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Abstract

This study investigated elements important to regional
landscape assessments: (a) appropriate mapping spatial reso-
lutions (regional versus subregional), and (b) accuracy assess-
ment procedures (point-based versus area-based). The study
used MODIS NDVI time-series data to derive landcover products
(2007) in a study area within the Laurentian Great Lakes Basin
(GLB). Area-based reference data (i.e., “maplets”) were varied
in size and number to assess landcover proportionality agree-
ment and to provide accuracy assessment metrics generated
by point-based methodology. High spatial resolution Landsat
ETM data was used to assess pixel purity (pp) for the MODIS
250 m pixels imbedded within the maplets (i.e., percent homo-
geneous) for the dominant cover type. Comparisons between
the maplet reference data found a 21.7 percent variation in
accuracy values between PP50 percent (67.9 percent accu-
racy) and PP100 percent (89.6 percent accuracy). Point-based
accuracy assessments typically use 100 percent homogeneous
reference pixels to assess landcover products, positively bias-
ing the accuracy values. Our area-based methodology allows
for the assessment at varying reference pixel homogeneity.

Introduction

Numerous challenges are encountered in designing map-
ping methods and accuracy assessment procedures for
medium-to-coarse spatial resolution imagery for heterogene-
ous landscapes. To date, most of these products have been
developed at the global scale and are assessed for accuracy
using techniques suitable for finer resolution imagery. Here,
we investigated (a) appropriate mapping scale resolutions
(regional versus subregional), and (b) accuracy assessment
procedures (point-based versus area-based) for phenology-
based landcover classification using year 2007 time series of
the Moderate Resolution Imaging Spectroradiometer (MODIS)
Normalized Difference Vegetation Index (NDv1) for our study
area within the Laurentian Great Lakes Basin (GLB), USA. The
area-based method (i.e., “maplets”) was modified to address
the positive bias inherent with assessments that only include
100 percent homogeneous reference pixels. In our method
we are able to assess these coarser spatial resolution data at
varying pixel purity (pp) levels.

Mapping Scale lssues
Regional to global scale landcover maps (i.e., 250 m to
1.0 km) have been derived from numerous satellite remote
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sensing systems including the monis (Giri et al., 2005),

spOT Vegetation (Global Landcover 2000) (Bartholomé and
Belward, 2005), MERIS (GLOBcover) (Defourny et al., 2006),
and the National Oceanic and Atmospheric Administration
(NOAA) Advanced Very High Resolution Radiometer (AVHRR)
(IGBP-DISCover) (Loveland et al., 1999). Landcover classifica-
tion algorithms used at the global scale have been limited in
capturing the local and regional variations in landcover, due
in part to limitations in the number of training sites avail-
able to accurately represent regional areas. For example, the
MODIS classification algorithm uses a database of cover types
(n = 2000) to represent the entire globe. The Monis land team
has established these training sites to be geographically and
ecologically comprehensive (Muchoney et al., 1999).

An earlier global product developed from 1.0 km AVHRR
NDVI composites (IGBP-DISCover) (1992 to 1993) addressed the
large geographic extent issue by defining pseudo ecoregions
using an unsupervised classification clustering of the NDVI
data to identify areas of spectral similarity (Loveland et al.,
2000). A total of 961 clusters were identified globally with 205
located in North America. Friedl ef al. (2000) suggested that
subregional imagery differences between areas of similar veg-
etation composition may be responsible for inducing a unique
spectral signature. This effect seems to preclude the use of
smaller areas of interest when classitying large geographic
regions. It was posited that clouds may obscure similar sites,
creating a low NDVI signature in the shadowed area. Cover
type confusion also has been documented at higher latitudes
for phenology-based NDVI classification (Loveland et al., 2000;
Friedl et al., 2000). It should be noted that geographic strati-
fication may not vield significant classification accuracy dif-
ferences based on the classification algorithm employed. Shao
and Lunetta (2011) found that there were no advantages to
stratification of the entire GLB to a regional level using a neural
network (NN) classifier. However, in that study, the limiting
factor seemed to be the small percentage of training pixels.

Accuracy Assessment Issues

Assessing the accuracy of these coarser spatial scale resolu-
tion maps requires a deviation from the normal one-to-one
(pixel-wise) assessment process where one homogeneous ref-
erence pixel, typically derived from higher resolution data are
compared to the similar pixel with associated thematic label.
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At issue is the dominance of non-homogeneous reference
data in moderate-to-coarse spatial resolution imagery, where
data resolution range from 10° to 10° m multiple landcover
types dominate (Cihlar et al., 2000). For example, a study

in the Albemarle-Pamlico Watershed of North Carolina (NC)
and Virginia (vA) found that only 6.0 percent of all the 250 m
pixels were composed of a single landcover type (Knight

et al., 2006). The low proportion of homogeneous reference
pixels within a classification scene will affect the application
of a standard confusion matrix-based accuracy assessment
approach for coarser spatial resolution mapping products.
Statistics generated from the confusion matrix are statistically
valid based on the assumption that samples are derived from
relatively pure pixels of discreet cover classes (Foody, 2002).
That is, the Kappa coefficient implicitly assumes that the
testing sample is homogeneous. With finer resolution imagery
(e.g., 10 to 30 m), reference samples are constrained to homo-
geneous areas with respect to one cover type. Additionally, to
ensure that homogeneous pixels are not contaminated with
spectral bleeding from adjacent pixels, reference pixels are
usually selected within a cluster of pixels of the same cover
type. Accuracy statements made from contingency tables
generated from these pure reference pixels tend to be opti-
mistically biased (Plourde and Congalton, 2003). The lack of
pure reference data, typical with coarser resolution data, also
affects selecting a sample size capable of generating statisti-
cally valid accuracy statements across all cover classes, where
a standard sample size of n = 50 per landcover class has been
suggested (Congalton and Green, 2009).

Some have suggested that the more reasonable assess-
ment process for moderate-to-coarse resolution landcover is
to derive areal sampling documenting the fractions of cover
types present (Knight et al., 2006; Latifovic and Olthof, 2004).
One method, referred to as the maplet method (i.e., “area-
based”, “non-site specific”), allows the level of “correctness”
to be assessed based on the agreement between the maplet
reference cover proportions and the classification cover pro-
portions of the same maplet areas (Latifovic and Olthof, 2004).

Maplets are higher spatial resolution maps of small geo-
graphic areas used to assess the accuracy of coarser resolution
maps (Chrisman, 1991). Maplets were developed initially
as a validation approach for large area datasets to deal with
the issue of assessing class accuracies across a large number
of classes. This methodology was first posited by Chrisman
(1991) and further elucidated in practice by Stoms (1996).
Lioubimtseva and Defourny (1999) compared the total area of
cover types throughout three large maplet areas ranging from
approximately 5,137 to 6,225 km®. Beyond the comparison
of landscape proportions, they also assigned dominant cover
type labels to each pixel (30 m?) within the maplet areas
to generate contingency tables to compare total, user’s and
producer’s accuracies between areas. Stoms (1996) used only
one large maplet (2,240 km?) for San Diego County, California
Cihlar et al. (2000) used a tiling design to refine mapping
cover type proportions from 1.0 km AVHRR data in order to
compare proportions derived from the coarser AVHRR data
resampled to a 30 m spatial resolution. Though not strictly
defined as “maplets,” this research investigated scaling issues
associated with area-based assessments at three spatial scales,
30 m, 480 m, and 1.0 km. Schneider et al. (2003) implemented
three maplet methods to supplement traditional accuracy
assessment procedures in urban areas by fusing multiple
sources of coarser resolution imagery. This research illus-
trated the benefit of areal comparisons to better understanding
the nature and quantity of errors. For example, a comparison
of reference maplets derived from the National Land Cover
Database (NLCD), provided locational information leading
to the identification of error type that revealed registration
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errors as the primary error component associated with urban
cover extent. They also cautioned that the maplet aggregation
method may introduce additional error sources (Schneider

et al., 2003).

Study Objectives

The objectives of this study were (a) to investigate scaling
(regional to subregional) impacts on classification accuracies
using 250 m multi-temporal NDvI imagery for 2007, and (b) to
compare two accuracy assessment approaches: area-based and
point-based. Here, we define regional (Omernik Level IIT) and
subregional (Omernik Level IV) scales based on Omernik’s
classification of ecoregions within the contiguous United
States (Omernik, 1987). We employed a novel methodology of
distributing multiple smaller maplets throughout the classi-
fied image and determine the optimal maplet resolution and
maplet numbers for classification assessment. First we clas-
sified the larger regional scale (115,934 km?*) Omernik Level
I1I (o1.3) ecoregion (“Northern Hardwood Forest”) using ENVI's
Spectral Angle Mapper (sam), a hyperspectral image classifi-
cation technique applied to continuous time-series NDvI for
four cover types (woody deciduous and coniferous vegetation,
barren, and grass). Then, we applied the same classification
algorithm across 30 smaller subregional scale Omernik Level
IV (0L4) ecoregions nested within the larger OL3 ecoregion.

To test regional/subregional classification impacts we com-
pared both 013 and OL4 classifications against a reference
dataset derived from the 2006 NLCD. Finally, both classifica-
tions (regional and subregional) were assessed over one 014
ecoregion extent (Toimi Drumlins) using point-based and
area-based accuracy assessment procedures.

Study Area

We performed classifications within an ecoregion sub-basin
structure for the United States portion of the GLB correspond-
ing to the Omernik Ecoregion Classification System. Omernik
developed the ecoregions for the conterminous US at four
levels, with subdivisions predicated on “perceived patterns of
a combination of causal and integrative factors including land
use, land surface form, potential natural vegetation, and soils”
(Omernik, 1987). The US portion of the GLB is composed of 12
OL3 ecoregions covering 328,128 km* with over one-third of
the area comprising the Northern Lakes and Forests Ecoregion
(Omernik Code = 50). 0L3 designations were designed to
address regional analysis, whereas OL4 designations provide
useful information at the local level of analysis. The 0OL3
Northern Lakes and Forests Ecoregion is further segmented
into 30 distinct OL4 ecoregions ranging between 1 to 7 percent
of the oL4 parent region (Figure 1).

The area-based versus point-based accuracy assessment
comparisons were focused within the oL4 Toimi Drumlins
ecoregion (5,473 km?) nested within the larger OL3 ecoregion,
or 4.4 percent of this area. The Northern Lakes and Forests
ecoregion is characterized by nutrient-poor glacial soils
dominated by coniferous and northern hardwood forests. The
glacial processes on this ecoregion have produced undulat-
ing till plains, morainal hills, broad lacustrine basins, and
sandy outwash plains. The Toimi Drumlins, located north by
north-east of Duluth, Minnesota, are described by a rolling
topography of ridge and troughs where drumlins are typically
1.6 km long, 0.4 km wide, 9 to 16 m high, and oriented in a
southwest-northeast direction. Soils are medium to coarse-
textures of Superior and Rainy Lobe glacial till. Inter-drumlin
areas are poorly and very poorly drained and vegetation is
dominated by aspen-birch, spruce-fir, white-red-jack pine, and
oak-hickory cover types.
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