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ABSTRACT

The GLOBE Land Cover Investigation Team at the University of New Hampshire partnered with the 7th grade teachers and students in Androscoggin County, Maine to produce a very successful land cover change analysis of the city of Auburn, Maine.  In all over 500 students were trained in the GLOBE Land Cover Protocols and collected data.  Training was initially provided by the UNH Land Cover Team including significant support for the first large data collection effort, Muc-a-thon.  Subsequent Muc-a-thons were conducted by the teachers with the support from the Auburn Land Lab and local GIS experts in the community.  The results of this successful collaboration include a detailed land cover/vegetation change detection analysis from Landsat Thematic Mapper (TM) imagery acquired in 1993 and 2000.  The students have used these results to aid the community in planning a recreation trail within the county.  

INTRODUCTION

This study combined student-collected data with researcher-collected data in a land cover classification and change detection analysis of Androscoggin County, Maine. The objectives of this study were to 1) classify the land cover of Androscoggin County, Maine, using Landsat TM images from 1993 and 2000, 2) perform a land cover change detection analysis and 3) assess the accuracy of the land cover maps using data collected by GLOBE students. The GLOBE (Global Learning and Observations to Benefit the Environment) Program establishes partnerships between students and scientists for the purpose of creating a worldwide dataset of environmental measurements including land cover, soil, atmosphere, and hydrology. GLOBE students collected land cover data from 200 usable sites using the Land Cover/Biology Protocols. Each site included assigning a land cover class, obtaining the latitude, longitude, and elevation from a GPS, and taking photos for quality control. These data were used to supplement the data collected by the University of New Hampshire (UNH) GLOBE Land Cover Team in classifying the land cover of two Landsat TM images (August 1993 and July 2000). The majority of the student-collected data was used in the accuracy assessment of the 2000 land cover map. 

PARTNERSHIP

The study site for this project was Androscoggin County, Maine. Androscoggin County is located in the southeastern portion of Maine (Figure 1). The area of the county is 1217 km2 and contains Maine’s second and fourth largest communities: Lewiston (population 35,690 in 2000), and Auburn (population 23,203 in 2000), respectively. The population of the county was 103,793 in 2000 out of the total Maine population of 1,274,923. Androscoggin County contains 8.1% of Maine’s population in 1.5% of its total area (US Census, 2001). 
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Figure 1: Study Site: Maine with Androscoggin County highlighted on the left. Androscoggin County with Townships labeled on the right.
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Ground reference (in situ) data for this project were obtained from two sources: the GLOBE student-collected data and data collected by the UNH Land Cover Team.  Student teams participating in the GLOBE Program collected land cover data near or within the 15km x [image: image8.jpg]1993 Land Cover Map: FCS-2a
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15 km area depicted on their Landsat imagery. Their imagery is centered on Auburn Middle School (AMS) as seen in Figure 2, and covers approximately 18% of the study area. Additional land cover data were collected by the UNH Land Cover Team, primarily outside of the area covered by the student teams, to increase the sampling area to encompass the entire county. The land cover data were divided into two subsets: training data and accuracy assessment data. The majority of the training data were collected by the UNH Land Cover Team. A small portion of the student-collected data points were also used as training data. The training data were used for classification of the 2000 and 1993 images. The second subset of land cover data was used as reference data for assessing the accuracy of the 2000 land cover map. This subset contains the majority of the GLOBE student-collected data, as well as data collected by the UNH Land Cover Team. 

Student teams participating in the GLOBE Program collect land cover data according to the Modified UNESCO Classification (MUC) system. The UNESCO Classification system, an international hierarchical classification scheme, was modified to include cultivated and urban land covers (MUC 8 and 9) that were not included in the original classification system (Becker et al., 1998). The modified classification system was developed by the UNH Land Cover Team to ensure the most accurate and encompassing classification system possible. The MUC system is diverse and detailed; including 170 land cover classifications in a four-level hierarchy (The GLOBE Program, 2000). Level one, the most general level is shown in Table 1.

Table 1: Modified UNESCO Classification (MUC) system; level one of a four level heirarchal classification system. Table adopted from GLOBE Program teacher’s guide (The GLOBE Program, 1997).
	Land Cover
	MUC

Code
	Land Cover Definition 

	Closed Forest
	0
	> 40% trees at least 5 meters tall, crowns interlocking

	Woodland Forest
	1
	> 40% trees at least 5 meters tall, crowns not interlocking

	Shrubland or Thicket
	2
	> 40% shrubs or thickets, 0.5 to 5 meters tall

	Dwarf-Shrubland or Dwarf Thicket
	3
	> 40% shrubs or thickets, under 0.5 meters tall

	Herbaceous Vegetation
	4
	> 60% herbaceous plants, grasses, and forbs (broad-leaved)

	Barren Land 
	5
	< 40% vegetated cover

	Wetland
	6
	> 40% vegetated cover, including marshes swamps and bogs

	Open Water
	7
	> 60% open water

	Cultivated Land
	8
	> 60% cultivated species

	Urban 
	9
	> 40% urban land cover (buildings, paved surfaces)


In the GLOBE Land Cover Investigation, students select an area called a Land Cover Sample Site (LCSS) where measurements are taken. These areas are a minimum of 90m x 90m and have a homogeneous land cover type throughout. At the center of each LCSS, students measure and record the latitude and longitude of their location using a Global Positioning System (GPS) receiver and take photographs to the North, South, East and West (Becker et al, 1998). Using the MUC scheme and biometry protocols if necessary, the students determine the land cover class for the LCSS (The GLOBE Program, 1997). 

The land cover data were collected by the Androscoggin County students during MUC-a-thons over a period of three years: 2000-2003. In the spring of each year the seventh grade students from AMS collected data as part of their science curriculum. All training occurred at the Auburn Land Lab, an environmental teaching facility directed by Ms. Patricia Gaudreau. Each year, members of the Land Cover Team were present to help teach the land cover data collection protocols to the students. In the third year, the Land Cover Team provided the student teams with maps of the area they should cover during data collection (Figure 3). The maps were used as an effort to spread the collection of data points over a large area and so student teams were not collecting data points from the same area. The student teams were instructed to delineate a polygon on the map for each LCSS they visited. The maps were used as a quality control method for the latitude and longitude recorded at the LCSS. This way the GPS receiver was not the only source of latitude and longitude data in case of error in the unit or with the recording and calculation of the latitude and longitude by the students.
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Figure 3: Sample Map given to the student teams collecting land cover data during the spring of 2003.

All of the student-collected data were subjected to initial quality control measures. The data were examined by MUC code to determine if the classification was possible within the study site (e.g. there is no tundra in Androscoggin County, Maine). Data recorded with improper MUC codes were not used. Due to the need of locational accuracy, the data were only used if the GPS coordinates were recorded correctly. Latitude and longitude were recorded in decimal degrees. The student-collected data were only used if it was recorded to 4 decimal places (e.g. a latitude measurement of 44.1212 was acceptable where 44.12 was not). A second quality control of the latitude and longitude was implemented by overlaying the data points on the digital ortho quads (DOQ’s) of the study site. If the data points were outside the areas where the student teams visited they were removed. A final quality control was used on the student-collected data. The data points were displayed on a DOQ of the study site. Data points that were unlikely to be correct due to the MUC code not matching photo interpretation were removed prior to the data being used as reference data.

The UNH Land Cover Team collected data using the exact same protocols as the students. Sites were chosen based on homogeneity and minimum size. Biometry protocols were used as necessary to determine land cover classification. Some of the land cover classes were rarely found in the field, or not sampled as LCSS’s. Because of this, ancillary data were used to augment the field-collected data. 

Figure 4 shows the results of the data collection effort for both the GLOBE students and the UNH Land Cover Team.  This figure reveals the significant data collection effort completed by the GLOBE students.  These data are invaluable to this project.
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Figure 4. Bar chart showing distribution and amount of data collected by GLOBE students and the UNH Land Cover Team (author).

Land cover types that were rare in the study area, and therefore not randomly sampled frequently, were supplemented using image and photo interpretation and GIS data layers. Land cover classes that needed supplementation were Wetlands (MUC 6) and Barren lands (MUC 5). Ancillary data used for the creation of additional ground reference data included: DOQ’s of the entire study site, National Wetland Inventory (NWI) vector layer, and a digital version of the USGS 7.5-minute quadrangles of the study site.

The Landsat images used in this study were acquired from the EROS Data Center through the GLOBE Program (Figure 5). The earlier image was collected by Landsat 5 TM on 16 September, 1993. Landsat 7 ETM+ collected the more recent image on 28 August, 2000. The images were acquired from Path 12 Row 29 and were received in the UTM coordinate system from zone 19, datum WGS 1984. These two images were appropriate for this project because of their proximity of collection month and day, and because the study area was cloud free in both. It is important in a land cover change detection analysis to have images that were collected on similar dates. This reduces the chances of detecting false changes due to differences in vegetation phenology caused by the images being from different seasons of the year.
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Figure 5. Example of the Landsat TM imagery for Androscoggin County, Maine.

RESULTS

Land cover maps (Figure 6) were generated from Landsat TM imagery for both the 1993 and 2000 images.  A quick study of these maps shows that change occurred between these two dates.  A change detection analysis was performed to quantitatively assess these changes.  Accuracy assessment including the creation of an error matrix (Congalton and Green 1999) was performed on each land cover map using the ground data (LCSS) collected by the GLOBE students and the UNH Land Cover Team.  Accuracies of the land cover maps were in the mid 60% with the highest accuracy of 68% for the 2000 land cover map.  

Some issues with the GLOBE student data were discovered relating to positional accuracy.  Failure to record the GPS data to the highest level of precision resulted in rounding off of the coordinates and a direct loss of positional accuracy.  Fortunately, much of this problem was corrected by using the maps handed out by the UNH Land Cover Team for the third year of data collection.  It is critical that all future GPS locations be collected with the highest level of precision recorded on the GPS device.  It is inappropriate to round off the coordinates and results in a significant loss in positional accuracy of these very important locations.
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Figure 6. Land cover maps generated from Landsat TM imagery for 1993 and 2000.

ACKNOWLEDGEMENTS

Funding for this research was provided by the National Science Foundation (NSF) through the GLOBE Program under grant GEO—9801750 and is gratefully acknowledged. We would also like to thank David West, Larry Ryan, and Amanda Scally for their time and energy put into the GLOBE Project, training the teachers and students, and facilitating the MUC-A-Thons. We especially like to thank Patricia Gaudreau at the Auburn Land Lab, Androscoggin County, ME. Without her dedication to the GLOBE Program, none of the student-collected data would have been available for this study.
LITERATURE CITED

Becker, M. L., R. G. Congalton, R. Budd, and A. Fried, 1998. A GLOBE Collaboration to develop Land Cover Data Collection and Analysis Protocols. Journal of Science Education and Technology, 7(1): 85-96.

Congalton, R.G., and K. Green, 1999. Assessing the Accuracy of Remotely Sensed Data: Principles and Practices. Lewis Publishers, Boca Raton, Florida, 137 pp.

The GLOBE Program (1997). The GLOBE Teacher’s Guide, Washington, DC: GLOBE & USGPO.

The GLOBE Program. (2000). MUC Field Guide: A Key to Land Cover Classification:GLOBE &USGPO.

United States Census Bureau: United States Department of Commerce. www.census.gov


October 20th 2001. 

Androscoggin County





Maine





Figure 2: Study area for students participating in the GLOBE Program at Auburn Middle School, compared to entire study site.
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