditions.  The process and guidelines for identifying 

“normalization targets” was outlined.  A detailed overview of the process used to identify 

vegetation classes was provided.  This process involved the use of the red and near 

infrared bands, identifying core clusters of vegetation and then fine tuning core clusters 

into more specific vegetation types.  Using this method the researchers were able to 

quantify and spatially illustrate the expansion of cattail in WCA 2A.   

 These pixel based remote sensing studies have provided valuable information on 

vegetation patterns and processes within the Everglades.     

3.5  Object Based Image Classification 

Object oriented image analysis incorporates both spectral and spatial information.  

Image objects are created by grouping pixels that have similar spectral and spatial 

characteristics.   Jensen (2005) provides an overview of object oriented image 

segmentation and classification techniques.  This discussion includes an overview of the 

mathematics involved in creating image objects that contain relatively homogenous 

spectral, as well as spatial characteristics.  The process of classifying the image objects 

and incorporating ancillary data, such as elevation, geology, and other factors, is also 

reviewed.   
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The eCognition Users Manual (Definiens Imaging GmbH, 2002) provides a 

thorough overview of the major concepts involved in object oriented image analysis.  

eCognition is an object-based processing software program made available in 2000 from 

Definiens Imaging GmbH.  The manual provides an explanation of the steps of multi 

resolution segmentation.  The segmentation process makes use of the concept of scale 

and the idea that different types of features in a landscape can be identified depending 

upon the scale.  The segmentation process used by eCognition involves algorithms that 

cluster the image by minimizing the heterogeneity of resulting image objects (or groups 

of pixels).  The concept of heterogeneity takes into consideration both spectral 

characteristics and shape characteristics.  The software allows the user to input varying 

weights to be applied to the spectral and shape formulas that are used to create the image 

objects.  The software also allows the user to manipulate the scale factor which will 

dictate the size of the image objects.  When performing a segmentation in eCognition the 

resulting image is comprised of image objects that are made up pixels which are assigned 

the average spectral values for the pixels within the boundary of the object.  The resulting 

image can then be classified by applying classification algorithms to the spectral data 

making up the image. 

Geneletti and Gorte (2003) describe a procedure which combines the use of point 

based classification and object oriented classification on different spatial resolution 

imagery of the same study area in northern Italy.  The approach involves performing a 

pixel based classification on Landsat imagery and using these results in an object oriented 

classification of a high resolution black and white orthophoto.  Incorporating the object 
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oriented techniques improved the average accuracy and average reliability by about 2% 

(Geneletti and Gorte, 2003).  For some individual classes the improvements were higher.  

 Benz et al. (2004) provides a summary of the object oriented image analysis 

methods used by eCognition software.  The concepts of scale, image semantics, 

segmentation, hierarchical object networks and fuzzy classification are reviewed.  Walter 

(2004) outlines many of the same concepts and illustrates how object based classification 

can be used for change detection.  

Yan et al. (2006) provides a comparison of the use of object-oriented and pixel 

based image classification for a coal fire area in China.  Fifteen meter ASTER imagery 

was classified using (1) a pixel based, maximum likelihood classification approach and (2) 

an object oriented, nearest neighbor classification approach using eCognition software.  It 

was concluded that the accuracy of the object oriented classification was 36.77% better 

than the pixel based approach (Yan, et al., 2006).  This research provided an in depth 

overview of the methodology used to perform a comparison of the two different 

classification techniques.   
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CHAPTER 4 - METHODS 

4.1  Data  

 This study involved the use of satellite imagery, aerial photos and GIS point data 

from various sources.      

 The satellite imagery was acquired from the United States Geological Survey 

(USGS) Earth Explorer website.  The scene used for this study was from the Landsat 5 

satellite, Path 15, Row 42 acquired on 4/15/05.  This scene was selected after an online 

review of 2004 and 2005 images.  The chosen image was the newest scene with the least 

amount of cloud cover over the study area.  Prior to purchase the scene was processed 

using the following National Landsat Archive Process Systems (NLAPS) parameters:  

pixel size of 30 meters, Universal Transverse Mercator projection, WGS84 datum, 

nearest neighbor resampling, map image orientation (orientation of the image is north up) 

in GeoTiff format.   

Landsat 5 imagery provides data collected across seven distinct regions of the 

electromagnetic spectrum including the visible, near-infrared, mid-infrared and thermal 

infrared regions (Table 3) (Jensen, 2005).  This results in imagery with seven bands of 

data.   
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Table 3.  Landsat 5 bands and regions of electromagnetic spectrum data collection 
(Jensen, 2005) 
Band Wavelength (µm) Region 

Band 1 0.45-0.52 Visible (blue) 

Band 2 0.52 – 0.60 Visible (green) 

Band 3 0.63 – 0.69 Visible (red) 

Band 4 0.76 – 0.90 Near Infrared 

Band 5 1.55 – 1.75 Mid Infrared 

Band 6 10.4 – 12.5 Thermal Infrared

Band 7 2.08 – 2.35 Mid Infrared 

 

For this study, two datasets were created.  One included the seven bands of raw 

spectral data with the addition of an NDVI band.  The other data set was created using the 

seven spectral bands plus the NDVI band and principal components analysis to reduce 

the data down to three principal component bands.  A texture layer was added to this 

dataset to create a four band image.  A review of the eigenvectors for the data revealed 

that the first principal component band (PCA 1) explained 95.03% of the variance in the 

data.  The second principal component band explained 3.37% of the variance in the data 

and the third principal component band explained 1.40% of the variance.  The degree of 

correlation between the PCA bands each band of the of the imagery is summarized in 

Table 4.  PCA 1 has high correlations with most of the bands indicating that the data 

contained in the original bands were correlated to each other.  PCA 2 has high correlation 



 

with Band 5 and Band 7 indicating that this PCA band is capturing data from the infrared 

bands.   

Table 4.  Degree of correlation (R) between each band and the 3 PCA bands 

Original 
Bands PCA1 PCA2 PCA3

1 0.995 -0.087 0.016
2 0.995 -0.044 -0.016
3 0.985 0.037 0.072
4 0.931 0.173 -0.320
5 0.915 0.388 0.109
6 0.994 -0.109 0.020
7 0.894 0.352 0.216
8 0.858 0.116 -0.453  

One meter resolution aerial images of the study area in digital format were 

downloaded from the Land Boundary Information System (www.labins.org) website.  

Twenty five digital orthophoto quarter quad (DOQQ) images make up the study area.  

These images were downloaded in both normal color (RGB) and false color (CIR) 

formats in the NAD 1983, State Plane Florida East projection.  These images were used 

to identify areas containing the different vegetation communities.  This information was 

used in developing the training data used in the classification process and to develop 

reference data for accuracy assessment.   

 Vegetation observation data in GIS format were obtained from the South Florida 

Water Management District (SFWMD).  This data was collected in 2004 and 2005 to 

assist in a separate project to map vegetation communities in the LNWR using photo 

interpretation methods applied to high resolution aerial images.  The data consisted of 

five ArcGIS shapefiles which contained a total of 433 points located within the interior 

marsh and adjacent to the perimeter levee surrounding the marsh.  The data was collected 

 
-31- 



 

 
-32- 

by SFWMD staff using a GPS.  The attribute tables for these shapefiles contained latitude 

and longitude coordinates, a species level description of the vegetation at each site and 

the date each site was visited. 

 Additional vegetation data was obtained from the U.S. Fish and Wildlife Service 

at the LNWR.  As part of the monthly water quality sampling missions which occur 

within the LNWR a brief vegetation survey is conducted at each water quality monitoring 

site.  The survey includes qualitative species level information of the site and 

immediately surrounding areas.  Point data of each water quality monitoring station was 

collected by refuge biologists using a GPS.               

4.2  Data Preparation  

 Prior to conducting the classifications several procedures were performed to 

prepare the data.  The satellite image was clipped down from its original size to include 

only the area in the vicinity of the refuge.  The subset image tool in Erdas Imagine 9.0 

was used to create the subsetted  image.   

Erdas Imagine 9.0 software was used to perform image to image registration of 

the satellite image to the DOQQ images to get all images in the same projected 

coordinate system and to ensure that the same geographic areas on both sets of imagery 

were in the same ground locations.  A total of 11 ground control points (GCP) located in 

visually distinct areas around the perimeter of the marsh were used for the registration.  

The GCPs chosen included canal and street intersections, corners of the perimeter canal 

and other locations which were distinctive on both images.  A first order affine 

polynomial transformation was used for the spatial interpolation and nearest neighbor 
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resampling was used for the intensity interpolation.  A total root mean square (RMS) 

error of 4.67 meters was achieved. 

A Normalized Difference Vegetation Index (NDVI) band was developed using 

the following formula (Brighness value(BV) of near infrared band – BV of red 

band)/(BV of near infrared band + BV of red band).  Erdas Imagine was used to create 

the NDVI band.  This band was stacked with the other seven spectral bands to create an 

eight band image.  This image is referred to as the Spectral/NDVI image.     

 Once the satellite imagery was registered Erdas Imagine was used to clip out the 

area of the interior of the marsh from the subsetted satellite image.  The AOI (area of 

interest) tool and the subset image tool was used to perform this procedure.  Figure 3 

shows the sequence of pre-processing steps that were performed on the satellite imagery. 

 The Principal Components analysis tool in Erdas Imagine 9.0 was used to create 

three principal components bands (PCA1, PCA2, PCA3).  Erdas Imagine 9.0 was also 

used to create a 3X3 variance texture band using the NIR (band 4) spectral data.  These 

bands were stacked to create a four band image.  This image is referred to as the 

PCA/Texture image.   



 

 
Figure 3. Sequence of pre-processing steps performed on satellite imagery. 

Original satellite scene 

NDVI band 

Subset and registered 

Final image of marsh interior 

    

To prepare the vegetation GIS data the species level vegetation point data were 

first separated into points within the interior marsh and points falling outside of the 

perimeter canal.  The points outside of the perimeter canal were excluded.  This removed 

129 points.  The remaining 304 points were then categorized into the six vegetation 

communities to be used for the mapping based on the vegetation species present and 
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visual review of each point on the aerial photos.  Based on the types of vegetation species 

observed each point was categorized as either Wet Prairie, Tree Island, Brush, Sawgrass, 

Cattail, Open Water/Aquatic or uncertain.  Each point was then reviewed visually by 

plotting the point with the aerial photo as a background to confirm via visual inspection 

the vegetation community.  Any points that were categorized as uncertain were not used.  

The breakdown of the points in the various classes was as follows:  158 wet prairie points, 

37 tree island points, 61 brush points, 22 cattail points, 15 aquatic/open water points, 3 

sawgrass points and 8 unknown points.  Table 5 summarizes the vegetation species that 

were observed for each class.  Separate GIS shapefiles were created with the points for 

each vegetation class.   

Additional point data from the U.S. Fish and Wildlife Service was obtained which 

included the geographic coordinates and vegetation present at each of the water quality 

monitoring stations located throughout the refuge.  This data contained a description of 

the vegetation at the water quality monitoring site and in the surrounding areas.  This data 

was used to supplement the SFWMD vegetation data.   

 All of the point data was plotted using GIS with the aerial photos as a background.  

The locations were reviewed to determine if it appeared that the points were located in 

the corresponding vegetation community on the aerials and to determine the spatial extent 

of the vegetation community.  Based on this review a subset of points was selected to be 

used for the creation of training data and for the creation of reference points for accuracy 

assessment.  In some cases new points were created based on identification of vegetation 

communities by photo interpretation.  Two separate shapefiles were created for each class:   



 

Table 5. Species observations by class. 
Primary Vegetation Species

Community Common Scientific
Wet Prairie leather ferm Acrostichum aureum

common bushy bluestem Andropogon glomeratus
smallfruit beggarticks Bidens mitis
buttonbush Cephalanthus occidentalis
sawgrass Cladium jamaicense
fragrant flatsedge Cyperus odoratus 
spike rush Eleocharis sp.
dog fennel Eupatorium capillifolium
marsh pennywort Hydrocotyle umbellata
duckweed Lemna sp.
wax myrtle Myrica cerifera
maidencane Panicum hemitomon 
green arum Peltandra virginica 
smartweed Polygonum sp.
pickerelweed Pontederia cordata
beaksedge Rhynchospora sp.
arrowhead Sagittaria lancifolia
Carolina willow Salix caroliniana
water spangles Salvinia minima
goldenrod Solidago fistulosa 
cattail Typha domingensis
yellow eyed grass Xyris smalliana 

Tree Island red maple Acer rubum
Pond apple Annona glabra
swamp fern Blechnum serrulatum 
cocoplum Chrysobalanus icaco
Dahoon holly Ilex cassine
old world climbing fern Lygodium microphyllum
wax myrtle Myrica cerifera
swamp bay Persea barbonia
red bay Persea palustris
Brazilian pepper Schinus terebinthifolius
laurel greenbriar Smilax laurifolia

Brush leather ferm Acrostichum aureum
Pond apple Annona glabra
swamp fern Blechnum serrulatum 
cocoplum Chrysobalanus icaco
sawgrass Cladium jamaicense
dog fennel Eupatorium capillifolium
Dahoon holly Ilex cassine
Peruvian primrose willow Ludwigia peruviana
old world climbing fern Lygodium microphyllum
Punk tree Melaleuca quinquenervia
climping hempweed Mikania scadens
wax myrtle Myrica cerifera
Carolina willow Salix caroliniana
Brazilian pepper Schinus terebinthifolius
cattail Typha domingensis

Sawgrass sawgrass Cladium jamaicense

Cattail pickerelweed Pontederia cordata
arrowhead Sagittaria lancifolia
Carolina willow Salix caroliniana
cattail Typha domingensis

Aquatic open water
spike rush Eleocharis sp.
white water lily Nymphae odorata
cattail Typha domingensis        
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one with the reference points used for accuracy assessment and one with the training data 

points used to create signature files for the different vegetation classes.   

4.3  Pixel Based Procedures 

 The following procedures were used to develop the pixel based vegetation 

classifications for both the spectral/NDVI image and the PCA/texture image.   Erdas 

Imagine 9.0 was used to conduct the pixel based classifications.  Each image was loaded 

into a viewer along with the training data point shapefiles for each vegetation community.  

Training area signature files were developed using the points in the shapefiles as a 

reference.  Each training area point location for each class was zoomed in on and the 

“AOI region growing tool” was used to create training areas.  The “grow at inquire 

cursor” tool was used with the spectral Euclidian distance set to between 4 and 8 

depending upon the class.  Several signature files were created for each vegetation 

community.   

As the signature files were collected the image alarm tool and the histogram tool 

were used to evaluate the data.  The image alarm tool provides an indication of the pixels 

that will likely belong to the selected class when the classification is complete.  The 

histogram tool shows the distribution of brightness values for the pixels in the training 

area.   

According to Jensen (2005) the minimum number of pixels that should be used 

for each training area class is ten times the number of bands in the imagery.  For this 

project the spectral/NDVI image has 8 bands, so at least 80 pixels of training data were 



 

collected for each class.  The number of pixels used in the training data for each class is 

summarized in Table 6. 

Table 6. Number of training data pixels used for each class   
Community Training Data Pixels
Wet Prairie 968
Tree Island 650
Brush 1109
Sawgrass 302
Cattail 1381
Aquatic 117  

 

Once all of the training data was collected a supervised classification was 

performed.  For the spectral/NDVI image the following decision rule parameters were 

used when performing the supervised classification: 

Non-Parametric Rule:  Parallelepiped 
Overlap:  Parametric Rule 
Unclassified:  Parametric Rule 
Parametric Rule:  Minimum Distance 
 

For the PCA/texture image two sets of decisions rule parameters were used when 

performing the supervised classifications: 

1.  Non-Parametric Rule:  Parallelepiped 
Overlap:  Parametric Rule 
Unclassified:  Parametric Rule 
Parametric Rule:  Minimum Distance 

 
2. Non-Parametric Rule:  None 

Parametric Rule:  Maximum Likelihood 
 

4.4  Object Based Procedures 

 The first step in the object based procedures involved performing a multi-

resolution image segmentation to create homogenous image objects.  ECognition 

software was used to perform the image segmentation.  Segmented image files were 
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created by varying the layer weights, scale factor, color and compactness parameters.  

Numerous combinations of these parameters were tested.  Appendix A contains a 

summary of parameter combinations that were tested.  Table 7 summarizes the 

parameters that were determined to provide the best segmented images for each of the 

raw data image files (the Spectral/NDVI image and the PCA/Texture image). 

Table 7.  Summary of segmentation parameters used. 
Segmented 

Image 
Layer Weights* Scale 

Factor 
Color Compact 

Spectral/NDVI 
Image 

B1,B2,B3, B6 set 
to 0. B4, B5, B7, 
B8(NDVI) set to 
1.0 

7 0.9 0.5 

PCA/Texture 
Image 

All 4 layers set to 
1.0 

10 0.9 0.5 

*B = band (i.e. for Spectral/NDVI image, B1 = Band 1 of the Landsat imagery) 

 The image segmentation process involves the creation of new image in which the 

pixel level data is converted into the average characteristics of the pixels that make up 

each object.   For the Spectral/NDVI image only the infrared bands (B4, B5, B7) and the 

NDVI band were used in creating the objects.  For the PCA/Texture image all three PCA 

bands and the texture band were used.  For each band the brightness value of the object 

was determined by averaging the brightness values of the pixels that made up the object.  

These averaged brightness values were then used in place of the individual pixel 

brightness values.  The segmented images were then exported from eCognition.  Erdas 

Imagine 9.0 was then used to perform supervised classifications on each image.  All of 

the same training data and classification parameter that were used for the pixel based 

classification were used when performing the classification on the segmented image.       
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4.5  Accuracy Assessment 

 An accuracy assessment was performed on the classified pixel based images and 

on each of the classified segmented images.  An Excel file containing the geographic 

coordinates of 161 point locations was exported from the reference data shapefiles using 

ArcGIS.  The data in the Excel file included the geographic coordinates of each reference 

point and the vegetation community that the point was located in.  The Excel file was 

then converted into a text file so that the data could be imported into Erdas Imagine.  The 

Accuracy Assessment tool in Erdas Imagine was used to perform the accuracy 

assessment.  The reference point data was uploaded into the accuracy assessment tool and 

the accuracy report was run.  These steps were repeated for each image.     

Table 8 summarizes the number of reference points for each vegetation community and 

Figures 4-9 shows the location of the reference points for each vegetation community. 

Table 8.  Reference points by vegetation community. 

Community  Number of Reference Points 
Wet Prairie 50 
Tree Island 37 
Sawgrass 18 
Cattail 16 
Brush 22 
Open Water 18 
TOTAL 161 



 

 
Figure 4. Wet prairie reference points 

 
Figure 5.  Tree Island reference points 

  
Figure 6. Sawgrass reference points         Figure 7.  Cattail reference points 
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Figure 8.  Brush reference points 

 
Figure 9.  Open water reference points 

 

Accuracy assessment matrices were prepared for each classification that was performed.  

Kappa analysis was performed.  Kappa analysis is a discrete multivariate technique used 

to take into consideration the possibility of “chance agreement” in the accuracy 

assessment results.  Excel was used to summarize this information.    

4.6  Comparison Procedures 

 Upon completion of the accuracy assessments several comparisons were 

performed using the Spatial Analyst tools in ArcGIS.  A comparison was performed 

between the most accurate pixel based classification and the most accurate object based 

classification.  This comparison was done by first using the Reclass tool to reduce the six 

original vegetation community classes to the three combined classes of All Wet Prairie, 
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Tree Island/Brush and Aquatic.  The Extract by Attribute tool was used to create a Raster 

layer for each vegetation community from the pixel based classification.  Then the Minus 

tool in Spatial Analyst (Math, Trigonometric) was used to develop a summary matrix of 

pixels that were one vegetation community in the pixel based classification and a 

different vegetation community in the object based classification.  Similar comparison 

procedures were used to analyze changes in vegetation communities between the 2005 

classification and the 1988 classification that was performed by Richardson.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

CHAPTER 5 – DISCUSSION 

5.1 Classification Results 

Six classified images were created using the different methods and data sets.  The 

classified images can be found in Appendix B1-B6.  The acreage values vary 

considerably between the methods used to conduct the classifications.  Table 9 provides a 

summary of the acres in each vegetation community by classification method. 

Table 9. Acres by vegetation community and classification method 
Pixel Pixel Object Pixel Object Object

Spectral/NDVI PCA/Texture Spectral/NDVI PCA/Texture PCA/Texture PCA/Texture
Parallelpiped Max. Likelihood Parallelpiped Parallelpiped Max. Likelihood Parallelpiped

Wet Prairie 71,789 68,631 59,899 62,401 56,340 72,311
Sawgrass 26,973 18,302 30,406 20,213 20,667 28,113
Cattail 16,485 29,431 12,402 29,055 33,484 22,612
Tree Island 6,752 7,288 23,849 11,051 6,521 7,907
Brush 16,018 14,458 7,644 15,369 20,701 5,269
Aquatic 1,249 1,154 5,063 1,177 1,553 3,053

139,265 139,265 139,265 139,265 139,265 139,265  
 

The overall accuracy of the classified images ranged from 54.04% to 70.19%, while 

Kappa ranged from 42.78% to 62.81%.  The pixel based, Spectral/NDVI image created 

using the parallelepiped algorithm had the best overall accuracy and Kappa.  Table 10 

summarizes the results and Appendix C contains the detailed accuracy assessment tables. 
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Table 10. Summary of accuracy assessment (AA) results (6 classes).   
Method Data Algorithm Overall AA Kappa
Pixel Spectral/NDVI parallelpiped 70.19% 62.81%
Pixel PCA/Texture max likelihood 66.46% 57.76%
Object Spectral/NDVI parallelpiped 62.11% 52.86%
Pixel PCA/Texture parallelpiped 60.25% 50.63%
Object PCA/Texture max likelihood 58.39% 48.98%
Object PCA/Texture parallelpiped 50.93% 42.78% 

 The accuracy levels for the classifications were lower than expected.  This is most 

likely due to the level of specificity of the vegetation classes that were used and the 

spatial resolution of the satellite imagery (30 meter).  There is some overlap in the plant 

species in the wet prairie, sawgrass and cattail classes, as well as in the tree island and 

brush classes (see Table 4).  The overlap in vegetation species is likely contributing to 

spectral signature confusion.  The spatial resolution of the imagery is 30 meters which 

may be too large to be able to accurately identify species level vegetation communities.   

 In order to develop a classification with a higher accuracy level the vegetation 

classes were combined to create the following broader communities:  all wet prairie 

(which includes wet prairie, sawgrass and cattail classes), tree island/brush (which 

includes the tree island and brush classes) and aquatic.  Six images were created using the 

broader communities.  The classified images can be found in Appendix D1-D6.  Table 11 

provides a summary of the acres in each vegetation community by classification method. 

Table 11. Acres by combined vegetation community and classification method. 

Pixel Pixel Object Pixel Object Object
Spectral/NDVI PCA/Texture Spectral/NDVI PCA/Texture PCA/Texture PCA/Texture
Parallelpiped Max. Likelihood Parallelpiped Parallelpiped Max. Likelihood Parallelpiped

All Wet Prairie 115,247 116,364 102,708 111,669 110,490 123,036
Tree Island/Brush 22,769 21,746 31,494 26,419 27,222 13,176
Aquatic 1,249 1,154 5,063 1,177 1,553 3,053

139,265 139,265 139,265 139,265 139,265 139,265  
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When the vegetation classes were combined to the three broader vegetation communities 

the overall accuracy levels improved to between 81.99% and 87.58%.  Kappa ranged 

from 68.96% to 78.57%.  Again, the pixel based, Spectral/NDVI image created using the 

parallelepiped algorithm had the best accuracy.  Table 12 summarizes the results and 

Appendix E contains the detailed accuracy assessment tables. 

Table 12. Summary of accuracy assessment (AA) results (3 classes).   

Method Data Algorithm 
Overall 
AA 

Kappa 

Pixel  Spectral/NDVI parallelepiped 87.58% 78.57% 
Pixel  PCA/Texture max likelihood 86.96% 77.46% 
Object Spectral/NDVI parallelepiped 81.99% 68.96% 
Pixel  PCA/Texture parallelepiped 86.34% 76.28% 
Object PCA/Texture max likelihood 82.61% 69.82% 
Object PCA/Texture parallelepiped 84.47% 72.79% 

 

5.2 Comparison of Pixel Based and Object Based Results 

A comparison was performed to better understand the classification differences 

between the most accurate pixel based classification and the most accurate object based 

classification.  The pixel based, Spectral/NDVI image created using the parallelepiped 

algorithm was compared to the object based, PCA/Texture image created using the 

parallelepiped algorithm.  The vegetation classifications with just three classes were used 

when this comparison was performed.  ArcGIS was used to evaluate the differences in 

the vegetation communities for each image.  Table 13 provides a summary of the 

differences between the two classification methods.  Appendix F provides a map showing 

the areas that were classified differently.   

 



 

Table 13. Summary of areas classified differently. 

Pixel Object
Classification Classification # Acres % of Total

Tree Island/Brush Wet Prairie 13,042  9.4%
Wet Prairie Tree Island/Brush 3,390    2.4%
Wet Prairie Aquatic 1,458    1.0%

Aquatic Wet Prairie 152        0.1%
Tree Island/Brush Aquatic 56          0.0%

Aquatic Tree Island/Brush 17          0.0%
No difference No difference 121,150 87.0%

Total 139,265  

 There are several likely reasons for the differences between the two classification 

methods.  One of the main reasons relates to the spatial extent of the vegetation 

communities in the northern portion of the Refuge.  The area in the northern portion of 

the Refuge had the most inconsistencies with large areas being classified as Tree 

Island/Brush using the pixel based method and the same areas being classified as Wet 

Prairie using the object based method.  This area of the Refuge is characterized by large 

areas of wet prairie intermingled with small tree islands and other brush vegetation.  The 

spatial extent of the vegetation patterns in this area is likely smaller than the 30 meter 

resolution of the imagery.  Thus, the pixels were a mix of both wet prairie and tree 

island/brush spectral information causing confusion in the classification process.    

5.3 Comparison of Results to 1987 Vegetation Classification Completed by 
Richardson et al. (1990) 

 

Richardson et al. (1990) produced a vegetation classification map using 10 meter, 

pan sharpened, 1987 SPOT imagery.  Eighteen vegetation communities were delineated 

in the original pixel based supervised classification.  These communities were then 

consolidated into six categories to compare to the other historical studies.  As previously 
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noted, the communities identified were as follows:  aquatic, wet prairie, sawgrass, brush, 

tree island and cattail.  In order to compare the vegetation patterns identified in this study 

to the vegetation patterns identified by Richardson et al. (1990) a new image was created 

from the Richardson classified image using the combined classes of all wet prairie, tree 

island/brush and aquatic.  Appendix G shows the resulting image created from the 

Richardson classification using the three broad classes.     

To better understand the vegetation pattern changes that have occurred since 1987, 

the same procedures that were used to compare the pixel based classification to the object 

based classification were used to compare the pixel based classification produced by this 

study to the new image derived from the Richardson classification.  The vegetation 

classifications with just three classes were used when this comparison was performed.  

ArcGIS was used to evaluate the differences in the vegetation communities for each 

image.  Table 14 provides a summary of the differences between the two classifications.  

Appendix F provides a map showing the areas that were classified differently.   

Table 14. Summary of areas classified differently. 

1987 2005
Classification Classification # Acres % of Total

Tree Island/Brush Wet Prairie 17,590   12.6%
Wet Prairie Tree Island/Brush 13,567   9.7%
Wet Prairie Aquatic 856        0.6%

Aquatic Wet Prairie 262        0.2%
Tree Island/Brush Aquatic 152        0.1%

Aquatic Tree Island/Brush 33           0.0%
No difference No difference 106,874 76.7%

Total 139,334  
(Note:  The total acreage for the 1987 classification is different than the 2005 
classification due to differences in the delineation of the refuge boundary.  The total 
acreage difference is 69 acres, less than 0.05% of the total area of the refuge studied.)  
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 The majority of the observed changes relate to transitions between wet prairie and 

tree island/brush communities.  Spatially there is more transition from tree island/brush to 

wet prairie in the southern half of the Refuge than the northern half, with 69% of these 

changed pixels occurring in the south.  There is slightly more of a transition from wet 

prairie to tree island/brush in the northern portion of the Refuge, with 58% of these 

changed pixels occurring in the north.   

 There are a number of reasons that may be contributing to the differences in the 

two vegetation community classifications.  There has likely been some transition of 

vegetation communities due to both natural successional trends and anthropogenic 

influences.  The major anthropogenic influences that have been shown to influence 

Everglades vegetation include altered hydrology and increased nutrient levels (Childers, 

2003, Davis, 1994a, Hagenbuck, 1974).  Other contributing factors to the differences in 

the classifications include the different spatial resolution of the imagery used in the two 

studies and possible classification inaccuracies in both studies.     
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CHAPTER 6 – CONCLUSION 

6.1  Limitations of Study 

There are a number of factors that could be influencing the results of this study.    

A recent study (Harwell et al., 2007) illustrated that the LNWR can be divided into zones 

of differing water quality depending upon the distance from the nutrient laden perimeter 

canal.  This study characterized the Refuge as having three distinct zones of differing 

water quality within the interior of the Refuge (perimeter, transition and interior).  It is 

possible that there may be geographical signature extension issues due to the effects of 

differing water quality on marsh vegetation.  The spectral characteristics of vegetation 

communities may be different depending upon their spatial location due to exposure to 

nutrients.  The spatial differences in water quality across the Refuge could be affecting 

the classification results. 

The accuracy level of the 1990 Richardson et al. study was not published.  Thus, 

the accuracy of the change detection analysis between the 1987 and 2005 classifications 

is not known.  In addition, though an accuracy assessment was performed on the 2005 

classification, there was limited reference data for some vegetation communities, 

especially sawgrass, cattail and brush communities (see Table 7).  Thus, the true accuracy 

levels of these classes could be different than the reported accuracy levels. 
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 Possible future research could include replicating this study using higher spatial 

and/or spectral resolution imagery.  Several possible data sources could be used.  One 

meter spatial resolution digital orthoquarter quads (DOQQs) using the near infrared, red 

and green spectral bands are readily available for south Florida.  This imagery may 

improve the classification results due to the greatly improved spatial resolution.  The 

object based classification approach may be useful for manipulating this type of imagery 

due to the large amount of data and the importance of the contextual information.  One 

reason for the lower accuracy results of the object based classifications in this study is 

likely related to the spatial resolution of the imagery.  By performing a segmentation on 

30 meter resolution imagery in a heterogeneous landscape, some important information 

was probably lost.  By using higher resolution imagery such as DOQQs the segmentation 

process may serve to improve the overall classification results.   

Other factors influencing the results could include the spatial resolution of the 

imagery, the band combinations that were chosen to perform the classifications (i.e. the 

inclusion of the NDVI band with the spectral bands and the inclusion of the texture band 

with the principal components bands), the segmentation parameters chosen to create the 

object based image, the algorithms used to perform the different classifications 

(parallelpiped vs. maximum likelihood) and the choice of signatures areas used to 

classify each vegetation community.     

6.2  Significance of Study 

 The results of this study provide some insights into the usefulness of using 

Landsat satellite imagery to monitor vegetation community trends within a large south 
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Florida wetland system.  This study illustrates that species specific vegetation 

communities will be identified with lower accuracy levels than more broadly defined 

vegetation communities.  The study also illustrates that pixel based procedures produce 

more accurate vegetation community classifications than object based classifications for 

this type of landscape and this resolution of imagery.   

 The comparison between the 1987 and 2005 classifications provides some 

insights into possible vegetation community transition trends occurring within the LNWR.  

Though other factors may be affecting these results, it appears that there may be a spatial 

trend of transition from wet prairie to tree island/brush in the northern portion of the 

Refuge and transition from tree island/brush to wet prairie in the southern portion of the 

Refuge.       
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Appendix A. Tested Segmentation Parameters

Test # Layer Weights Scale Factor Color Compactness Accuracy
1 B1 = 0, all others at 1.0 10 0.8 0.5 53.50%
2 B1 = 0, all others at 1.0 5 0.8 0.5 53.90%
3 NDVI band only 10 0.8 0.5 17.20%
4 NDVI band only 5 0.8 0.5 23.90%

5
B1, B2, B3, B6 set to 0. All 
others set to 1.0 7 0.5 0.5 42.20%

6
B1, B2, B3, B6 set to 0. All 
others set to 1.0 7 0.9 0.5 58.89%

7
B1, B2, B3, B6 set to 0. All 
others set to 1.0 5 0.9 0.5 58.89%

8
B1, B2, B3, B6 set to 0. All 
others set to 1.0 7 0.9 0.2 56.11%

9
B1, B2, B3, B6, B8 set to 0. 
All others set to 1.0 5 0.9 0.5 58.33%  
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Appendix B1. Pixel, Spectral/NDVI, Parallelepiped 
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Appendix B2. Pixel, PCA/Texture, Maximum Likelihood 
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Appendix B3. Object, Spectral/NDVI, Parallelepiped 
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 Appendix B4.  Pixel, PCA/Texture, Parallelepiped 
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Appendix B5. Object, PCA/Texture, Maximum Likelihood 
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Appendix B6. Object, PCA/Texture, Parallelepiped 
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Appendix C.  Accuracy Assessment tables

Pixel, Spectral/NDVI, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 16 0 0 0 0 0 16 18 16 88.89% 100.00%
Tree Island 0 34 8 0 1 1 44 37 34 91.89% 77.27%
Brush 0 1 9 3 2 4 19 22 9 40.91% 47.37%
Wet Prairie 1 2 1 34 4 1 43 50 34 68.00% 79.07%
Sawgrass 1 0 1 3 11 1 17 18 11 61.11% 64.71%
Cattail 0 0 3 10 0 9 22 16 9 56.25% 40.91%

18 37 22 50 18 16 161 161 113
Overall Accuracy 70.19%
Kappa 62.81%

Pixel, PCA/Texture, max. likelihood
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 16 0 0 0 0 0 16 18 16 88.89% 100.00%
Tree Island 0 30 11 0 0 1 42 37 30 81.08% 71.43%
Brush 0 2 8 3 2 5 20 22 8 36.36% 40.00%
Wet Prairie 2 1 1 39 5 2 50 50 39 78.00% 78.00%
Sawgrass 0 0 1 2 9 3 15 18 9 50.00% 60.00%
Cattail 0 4 1 6 2 5 18 16 5 31.25% 27.78%

18 37 22 50 18 16 161 161 107
Overall Accuracy 66.46%
Kappa 57.76%

Object, Spectral/NDVI, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 16 0 0 1 0 0 17 18 16 88.89% 94.12%
Tree Island 0 35 11 2 5 1 54 37 35 94.59% 64.81%
Brush 0 0 1 3 2 1 7 22 1 4.55% 14.29%
Wet Prairie 0 2 2 31 1 1 37 50 31 62.00% 83.78%
Sawgrass 2 0 5 6 6 2 21 18 6 33.33% 28.57%
Cattail 0 0 3 7 4 11 25 16 11 68.75% 44.00%

18 37 22 50 18 16 161 161 100
Overall Accuracy 62.11%
Kappa 52.86%

Pixel, PCA/Texture, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 13 0 0 0 0 0 13 18 13 72.22% 100.00%
Tree Island 3 27 12 0 0 2 44 37 27 72.97% 61.36%
Brush 0 7 7 3 3 3 23 22 7 31.82% 30.43%
Wet Prairie 2 1 0 34 2 1 40 50 34 68.00% 85.00%
Sawgrass 0 0 1 0 9 3 13 18 9 50.00% 69.23%
Cattail 0 2 2 13 4 7 28 16 7 43.75% 25.00%

18 37 22 50 18 16 161 161 97
Overall Accuracy 60.25%
Kappa 50.63%

object, pcatexture, max. likelihood
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 15 0 0 0 0 0 15 18 15 83.33% 100.00%
Tree Island 1 30 7 0 0 1 39 37 30 81.08% 76.92%
Brush 1 2 8 6 4 2 23 22 8 36.36% 34.78%
Wet Prairie 1 0 5 25 2 2 35 50 25 50.00% 71.43%
Sawgrass 0 0 0 4 7 2 13 18 7 38.89% 53.85%
Cattail 0 5 2 15 5 9 36 16 9 56.25% 25.00%

18 37 22 50 18 16 161 161 94
Overall Accuracy 58.39%
Kappa 48.98%

object, pcatexture, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island Brush Wet Prairie Sawgrass Cattail Row Total Column Total # Correct Producers Users
Aquatic 15 0 0 2 0 0 17 18 15 83.33% 88.24%
Tree Island 0 28 10 1 0 1 40 37 28 75.68% 70.00%
Brush 0 6 1 0 2 2 11 22 1 4.55% 9.09%
Wet Prairie 2 0 5 30 3 5 45 50 30 60.00% 66.67%
Sawgrass 1 0 3 7 10 5 26 18 10 55.56% 38.46%
Cattail 0 3 3 10 3 3 22 16 3 18.75% 13.64%

18 37 22 50 18 16 161 161 87
Overall Accuracy 54.04%
Kappa 42.78%
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Appendix D1. Pixel, Spectral/NDVI, Parallelepiped  
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Appendix D2. Pixel, PCA/Texture, Maximum Likelihood  

 
-66- 



 

Appendix D3. Object, Spectral/NDVI, Parallelepiped  
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Appendix D4.  Pixel, PCA/Texture, Parallelepiped 
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Appendix D5. Object, PCA/Texture, Maximum Likelihood 
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Appendix B6. Object, PCA/Texture, Parallelepiped  
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Appendix E.  Accuracy Assessment tables

Pixel, Spectral/NDVI, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 16 0 0 16 18 16 88.89% 100.00%
Tree Island/Brush 0 52 11 63 59 52 88.14% 82.54%
Wet Prairie 2 7 73 82 84 73 86.90% 89.02%

18 59 84 161 161 141
Overall Accuracy 87.58%
Kappa 78.57%

Pixel, PCA/Texture, max. likelihood
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 16 0 0 16 18 16 88.89% 100.00%
Tree Island/Brush 0 51 11 62 59 51 86.44% 82.26%
Wet Prairie 2 8 73 83 84 73 86.90% 87.95%

18 59 84 161 161 140
Overall Accuracy 86.96%
Kappa 77.46%

Object, Spectral/NDVI, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 16 0 1 17 18 16 88.89% 94.12%
Tree Island/Brush 0 47 14 61 59 47 79.66% 77.05%
Wet Prairie 2 12 69 83 84 69 82.14% 83.13%

18 59 84 161 161 132
Overall Accuracy 81.82%
Kappa 68.96%

Pixel, PCA/Texture, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 13 0 0 13 18 13 72.22% 100.00%
Tree Island/Brush 3 53 11 67 59 53 89.83% 79.10%
Wet Prairie 2 6 73 81 84 73 86.90% 90.12%

18 59 84 161 161 139
Overall Accuracy 86.34%
Kappa 76.28%

object, pcatexture, max. likelihood
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 15 0 0 15 18 15 83.33% 100.00%
Tree Island/Brush 2 47 13 62 59 47 79.66% 75.81%
Wet Prairie 1 12 71 84 84 71 84.52% 84.52%

18 59 84 161 161 133
Overall Accuracy 82.61%
Kappa 69.82%

object, pcatexture, parallelpiped
Reference Data Accuracy Level

Classified Data Aquatic Tree Island/Brush Wet Prairie Row Total Column Total # Correct Producers Users
Aquatic 15 0 2 17 18 15 83.33% 88.24%
Tree Island/Brush 0 45 6 51 59 45 76.27% 88.24%
Wet Prairie 3 14 76 93 84 76 90.48% 81.72%

18 59 84 161 161 136
Overall Accuracy 84.47%
Kappa 72.79% 
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Appendix F.  Map showing classification differences 
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Appendix G.  Richardson classification using three broad vegetation communities 
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Appendix H.  Map showing vegetation changes between 1987 and 2005 
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