
  

INTRODUCTION
     The Earth ‘s surface is in flux, changing slowly through natural succession, or 
rapidly from anthropogenic uses. Large-scale changes are difficult and expensive 
to quantify through fieldwork. The collaboration of remotely sensed data and field 
observations can accomplish land cover classification and change detection, 
faster, cheaper, and more accurately than either alone. This poster highlights a 
research project ongoing at the University of New Hampshire to incorporate 
student-collected data into scientific work. The project entails classifying the land 
cover of Androscoggin County, Maine, in two Landsat TM scenes from 1993 and 
2000, and assessing the changes that have occurred between them.

The GLOBE (Global Learning and Observations to Benefit the Environment) 
Program is a worldwide school-based science and education program that 
develops cooperative relationships between research scientists, teachers, and 
students. The goals of the GLOBE Program include teaching students to take 
valid scientific measurements and report their data through the internet. Currently 
over 12,000 schools in more than 100 countries are involved in the collection of 
data from four categories: 1} Atmosphere and Climate 2} Hydrology 3} Soil 
Science and 4} Land Cover / Biology (The GLOBE Program, 2003).  The Land 
Cover/Biology Investigation Team, housed at the University of New Hampshire, 
has developed protocols for the students to use in classifying land cover sample 
sites. Their results, which are utilized in this project, are entered into an online 
database, which is available to researchers worldwide (The GLOBE Program, 
2003). 

Middle school students in Auburn, Maine, have been collecting land cover data in 
association with GLOBE since 2000. Data from this partnership was used in 
collaboration with researcher collected data to classify the land cover of two 
Landsat TM scenes. The student collected data was also used to assess the 
accuracy of the two classified images.
  

STUDY SITE

     Androscoggin County, Figure 1, contains Maine’s second and fourth most 
populated townships: Lewiston, population 35,690 in 2000, and Auburn, 
population 23,203 in 2000 (US Census, 2001).  Androscoggin County is 470 
miles2, with a total population of 103,793 in 2000. Androscoggin County contains 
8.1% of Maine’s population in only 1.5% of the state’s area. These data, coupled 
with the population change data in Figure 2, indicate that the county may be 
experiencing land cover changes in the townships surrounding the urban core 
(Lewiston and Auburn) as people move out of the urban center. This may lead to 
quantifiable land cover change as forests and agricultural lands are converted to 
residential areas to support the population increases. 

METHODS
Image Acquisition:
  Landsat TM images were acquired on 16 September, 1993 and 28 August, 
2000.
  Images were chosen because the study area is cloud free and the anniversary 
of the images is similar.

Radiometric Correction:
  Dark Object subtraction was used to correct atmospheric and radiometric 
dissimilarities in the images (Song et al, 2001, Jenson, 1996).
  Corrections were made on each raw band using ERDAS Imagine Modeler 
(ERDAS, 2001).

Image Pre-processing:
  Study area was clipped from the TM scenes using a 1:24000 vector layer 
acquired from the Maine State GIS web page (MEGIS, 2003).
  Band ratios were created for aid in image classification including: NDVI, 4/3, and 
Tassel cap bands 1 and 2.

Image Classification:
  The two Landsat images were classified separately using field data collected by 
GLOBE students and the researcher.
  Ground reference points were classified using the Modified UNESCO 
Classification (MUC) scheme, seen in Table 1 (UNESCO, ).
  Additional reference data was acquired from image interpretation and an NWI 
GIS Layer (MEGIS, 2003).

Change Detection Analysis:
  Change detection analysis was completed using a post-classification change 
matrix (Macleod and Congalton, 1998, Singh, 1989).
 Advantages of this method include quantifiable results with “from and to” 
indicators (e.g. “from” a closed forest pixel “to” an urban pixel). 

Accuracy Assessment:
 Accuracy assessment was performed using ground reference data collected by 
GLOBE students and the researcher (dataset was collected separately from 
classification dataset).
 An error matrix was created for the classified image of Androscoggin County, 
Maine (Congalton and Green, 1999).  
  Overall accuracy was calculated from the error matrix, along with producer’s and 
user’s accuracy for each land cover class (Congalton and Green, 1999, Jensen 
1996, Lunetta and Elvidge, 1998).

OBJECTIVES
1. Determine the land cover classification of Androscoggin County ME, in two 
Landsat TM images from 1993 and 2000.

2. Use data collected by the GLOBE Program as ground reference points for a 
supervised MUC (Modified UNESCO Classification) classification.

3. Perform post-classification change detection analysis of the classified images of 
Androscoggin County ME, and quantify the changes in each land cover class.
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     Students in Androscoggin County, Maine, collected over 120 viable land cover 
sample sites. Not all of the student-collected data were viable. Approximately 40% of 
the data were removed due to errors in recording the latitude and longitude, multiple 
land cover sites recorded in the same location, disagreement between the MUC class 
and reference photos, and erroneous MUC codes (e.g. broad leaf coniferous forest 
appearing in Maine is very unlikely). Over 150 additional ground reference sites were 
then sampled to augment the classification.  A few of the MUC classes were not found 
in abundance and needed to be augmented with additional reference data. 
The final classification scheme used in this project is based on the MUC scheme, and 
modified to create a set of distinguishable classes based on the signature set. Some of 
the hierarchical levels of MUC were collapsed into broad classes, while others were 
modified with image and photo  interpretation. 1998 Digital orthophotos of the study 
site were used as reference data for photo interpretation  Table 2 shows to changes 
made in the MUC scheme for use in this project. Three main data exploration 
techniques were used to create a final set of training statistics used in the image 
classification: Bi-spectral Plots, Contingency Matrix Analysis, and Cluster analysis.

Land Cover MUC Land Cover Definition 

Closed Forest 0 Formed by trees at least 5m tall with interlocking crowns. Canopy covers 
at least 40% of the ground. 

Woodland Forest 1 Comprised of open standing trees 5 meters tall with non interlocking 
crowns. Canopy covers at least 40% of the ground.

Shrubland or 
Thickets

2 Shrub canopy covers 40% of the ground and is composed of matted, 
clumped or clustered woody plants between .5 and 5 m tall. 

Dwarf-Shrubland or 
Thickets 

3 Thicket-Shrubs rarely exceed 50 cm. Canopy covers at least 40% of the 
ground.

Herbaceous 
Vegetation

4 Area dominated by herbaceous growth of two major types: gaminoids and 
forbs. Total ground cover must exceed 60%.

Barren Land 5 Land with less than 40% vegetative cover. Limited ability to support plant 
life, generally thin soil: rocky or sandy.

Wetland 6 Land constantly or periodically saturated during the growing season. 
Plants have specific adaptive characteristics. Land must be covered by at 
least 40% vegetative cover.

Open Water 7 Land submerged by water greater than 2 m deep covering and area of at 
least one hectare, or continually submerged in an actively flowing channel 
or sub-tidal zone. Water covers at least 60% of area.

Cultivated Land 8 Ground covered by 60% or more non-native cultivated plants: lawns or 
fields.

Urban 9 Developed area with 40% or more urban land cover.

Classification Scheme MUC Class(es) and Data interpretation

Residential MUC class 91, and photo interpretation 

Urban MUC classes 92, 93, and 94; and photo interpretation

Barren MUC 5

Cultivated, non-agricultural MUC classes 821, 822, 823, and 824

Cultivated, agricultural MUC class 81, image interpretation

Cultivated, soil MUC class 81, image interpretation

Water MUC class 7

Wetland MUC class 6

Herbaceous MUC class 4

Scrubland MUC classes 3 and 4

Forest, deciduous MUC classes 023 and 123

Forest, evergreen MUC classes 01, 022, 11, and 122

Table 1: Modified UNESCO Classification  (MUC) scheme. A Hierarchical land cover classification 
scheme designed to encompass all the Earth’s environs. Level One is displayed, the most general of four 
levels.

Figure 1: Androscoggin County, Maine. From left to right: The 2000 Landsat TM scene shown 
layered with the county boundaries of Maine, Androscoggin County, and a close-up of the urban 
center of the county (Auburn on the left of the river, Lewiston on the right).

Figure 2: Population change in Androscoggin County. Both total population change (left) and 
percent population change (right) between 1990 and 2000.  Decreases in populations are 
represented in shades of gray, while stable or increasing populations are shown in a gradient of 
white to red.

Table 2: Adjustments made to the MUC scheme for use in classifying the 1993 and 2000 Androscoggin 
County images. The MUC scheme was collapsed to level one for some land cover classes while some 
land cover classes required image and photo interpretation to break them down further than the MUC 
scheme.

     Erdas Imagine 8.5 allows the analyst to evaluate training data with a contingency 
matrix. This form of analysis classifies the land cover of the image within the AOIs (Areas 
Of Interest) which were used to create the training data. This procedure allows the analyst 
to see how much of each AOI is classified as each type of land cover. In Table 3, the 16 
signatures created as training data for the Cultivated, Non-Agricultural (Cult_non) land 
cover class area displayed. The table shows the percentage of each signature that were 
classified correctly (Cult_non), and the percentages of each signature that are confused 
with another land cover class. Each of the land cover classes were displayed in a similar 
table. Three  test classification was completed with signatures that were   70% and above 
correct,  80% and above correct, and 90% and above correct. The signatures with more 
that 10% class confusion were removed from the signature set. After evaluation of the test 
classification images, signatures that were less than 90% correct were removed from the 
dataset.

Table 3: Portion of the contingency matrix used to eliminate confusing signatures from the signature 
dataset.
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     The data exploration techniques used in this project resulted in hybrid training data 
that are  able to provide separability among the land cover classes. Figure 5 (right) shows 
the data set before and after the described data exploration techniques were applied. On 
the left is the data set prior to modification and on the right is the final hybrid data set 
used to classify the 2000 image of Androscoggin County, Maine. The bi-spectral plots in 
the final hybrid training data provide more separability between the land cover classes. 
This should result in a more accurate land cover map of the County.  The Hybrid signature 
set was used to classify the 2000 image and the results are shown in Figure 6 (below)..

Figure 6: Classified 2000 image of Androscoggin County, Maine, Using hybrid training statistics.

Figure 5 (above): Bi-spectral plots of the original training data, and the hybrid training data used to 
classify the 2000 image of Androscoggin County, Maine. The mean of each training signature is shown 
as a plus, and the mean of each land cover class is drawn with an ellipse at one standard deviation. 
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     Cluster analysis was 
performed as the final step in 
the data exploration of the 
training data. A 100-cluster 
unsupervised classification 
was performed on the 2000 
image. The signature statistics 
from the unsupervised image 
were compared to the 
supervised signature statistics 
using the clustering method 
described in Chuvieco and 
Congalton (1988). The results 
of the clustering algorithm is a 
dendrogram (Figure 4) 
showing supervised and 
unsupervised training statistics 
grouped into clusters that are 
statistically similar. 
Unsupervised signatures that 
were grouped with supervised 
training data from a single land 
cover class were assumed to 
be part of that land cover and 
added into a final hybrid set of 
training data.

Bi-spectral Plots:
     The final classification scheme was chosen after the training data was examined 
using spectral pattern analysis and bi-spectral plots. An example of the bi-spectral plots 
is shown below in Figure 3. This type of analysis was used to identify signature 
grouping that could be used to create distinct land cover classes that would decrease 
class-confusion during image classification.

Figure 3: Bi-spectral plot of the MUC 8, Cultivated land, in the processes of being broken down into 
three distinct classes: Cultivated Non-Agricultural, Cultivated Green and Cultivated Soil. The Yellow 
Ellipses represent the mean of each of the three new land cover classes displayed at one standard 
deviation.

Figure 4: A portion of the dendrogram created in the clustering analysis 
used to improve the training statistics used in classification of the 2000 
Androscoggin County, Maine, Image. 
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DISCUSSION
     The change image displayed as this poster’s central image indicates that change has 
occurred over the seven years between the two images. This visual composite of the multi-date 
imagery shows the changes that have occurred between 1993 and 2000. This form of change 
detection is called Write-Function Memory Insertion (Jensen, 1996). The band 4 of the 2000 
image was displayed in the ERDAS Viewer in the red and blue channels, while band 4 of the 
1993 image was displayed in the green channel. The resulting image allows the analyst to 
visually interpret the changes in the images. Green can be interpreted as vegetation growth, 
and magenta as vegetation removal. Some of the detected change is likely caused by 
differences in agricultural crop rotations. The final results of the change detection analysis are 
expected in July 2003.

1993 Image: false-color composite (4,3,2)

1993 Image: true-color composite (3,2,1)

2000 Image: false-color composite (4,3,2)

2000 Image: true-color composite (3,2,1)

Change Image of Androscoggin County Maine using write memory function insertion with 
band 4 from the two images.

1993 2000

Contingency Matrix Analysis: 


