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ABSTRACT

Efforts to evaluate EO-1 data during 2002 included analyzing the impacts of Hurricane Iris on land cover/land use and deforestation in southern Belize, and continuing analysis of land cover/land use in central Belize.  Hurricane Iris, a Category Four hurricane on the Saffir-Simpson hurricane scale with winds exceeding 200 kph, made landfall in southern Belize on October 8, 2001.  Extensive wind damage occurred, including toppled and defoliated trees, and major losses to the local banana industry. Among the regions impacted by the storm were (1) the Monkey River area on the coastal plain and (2) inland mountain regions located approximately 130 km south of Belize City. Imagery acquired on December 4, 2001, and March 10, 2002, from NASA’s Earth Observing–1 (EO-1) Advanced Land Imager (ALI) was used to analyze hurricane impacts on land cover/land use and deforestation in southern Belize. For hurricane impact analysis, comparisons were made with pre-hurricane Landsat TM data. Work also continued in central Belize where land cover/land use analyses supported by new field data were conducted using ALI data acquired March 7, 2001. As many as 14 land cover/land use classes, including 6 classes of forests and savannah, 4 classes of wetlands and coastal lands, and 4 classes of developed land were classified [1]. The Best Basis Bayesian Pairwise Classifier (BB-BPC) of Kumar et. al was used to perform the classification of ALI data [2-4].

Study areas for analysis of hurricane impacts encompassed about 280 km2 centered on the mouth of Monkey River, and more than 600 km2 in an inland mountainous area (Figure 1). Analyses of pre- and post-hurricane imagery show substantial losses in broadleaf forests. Approximately 20 percent of the Monkey River study area was classified as broadleaf forest on Landsat 7 imagery acquired on October 1, 2001. Classification of ALI imagery acquired after the hurricane revealed that less than 1 percent of the area was classified as broadleaf forest.  Areas previously classified as broadleaf forest had a different spectral reflectance, with more than 70 percent of the area being classified as savannah, savannah mixtures, and other grasslands, indicating
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Figure 1.  Index map of study areas in central and southern Belize.

extensive broadleaf defoliation. In the inland study area, broadleaf forests made up about 70 percent of the land cover before the hurricane, and only about 12 percent after the hurricane, indicating extensive forest damage and defoliation.  The changes are reflected in substantial spectral reflectance differences in pre- and post-hurricane broadleaf forest areas. We expect that much of the forest will recover and regain reflectance properties typical of broadleaf forests in the upcoming years. Follow-up studies can help determine the recovery period. Results indicate that  ALI data can be used to determine the extent of short-term and long-term changes in land-cover types such as broadleaf forests following destructive natural events. 

INTRODUCTION AND BACKGROUND

Launched from Vandenberg Air Force Base on November 21, 2000, the Earth Observing (EO-1) satellite is the first platform of NASA’s New Millennium Program (NMP), and is part of an effort to develop new technologies for improving the quality of earth observations while reducing costs and development time [2].  Among the three imagers on the EO-1 satellite is the Advanced Land Imager (ALI), which is a prototype for the Landsat ETM+ replacement instrument. This study of land cover/land use in southern and central Belize (Figure 1) is part of a study funded by the NASA EO-1 program to (1) evaluate and validate EO-1 with respect to Landsat 7 imagery by classifying land cover/land use and comparing it to results of previously acquired and classified Landsat TM data in central and southern Belize, and (2) evaluate these new imaging systems in a practical way by analyzing land cover changes and deforestation.  The new EO-1 sensors are also being evaluated relative to the existing Landsat TM data in terms of accurate classification of specific types of agricultural land, such as citrus orchards, and certain forest classes, including broadleaf forest regrowth areas, pine forests, and mangroves. In addition, impacts of Hurricane Iris (Figures 2 and 3), which made landfall in southern Belize on October 8, 2001, were analyzed.  Extensive damage occurred to forest resources. From ground and aerial observations soon after the storm, Oswaldo Sabido, Belize Forest Department, estimated that about 95 percent of the forest was damaged, with trees blown down, crowns broken, and almost complete defoliation of broadleaf forests in some areas. In this investigation, we have tried to quantify the amount of broadleaf forests affected in the Monkey River area and in inland mountainous areas (Figure 1).
This work is being conducted in cooperation with the Forest Department (Oswaldo Sabido) and Land Information Centre (Noreen Fairweather, Land Information Officer), Belize Ministry of Natural Resources and the Environment.

METHODS

Spectral data are processed using both existing statistical methods and new contextual and multisensor algorithms currently being developed at the Center for Space Research for multispectral and hyperspectral data. Classification results have been entered into a GIS for analysis of land cover and land use distribution and change. Classified areas are being checked for accuracy and consistency by using existing maps and previously collected land cover/land use data at GPS-located field survey sites and overflights, supported by additional field-verification sites with GPS coordinates. Results include an evaluation of the capabilities of EO-1 data for (1) classifying a diverse set of land cover/land use types, and (2) analyzing trends such as deforestation associated with human activities and with hurricanes. The Best Basis Bayesian Pairwise Classifier (BB-BPC) of Kumar et. al was used to perform the classification of ALI data [3-5].  The classifier decomposes the original C-class problem into 
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 2-class problems to improve discrimination.  Each of the two-class problems is solved independently, using a Bayesian pairwise classifier, and the results are combined by maximum a posteriori probability (MAP) method.  Feature (band) selection is accomplished for each class pair such that the classifier for each pair has an associated feature selector.  Features are evaluated using a relevance measure based on the estimated log-odds of posterior probabilities.  A greedy forward feature selection algorithm is used where, for each class pair, the first band selected is that which maximizes the relevance function.  Additional bands are added if the incremental increase in the relevance function is greater than a specified threshold.  Each of the two-class problems is solved independently, using a Bayesian pairwise classifier, and the results are combined by maximum a posteriori probability (MAP) method.
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Figure 2.  Hurricane Iris making landfall in southern Belize, October 8, 2001. From SeaWifs, NASA, GSFC, and ORBIMAGE

[image: image4.png]



Figure 3.  Path of Hurricane Iris from October 4-9, 2001 as plotted by NOAA.

A field campaign was conducted in April and May 2002 in central and southern Belize to evaluate land cover/land use classification results, to assess impacts of Hurricane Iris, and to obtain additional field data for refining training sites for supervised classifications. Field data were collected at more than 110 GPS located sites, which when combined with previously visited sites provides data for almost 300 field sites. Additional data were collected during GPS controlled overflights of the study areas in central and southern Belize.

RESULTS

Comparison of ALI and Landsat 7 ETM+ classification results of a diverse set of land cover/land use types in central Belize indicate overall that ALI is superior for discriminating several difficult classes such as thicket, regrowth, cropland, and cleared land. In addition, ALI appears to be superior to Landsat TM data in delineating some coastal land cover classes such as mangrove.  Additional ground truth data collected during a field campaign in May 2002, helped verify preliminary classification results, particularly for the mangrove class. Some classes, such as pine were over classified and new training sets were selected to improve results.
 
ALI data were also effectively used to determine impacts of Category Four Hurricane Iris, which made landfall in southern Belize. Classification of ALI data acquired on December 4, 2001, and comparison to classifications of Landsat 7 and ALI imagery acquired after the hurricane, indicated extensive defoliation of broadleaf forest (Table 1) had occurred in the Monkey River area approximately 130 km south of Belize City. In the Monkey River study area, more than 98 percent of the forest was affected as documented through analysis of broadleaf forest cover on pre-hurricane Landsat 7 imagery (acquired on October 1, 2002) and post-hurricane ALI imagery (acquired on December 4, 2001).  Of 5,189 ha classified as broadleaf forest before the storm, less than 100 ha was classified as broadleaf forest after the storm (Table 1). Areas previously classified as broadleaf forest using Landsat TM data, were classified primarily as savannah, savannah mixtures, and other grasslands on ALI imagery, indicating extensive broadleaf defoliation. A similar analysis in inland mountainous areas of southern Belize also showed large areas of broadleaf forest defoliation. The ALI data clearly delineated changes in spectral signatures and textures as a result of Hurricane Iris. Almost 45,000 ha of mountain forests (>85 % of this resource) in the study area was affected as shown by analysis of pre-hurricane ALI imagery acquired on October 1, 2001 (7 days before the storm) and post-hurricane ALI imagery acquired in March 2002. Pre- and post-hurricane spectral signatures of forest areas impacted by the storm were dramatically different. Broadleaf forests in southern Belize were extensively damaged by high winds associated with Hurricane Iris.

Table 1. Pre- and post-hurricane land cover in

the Monkey River area.

	Class
	Pre Hurricane area (ha)
	Post Hurricane area (ha)

	
	
	

	Broadleaf
	5,189
	85

	Cloud
	1,453
	2,763

	Coastal Savannah
	1,530
	503

	Coastal Strand
	387
	972

	Farmland
	2,298
	1,290

	Farmland2
	1,319
	3,373

	Mangroves
	661
	975

	Marsh
	1,396
	1,293

	Pine
	416
	2,831

	Residential/Barren
	3,100
	3,450

	Riparian
	1,687
	1,108

	Savannah
	1,031
	1,809

	Shadow
	516
	318

	Shrimpfarm
	619
	1,240

	Shrub
	115
	132

	Water
	3,167
	2,720


New statistical classification methods developed during the study yielded improved discrimination between difficult classes in both ALI and Landsat TM data.  The integer shifts for band–to–band registration provided in the Level 1b product were inadequate and resulted in misclassification errors at boundaries of classes.  The in-path alignment developed by the Eros Data Center (EDC) that corrects for line-of-sight (LOS) variations in SCA strips yielded superior results.  Striping anomalies, due to inter-detector calibration or dead detectors, could not be removed adequately from either ALI or Hyperion data by matching statistics of affected columns to global statistics and resulted in artifacts in the classification output.  Improved results were obtained using a method based on matching local statistics combined with spectral interpolation.  New algorithms were designed for classification of hyperspectral data, but analysis was limited by acquisition of cloud free Hyperion data over Belize.  When applied to Hyperion data acquired over other sites, results were superior to those obtained by traditional methods, particularly when feature selection was utilized as it mitigated the effects of striping.  Accuracies for several comparative classifications using Landsat 7 and EO-1 data were higher in EO-1 data (Table 2).

Table 2. Accuracies for selected experimental classifications in Belize.

	Experiment No
	Landsat 7(Oct 04, 2001)
	ALI (Dec 04, 2001)
	Hyperion (Dec 04, 2001)

	1
	86.29
	97.14
	95.98

	2
	86.18
	98.18
	96.77

	3
	86.74
	97.66
	96.89

	4
	86.74
	97.40
	96.77

	5
	85.62
	97.66
	96.51

	Overall Accuracies
	86.31
	97.61
	96.58

	Standard Deviation
	0.47
	0.39
	0.36


CONCLUSIONS

Overall classification results of LC/LU are similar, but ALI is superior to Landsat 7 for several difficult class pairs in test data.  For example, classification of (1) pine forest versus thicket, (2) regrowth versus cropland, and (3) cleared land versus cropland are all improved with ALI. Analysis of the effects of Hurricane Iris illustrate that ALI can be used effectively to determine impacts of destructive natural events such as hurricanes on broadleaf forests and possibly other land-cover types. Extensive defoliation of broadleaf forests was documented. Changes in spectral signatures and texture were clearly delineated by ALI data.

Band-to-band alignment of ALI using the EDC LOS correction was necessary to achieve adequate classification results.

Classification accuracies obtained using new statistical classifiers developed for analysis of ALI and Hyperion are usually higher than those obtained from traditional methods.  Class dependent selection methods improve discrimination and mitigate striping artifacts.

Striping artifacts in ALI data affect classification, but can usually be mitigated adequately for classification purposes by matching local statistics. Effects of striping in Hyperion cannot always be adequately removed and often result in loss of data.
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