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Plate 2. Breakdown of Landsat scenes by receiv-
ing station for the circa 1990 epoch. Without the
assistance of the foreign Landsat receiving sta-
tions, it would have been impossible to obtain
near global Landsat 4 and 5 thematic mapper
coverage. See also Plate 1b for the global distrib-
ution of data for the circa 1990 epoch.

57.0 m, for the panchromatic, reflective, and thermal bands,
respectively (Table 3);

Three-band T™™ and three-band ETM+ Thematic Mapper
“blended” mosaics covering areas of 5° by 6° for all continen-
tal landmasses for the circa 1990 epoch (28.5-m resolution)

(Table 4) and circa 2000 epoch data (14.25-m resolution)
(Table 5), respectively. The 14.25-m spatial resolution was
achieved by panchromatic band “sharpening” of the three
bands used in the circa 2000 epoch mosaics.

Mosaic Products

Five- by six-degree mosaics were created from both the circa
1990 epoch ™ data with 28.5-meter pixels and the circa
2000 epoch ETM+ with 14.25-meter pixels (Tables 4 and 5).
The 0.52- to 0.60-, 0.76- to 0.90-, and 2.08- to 2.35-pm bands
for both the circa 1990 and circa 2000 epochs were used
and were assigned blue, green, and red colors, respectively,
to produce a three-band color image in GeoTIFF format. In
order to eliminate possible scene-to-scene discrepancies in
image quality, year, season, and cloudiness, a flexible color
palate technique was developed, by which digital histograms
of adjacent scenes were compared and “feathered.” These
data were projected into UTM coordinates and resampled to
28.5 m for the circa 1990 epoch and to 14.25 m for the circa
2000 epoch using a cubic-convolution process to enhance
the visual quality of the mosaic (Koeln et al., 1999) (Plate 5).
In tropical regions with persistent cloud cover, color and
intensity balancing between scenes is difficult and produces
visible disjunctions between images. This is most pro-
nounced if the number of available scenes is low for the area
in question and data from widely different phenological
times are used.

Data Validation

Once images were orthorectified and geodetic coordinates
were assigned, all data were transferred to the the Stennis
Space Center where they underwent a process of independent
evaluation for data quality and geopositional accuracy. Data
were ingested into a mass storage system where scene identifi-
cation and scene metadata were verified. Software automati-
cally produced image statistics on cloud cover using a re-
duced-resolution three-band composite of each scene. An
analyst reviewed image statistics and also examined at full
resolution all scenes flagged to have questionable data, signifi-
cant amounts of data dropout, cloud contamination, or any
other problems. After initial quality checks, geopositional
accuracy statistics were assessed using a small sample (40 to
100 per data block) of independent ground control points to

Plate 3. Regional aggregations of data were used to adjust the blocks of satellite data de-
scribed in this paper. The number of Landsat scenes per block varied from 400 to 1,500.
See Figure 2 for an example of one of the blocks.
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GTOP030 Source Data
I Digital Terrain Elevation Data
Il Digital Chart of the World
[ uses Digital Elevation Models
Il Army Map Service Maps
- International Map of the World
B Peru Map
Il Vew Zealand DEM
[ Antarctic Digital Database

Plate 4. The digital elevation data used for the orthorectification process of all three global
epochs consisted of a combination of 30-arc-second GToP030 (1-km) and, where available, a
3-arc-second (30-m) digital elevation model data. The light blue and dark purple areas in this
figure indicate where the higher resolution 3-arc-second digital elevation model data were used.

Plate 5. Circa 1990 epoch (a) and circa 2000 epoch (b) Landsat mosaic products over the
southern portions of Lake Michigan and adjacent areas of the United States. A full-resolution
28.5-m subset of (a) for the circa 1990 epoch is shown as (c) and a full-resolution 14.25-m
subset of (b) for the circa 2000 epoch is shown as (d).
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TABLE 3. LANDSAT 7 ENHANCED THEMATIC MAPPER SCENE PRODUCT SPECIFICATIONS FOR CIRCA 2000 EPOCH. A TOTAL OF 8,500 LANDSAT 7 SCENES WERE OBTAINED
FOR THE CIRCA 2000 EPOCH. AN ADDITIONAL 900 LANDSAT 7 PATH-ROWS WERE ACQUIRED OVER THE CIRCA 1990 EPOCH DATA,
TO COVER MOST ISLANDS (SEE ALSO PLATE 1C)

Number of scenes used

Number of spectral bands

Cloud cover

Image format

Resampling interpolation method

GeoTIFF

8,500 scenes, all provided by the EROS Data Center
All eight enhanced thematic mapper bands
90% of imagery will have 10% or less cloud cover

Nearest-neighbor (no interpolation)
28.5 m for six reflective bands, 14.25 m for the panchromatic band, and 57 m for the thermal band

Pixel size
Projection UTM zone determined by scene center
Datum/Spheroid WGS 84

Horizontal control
Vertical control

Control passed from the orthorectified thematic mapper circa 1990 epoch imagery
U.S. Government provided 1-arc-second digital elevation model data where available; otherwise,

GTOPO30 30-arc-second digital elevation model data

Positional accuracy

<50 meters, root-mean-square error

TABLE 4. ORTHORECTIFIED 5° BY 6° LANDSAT 4 AND 5 THEMATIC MAPPER MOSAIC PRODUCT. EACH MOSAIC COVERS AN AREA OF APPROXIMATELY 5 DEGREES OF LATITUDE
BY 6 DEGREES OF LONGITUDE. MOSAICKED DATA ARE AVAILABLE IN BOTH GEOTIFF AND MRSID COMPRESSED FORMAT. THE HISTOGRAMS OF THE INDIVIDUAL SCENES WERE
MATCHED AND THE OVERLAPPING AREAS BETWEEN SCENES FEATHERED TO CREATE A VIRTUALLY SEAMLESS MOSAIC. THESE DATA WERE PROJECTED TO A UTM
PROJECTION WITH THE WGS84 DATUM AND RESAMPLED TO 28.5 M USING A CUBIC-CONVOLUTION PROCESS TO ENHANCE THE VISUAL QUALITY OF THE MOSAIC.
EXAMPLES OF THESE MOSAIC DATA APPEAR IN PLATES 5A AND 5C

Number of scenes used
Number of spectral bands
Cloud cover

Image format

Resampling interpolation method Cubic convolution

Pixel size 28.5 meters
Projection
Datum/Spheroid WGS 84

Same as Table 2
Same as Table 2

Horizontal control
Vertical control
Positional accuracy

7,413 Landsat 4 and 5 thematic mapper orthorectified scenes used to derive mosaics
Thematic mapper bands 7, 4, and 2 used as red, green, and blue colors, respectively
90% of imagery will have 10% or less cloud cover

GeoTIFF or MrSid compressed

UTM and blocked into 5 degree N-S partitions

<50 meters, root-mean-square error.

TABLE 5. ORTHORECTIFIED 5° BY 6° LANDSAT 7 ENHANCED THEMATIC MAPPER MOSAIC PRODUCT. EACH MOSAIC COVERS AN AREA OF APPROXIMATELY 5 DEGREES OF
LATITUDE BY 6 DEGREES OF LONGITUDE. THE HISTOGRAMS OF THE INDIVIDUAL SCENES WERE MATCHED AND THE OVERLAPPING AREAS BETWEEN SCENES WERE FEATHERED
TO CREATE A VIRTUALLY SEAMLESS MOSAIC. THESE DATA WERE PROJECTED TO A UTM PROJECTION WITH THE WGS84 DATUM AND RESAMPLED TO A 14.25-M SPATIAL
RESOLUTION USING A CUBIC-CONVOLUTION PROCESS TO ENHANCE THE VISUAL QUALITY OF THE MOSAIC. EXAMPLES OF THESE MOSAIC DATA APPEAR AS PLATES 5B AND 5D

Number of scenes used
Number of spectral bands
Cloud cover

Image format

Resampling interpolation method Cubic convolution

8,500 Landsat 7 Enhanced Thematic Mapper orthorectified scenes used to derive mosaics
Enhanced Thematic Mapper bands 7, 4, and 2 used as red, green, and blue colors, respectively
90% of imagery will have 10% or less cloud cover

GeoTIFF or MrSid compressed

Pixel size 14.25 meters
Projection UTM and blocked into 5 degree N-S mosaics
Datum/Spheroid WGS 84

Same as Table 3
Same as Table 3

Horizontal control
Vertical control
Positional accuracy

<50 meters, root-mean-square error

estimate the overall geopositional accuracy of the circa 1990
epoch imagery. Accuracy estimations were then extrapolated
to all images within the processing block in question.

MSS and ETM+ data geo-positional accuracy validation
was similar to the procedure used to estimate geo-locational
accuracy for the Landsat T™ circa 1990 epoch product, except
that the analysts had more ground control points to use in the
computation of RMS error. The Earth Satellite Corporation did
not directly use the NIMA-supplied ground control points for
their MSs and ETM+ processing. These thus could also be used
to verify geopositional accuracy of the earliest and latest
Landsat data epochs. Control point documentation included
path/row references, diagram sketches, and descriptive re-
marks. These control points were entered into a text file and
converted to vector point coverage using an image processing
software package. This UTM projected coverage served as
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reference data for evaluating overall accuracy. An analyst then
located each of the ground control points in the respective
Landsat scene, using all available information. If a ground
control point was unable to be discerned, the point was then
omitted from verification.

A first-order polynomial technique was used to determine
the cumulative geolocation RMSE for points sampled across a
number of images from a given data block. Only ™ and ETM+
data blocks with an RMSE less than 50 m and MSS data blocks
with an RMSE less than 100 m were accepted. Data not ac-
cepted were returned to the Earth Satellite Corporation for
reprocessing.

The absence of a sufficient amount of ground control
points in some blocks precluded this step of verification. The
following blocks were not specifically evaluated for RMS
geolocation error: Australia, North Africa, northeast Asia,
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southern South America, and Arctic regions 1, 2, and 3
(Plate 3). There was no geolocation accuracy assessment for
the 5° by 6° mosaics because these data were derived from
individual orthorectified scenes.

The spectral feathering and radiometric adjustments used
to generate the satellite mosaics compromises some scientific
uses. However, the mosaics have proven to be very useful for
preliminary scientific analyses, education, visualization, and
geographic information system “backdrop purposes.” Adja-
cent scenes in the same UTM zone were geographically assem-
bled and an analyst “hand-blended” image bands between
and among scenes. This process maximizes spatial informa-
tion at the expense of spectral integrity of pixels. By virtue of
the seamless “feathering” between adjacent scenes within
areas of overlap, it is frequently impossible to determine
which pixel has come from which scene in areas of overlap-
ping data.

Data Access and Use

Scene selection, acquisition, and processing of Landsat data as
described were completed by the Earth Satellite Corporation
(http://www.earthsat.com) of Rockville, Maryland, under NASA
contracts NAS13-98046 and NAS13-02032. Through the terms of
this contract, NASA has unrestricted right to copy, use, and dis-
tribute the orthorectified Landsat MSS, T™M, ETM+, and mosaic
products for scientific and educational purposes. Some “raw”
data acquired for orthorectification have selective redistribu-
tion restrictions (see Table 2). Archiving and redistribution of
scenes and mosaics will be done by the USGS EROS Data Center,
Sioux Falls, South Dakota, and regional data centers supported
by NASA. Data will be available to all requesters for a small fee
to recover copying and mailing expenses. Large blocks of

these data are also available from the University of Maryland’s
Global Land Cover Facility (http://glcf.umiacs.umd.edu/
index.shtml).

Individual orthorectified Landsat 4 and 5 T™ scenes in-
clude all seven bands and are in UTM coordinates based on the
WGS84 datum. Landsat 7 circa 2000 data include eight bands.
Each scene is available in a GeoTIFF format, a single file for
each band. A typical GeoTIFF file is usually less than
60 megabytes, with the exception of the Landsat 7 panchro-
matic band, which is about 240 mb. Orthorectified Landsat 1,
2, and 3 MSs data include all four bands and are also projected
into a UTM projection, similar to the T™M data sets. Mosaics are
distributed as either an uncompressed three-band GeoTIFF
(approximately 1.5 gigabytes) or as a “MrSid” compressed file
(www.lizardtech.com/solutions/geospatial). Mosaics are ap-
proximately 50 megabytes when compressed with the
“MrSid” compression software.

Preliminary use of the data we describe indicates a high
research potential of the 1970s, circa 1990, and circa 2000
Landsat data epochs with a high geodetic accuracy. Forest
mapping work for all of Madagascar has found average
positional accuracy to be better than 40 m for the 1990 and
2000 data layers and better than 80 m for the MSs data from
the 1970s. Furthermore, very little time was needed to
achieve coregistration among the three time periods
(Steininger, personal communication, 2003). Variation be-
tween GPS coordinates and circa 2000 epoch ETM+ geodetic
coordinates has been reported to average 20 m for 30 loca-
tions in Central America (Grant Harris, personal communica-
tion, 2003).

The potentially substantial time savings by avoiding ex-
tensive coregistration among three Landsat data epochs can-
not be overstated while retaining excellent geodetic accuracy.
The data set we describe represents a major achievement
in the preservation and availability of global Landsat data for
three time periods spanning almost 30 years. It is also the first
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time a globally consistent orthorectified satellite data set at a
spatial scale of tens of meters with highly accurate within-
scene and among-scene geodetic accuracy has been available
to educators and researchers at minimal cost. Should this ef-
fort be repeated henceforth at five-year intervals, the interna-
tional research community would continue to have unprece-
dented opportunities to monitor the land cover of our planet
and document changes to it. The data set we describe is an
important first step towards this end.
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