
Abstract
The long-term acquisition plan (LTAP) was developed to
fulfill the Landsat-7 (L7) mission of building and seasonally
refreshing an archive of global, essentially cloud-free, sunlit,
land scenes. The LTAP is considered one of the primary
successes of the mission. By incorporating seasonality and
cloud avoidance into the decision making used to schedule
image acquisitions, the L7 data in the U.S. Landsat archive
is more complete and of higher quality than has ever been
previously achieved in the Landsat program.

Development of the LTAP system evolved over more than a
decade, starting in 1995. From 2002 to 2004 most attention has
been given to validation of LTAP elements. We find that the
original expectations and goals for the LTAP were surpassed
for Landsat 7. When the L7 scan line corrector mirror failed,
we adjusted the LTAP operations, effectively demonstrating
the flexibility of the LTAP concept to address unanticipated
needs. During validation, we also identified some seasonal and
geographic acquisition shortcomings of the implementation:
including how the spectral vegetation index measurements
were used and regional/seasonal cloud climatology concerns.
Some of these issues have already been at least partially
addressed in the L7 LTAP, while others will wait further atten-
tion in the development of the LTAP for the Landsat Data
Continuity Mission (LDCM). The lessons learned from a decade
of work on the L7 LTAP provide a solid foundation upon which
to build future mission LTAPs including the LDCM.

Introduction
Over the last 33 years and seven Landsat missions, a variety of
mission operation approaches have been employed to acquire
global Landsat imagery. Inspection of the historical Landsat
observation record currently residing in the U.S. Geological
Survey’s Center for Earth Resources Observation and Science
(USGS/EROS) National Satellite Land Remote Sensing Data
Archive (NSLRSDA) has shown that during various periods of
the Landsat mission history, the observatories were directed
toward differing goals (Goward et al., 2006). These efforts
varied from manually-specified global observations in early
days to much more regional-focused goals when international
cooperators became more prevalent, satellite systems failed
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(such as recorders and antennae) and/or the “commercial”
market for Landsat observations declined. It was only with
Landsat 7 and the return of the mission to U.S. government
operations that the original vision of global monitoring was
again pursued under the LTAP concept.

Background
Over the Landsat mission history, most efforts to define
image acquisition approaches were ad hoc, determined
principally by mission operators at:

• The National Aeronautics and Space Administration’s
Goddard Space Flight Center (NASA GSFC) (1972 through
1978),

• National Oceanic and Atmospheric Administration (NOAA)
(1979 through 1985),

• EOSAT (1985 through 2003), and
• USGS/EROS (2003 to present).

There were also times that NASA program managers in
charge of large-area missions (such as the NASA Large Area
Crop Inventory Experiment (LACIE, 1976 through 1978) and
Agriculture and Resource Inventory Surveys through Aero-
space and Remote Sensing (AGRISTARS, 1979 through 1982)
programs) had a significant impact in defining mission
acquisitions. The innovation of an automated long-term
acquisition plan originated from discussions in the ad hoc
Landsat science team, after the mission had been returned to
the government in 1992. Implementation of this approach
was taken up by the Landsat Project Science Office (LPSO) in
1995 to support Landsat-7 mission operations.

Landsat Scenes and Images
The Landsat scene concept is an interesting artifact of the
34-year Landsat mission heritage. A Worldwide Reference
System (WRS) was developed to break the image acquisi-
tions into “bite-size” pieces, suitable for processing with
low-capacity computers as well as viewing as imagery by
analysts. The Landsat orbit is maintained such that each
image collected is centered on a WRS scene location. The
WRS system uniquely identifies all locations on the Earth
observed by Landsat. Each WRS scene is an area on the Earth
of approximately 32,000 km2, or about 1.5 by 1.5 degrees of
latitude and longitude at the equator.

Need for LTAP
There are many users even today (after more that 34 years of
operations) who believe that the Landsat system acquires
data continuously while in orbit. Given mission and ground
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systems constraints, this has never been possible, nor would
it be a particularly effective approach to operating such an
observatory. For example, a continuously operating Landsat-
7 system would generate truly large volumes of data: well
over 1.1 terabytes per day or 3,600 images for the Enhanced
Thematic Mapper Plus (ETM�) (Table 1). Not only would
these data volumes overwhelm existing satellite, telemetry,
ground processing, and archival systems, but also it would
produce many data of little or no value to the users.

Simply limiting Landsat acquisitions to only land areas
that are sunlit reduces the data volume by approximately 75
percent; however, even with these limits, acquired data
volumes would be more than the sensor/data system can
afford or tolerate. On average, the Landsat-7 observatory has
the potential for observing 850 to 900 sunlit scenes per day.
Landsat-7 system developers determined that the observatory
could acquire an average of approximately 450 images per
day, of which approximately 250 images would be acquired
for the U.S. archive. The remaining system capacity would
be made available to International Cooperators (ICs).

LTAP Science Drivers
One of the more compelling realizations from the multi-
decadal Landsat mission is that the Earth’s land areas are
better defined by their seasonal variability than the synoptic
patterns imaged on any given day (Goward, 1989; Goward
and Williams, 1997; Justice et al., 1985). These seasonal
variations in land-cover occur primarily as local vegetation
responds to variations in climate (Goward and Prince, 1995).
Characterizing land-cover and land-cover change from
remotely sensed data requires more than one image per year
(Townshend et al., 1991).

After the Landsat system was returned to government
management in the early 1990s, the ad hoc Landsat Science
Working Group suggested that the then-future Landsat-7
should acquire “seasonally-refreshed” observations of all the
Earth’s land areas. This statement was further refined by
specifically noting that the long-term goal of the Landsat-7
mission would be to “build and seasonally refresh an
archive of global, essentially cloud-free, sunlit, land scenes.”
It is important to note that this mission statement and the
resultant long-term acquisition plan apply solely to the
National Satellite Land Remote Sensing Data Archive at
USGS/EROS. The acquisitions transmitted to the International
Cooperator ground stations for their archives are negotiated
between USGS and the ICs. They typically include all imagery
for WRS locations within the acquisition circle of the ground
station.

The Landsat-7 Long-Term Acquisition Plan
The Landsat-7 LPSO made a concerted effort to systematize
and automate the L7 mission goal to build and seasonally
refresh a U.S. archive of global, essentially cloud-free, sunlit,
land scenes (Arvidson et al., 1999; Arvidson et al., 2001;

Arvidson et al., 2002; Arvidson et al., 2000; Goward et al.,
1996; Goward et al., 1999). This was done by partnering the
Mission Scheduler software with the long-term acquisition
plan (LTAP). The LTAP defines the archive-building factors to
be considered during scheduling including: location of land
scenes, seasonality, cloud avoidance, gain settings, and sun
angle. The Scheduler software implements algorithms which
balance these factors against the mission constraints (Table 2)
and arrive at the “best” 250 candidate images to be sched-
uled each day1.

Development Cycle
The LTAP development team initiated work in 1995 and
delivered the launch-ready LTAP in late-1998 (Arvidson et
al., 2001; Goward et al., 1999). After launch in April 1999, a
short-term acquisition plan was used to operate the mission
for the first 75 days, to achieve initial spacecraft and sensor
assessment, before the spacecraft arrived on the WRS orbit.
When on-orbit checkout was completed, the Landsat-7 was
placed in operational status as of 29 June 1999. At that time
the LTAP took over mission scheduling.

LTAP development continued post-launch, including a
three-year effort initiated in 2002 to validate the developed
approach. Continual LTAP monitoring during operations, as
well as the more detailed LTAP validation reported here,
have produced numerous insights into the success of the
LTAP-based operations. These insights have led to suggested
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1On 11 May 2004, the daily image acquisition level was
raised from 250 to 300. After the failure of the scan-line
corrector mechanism on the ETM� in June 2003, all images
acquired had wedge-like data gaps on the left and right
edges. As a result, the acquisition strategy was altered to
favor acquiring several clear images of a scene within a 2- or
3-cycle time period; these can be merged to form a single
image with little or no residual data gaps.

TABLE 1. HYPOTHETICAL LANDSAT-TYPE ACQUISITION RATES

Per Day Per Year

Acquisition
Strategy Scenes Bytes Scenes Bytes

Always 3,600 1.1 tera 1.2 mil 400 tera
Day Only 1800 0.6 tera 0.6 mil 200 tera
Day & Land Only 850* 0.3 tera 0.3 mil 100 tera

*Somewhat variable from day-to-day and the land-ocean proportions
vary with longitude.

TABLE 2. SENSOR AND SPACECRAFT TECHNICAL CONSTRAINTS THAT MUST

ALSO BE CONSIDERED WITHIN THE SCHEDULING ALGORITHMS

Mission Constraint Constraint Specification

Duty Cycle • Maximum minutes on/moving time
window: 34 mins/100 mins,
52 mins/200 mins,
131 mins/600 mins,
16.7%/23 hrs; at night,
15 mins maximum on time

Communications • Direct downlink only, 
no relay capability

• Limited number of ground stations 
at which to downlink data

• Only three downlink antennas available
On-board Storage • 105-scene capacity 

(at beginning of life)
• Maintain sync between on-board 

storage status and scheduling system
Sensor States • Must specify gain state for 

each sensor band for each 
acquisition (see Markham et al., 
2006)

Acquisition Level • Average of 250 scenes to the 
U.S. archive daily, averaged over 
2 days (was raised to 300 in 2004)

Non-U.S. Stations • Incorporate imaging requests 
from International Cooperators 
(ICs) into available duty cycle after 
U.S.-archive acquisitions

• Manage antenna availability 
when multiple ICs in view at once
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changes in the LTAP which have either already been imple-
mented in LTAP updates or should serve as important consid-
erations for the development of LTAPs for future systems
such as LDCM.

LTAP Elements
As stated earlier, the full goal of the LTAP are to build a
seasonally-refreshed global archive of sunlit, relatively
cloud-free land scenes. Given the mission engineering con-
straints (Table 2), the LTAP development team hoped to
achieve, as a minimum, at least one good image annually
for each land WRS location on the entire globe. In addition,
we expected to devote most acquisitions to observing loca-
tions where substantial land-cover seasonality occurs. The
elements of the LTAP consist of land definition, seasonality
and cloud avoidance

Land Definition and Niche Locations
Using an atlas (Rand McNally, 1991) and WRS maps (USGS/
NOAA, 1982), each WRS scene location was examined to
determine if it contained land, no matter how small, shallow
coastal waters (to 200 m), and/or regions of permanent sea
ice and ice pack. We defined each WRS location as “land” if
any or all of these criteria applied.

Additionally, we worked with representatives from the
science community to identify and label scenes of interest to
various science niches, including: volcanoes, glaciers, reefs,
oceanic islands, central Africa scenes for the Global Obser-
vation of Forest Cover program, Siberian boreal forest study
sites, Earth Observing System (EOS) calibration sites, and sea
ice extents (Table 3).

Seasonality
Land seasonality is defined by observed monthly variations
in composited normalized difference vegetation index (NDVI)
measurements, derived from the NOAA Advanced Very

High Resolution Radiometer (AVHRR) (Goward et al., 1994).
With the L7 16-day orbital cycle, there are typically two
acquisitions acquired during each month of the year. Two
alternate monthly acquisition approaches were defined: (a)
acquire-always at both opportunities, when large changes are
observed in the NDVI from year to year, and (b) acquire-once,
when little change is observed in the seasonality informa-
tion. Once we had established the baseline global seasonal-
ity, we then adjusted this seasonal acquisition scheme for
specific additional goals (Table 3).

Cloud Avoidance
The cloud avoidance element is a three-step scheduling
process, followed by a post-acquisition analysis that guides
future acquisitions. Cloud avoidance consists of:

1. Historical WRS Average Cloud Cover: Monthly summary of
an ISCCP (International Satellite Cloud Climatology Project)
five-year data set (Rossow et al., 1996; Rossow and Schiffer,
1999)

2. Current Daily Prediction: Daily NOAA NCEP (National Centers
for Environmental Prediction) cloud cover, aggregated to WRS
locations.

3. Priority Evaluation: Scheduler compares monthly average
cloud cover to the daily cloud cover prediction for every
potential scene acquisition (Gasch and Campana, 2000).
Predictions better than average receive a priority increase
and vice versa.

Post-acquisition, the scheduler assesses each scene
acquired to determine if acquisition was successful, using
the automated cloud-cover assessment (ACCA) performed
during post-acquisition image processing (see Irish et al.,
2006):

• If the ACCA �10 percent, the acquisition is considered
successful

• If ACCA �60 percent, the acquisition is considered missed,
the next acquisition priority is raised

PHOTOGRAMMETRIC ENGINEER ING & REMOTE SENS ING Oc t obe r  2006 1139

TABLE 3. THE BASIC LTAP SEASONALITY WAS MODIFIED BY THESE ADDITIONAL COVERAGE GOALS

Additional Coverage Goal Seasonality Cloud Coverage

U.S. (except Alaska) Acquire always all year long Ignore predicts
Alaska Acquire always all year Ignore predicts (note – this

long as long as solar was changed in 2002 to use
zenith angle (SZA) cloud avoidance)
�85 degrees

Humid tropical Acquire always all year long Use cloud avoidance
rainforest

USDA campaign sites Acquire always during Use cloud avoidance; do not
specified seasons acquire if predict is �60% clouds

Volcanoes Acquire both day and night Use cloud avoidance for
from 2 to 6 times each year, using day scenes
science-submitted prioritization

Sea ice Acquire from 1 to 3 times Use cloud avoidance
each year within specified seasons

Oceanic islands Acquire twice each year within Use cloud avoidance
specified seasons

Siberia boreal research sites Acquire always within 9 month Use cloud avoidance
period as long as

SZA �85 degrees
EOS Calibration sites Acquire always Use cloud avoidance
Reefs Potential research sites: twice Use cloud avoidance

each year at peak/nadir of
bleaching; existing research
sites: quarterly

Glaciers and land ice Acquire glaciers and Greenland Use cloud avoidance for
once at peak of ablation; acquire glaciers and Greenland;
Antarctica once during local ignore cloud predicts for
summer season (changed in 2001 Antarctica (changed in 2001
to active areas only) to use cloud avoidance)
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• For ACCA of 11 percent to 59 percent, a graduated priority
increase for the next acquisition is applied.

Thus, the cloud avoidance strategy not only impacts the
acquisition priority for the current day but also impacts
future priority for this WRS location, until a “successful”
acquisition has taken place.

LTAP Results
During the first five years of the L7 mission, the LTAP per-
formed exceptionally well, producing at least annual, nearly
cloud-free imagery of most land locations on the Earth (see
this issue’s cover). For most locations we found that reason-
ably cloud-free imagery (�30 percent cloud cover) are
acquired during the four seasons (e.g., December to February,
March to May, June to August, September to November) of
the year, although not monthly as we had originally hoped
(Plate 1a).

As we inspected the acquired LTAP coverage in more
detail, we began to discover some patterns in the acquisi-
tions that we had not anticipated, such as devoting too
many acquisitions to repeat coverage in the arid and semi-
arid regions of the globe (Arvidson et al., 2001). These
insights led us to propose pursuit of a more formal valida-
tion of the LTAP, by examining the outcome of the LTAP as
represented in the collection of images resident in the U.S.
Landsat-7 data archive.

One aspect of the L7 LTAP that we have learned over and
over again is that developing and refining the LTAP/Sched-
uler is entirely non-intuitive. Each time modeling or valida-
tion runs are produced and analyzed, we find unexpected
results that warrant further investigation. The whole effort
has been and continues to be almost entirely recursive. The
interactions between demands for science-quality data and
the technical constraints of a system such as Landsat-7
create an exceedingly complex mission operations challenge

Validation of the LTAP
From 1995 forward, we periodically conducted qualitative
assessments on LTAP performance (Goward and Arvidson,
1998). In 2002, we undertook a definitive, quantitative
assessment of LTAP, which ultimately took three years to
complete (interrupted by the SLC failure). Every aspect of the
LTAP was included in this assessment. We looked at the
actual outcome of the LTAP performance, as determined from
the archive contents, compared to our desired outcome to
determine the effectiveness of the LTAP scheme.

Seasonality
Given the L7 17 percent daily duty cycle, we assumed that
all the Earth’s land areas would be acquired about once
every two 16-day cycles (approximately once per month). To
evaluate this outcome, we produced WRS-based coverage
maps from the U.S. archive for each 32-day period through
the year (Plate 1a and Plate 2a). We also produced seasonal
(quarterly) coverage maps, where the seasons are defined
as: December to February, March to May, June to August,
September to November (Plate 1b and Plate 2b). We also
used the USGS/EROS Landsat global visualization (GLOVIS)
data exploration tool, available at http://glovis.usgs.gov, to
qualitatively confirm our coverage analysis. With GLOVIS, we
were able to perform visual assessments of specific geo-
graphic locations on the quarterly and the 32-day maps by
viewing the temporal sequence of imagery that had been
acquired under the LTAP for that location.

Overall, as originally implemented, the LTAP takes up to
three months to acquire 90 percent of the land scenes, rather
than the one month we had anticipated that it would take.

However, even over three months (approximately six repeat
observation cycles) for many WRS locations, many of the
acquired scenes do not meet a criteria of less than 30 per-
cent cloud cover, the minimum acceptable cloud cover
for many users. In fact, to achieve this criterion globally
requires at least one observation year, particularly for cloud-
prone regions of the globe (Plate 1 and Plate 2; also see
cover images for this issue).

Coverage Geography
We found that the geographic distribution of acquisitions is
not always optimal:

1. Too many desert scenes. Qualitative inspection of coverage
in GLOVIS as well as statistical assessments shows that the
LTAP acquires too many desert scenes and not enough boreal
scenes (Table 4). We apparently were not as systematic
within the LTAP in restricting desert scene seasonality as we
had intended to be. The current plan is to limit acquisition
of desert scenes to twice per year: once at high sun angle
(�60° elevation) and once at low sun angles (15° to 30°
elevation, if this occurs).

2. Too few boreal scenes. Statistical analysis and visual browse
image inspection also revealed that too few boreal forest
images are acquired in the summer and too many during the
winter (Table 4). We are not entirely sure why the LTAP
acquires too few summer boreal images, but this may be
the result of persistent local cloud cover or perhaps less
reliable NCEP forecasts during the summer in this region.
Our assessment of boreal images acquired (Table 4) indicates
that, on average, we acquire two-to-four fewer images per
year in the boreal regions than we do in the desert region.
This, despite the fact that only about 25 percent of the
acquired images are considered “clear” (�10 percent) in the
boreal region. To address the summer problem, we now
“acquire-always” during June to September in the boreal
regions. The winter boreal outcome is the reverse, with
many clear images acquired but with no change of land
surface conditions, as snow cover persists for extended
periods of time (see cover images).

3. We also have become uncomfortable with the large number
of scenes containing a small portion of land when that
same area was also covered by a neighboring scene. Not
aware of any group of scientists interested in 100-meter or
deeper water, we have already deleted 352 fringe coastal
scenes from the LTAP database to conserve instrument
resources.
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TABLE 4. COMPARISON OF IMAGERY ACQUISITION RATES VERSUS CLOUDINESS

FOR DESERT AND BOREAL REGIONS (AS DEFINED BY THE DEFRIES GLOBAL

LAND COVER ANALYSIS)

Boreal 2001 2002 2003 2004 2005

Avg. acquisitions/ 5.6 5.3 3.7 4.8 6.1
scene

Avg. ACCA 38.1 37 33.3 36.8 37.7
score (%)

Best ACCA 5.8 6.5 10.1 11.2 6.1
score (%)

% clear images 26.2 28.4 33.6 27.3 27.7
(acca�10%)

Desert 2001 2002 2003 2004 2005

Avg. acquisitions/ 7.4 7.7 7.9 12.1 12.4
scene

Avg. acca 14.1 13.9 15.8 12.6 13.9
score (%)

Best acca 0.3 0.5 0.6 0.3 0.3
score (%)

% clear images 71 70.6 67.6 73.3 70.6
(acca�10%)
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Cloud Avoidance
We found a strong correlation between the assessed and
predicted cloud-cover values at the low (0 to 10 percent)
and high (80 to 100 percent) ends of the scale (Figure 1).
Our analysis shows that predictions less than 10 percent or
more than 80 percent are generally accurate. Based on this,
we set a threshold of 80 percent predicted cloud cover
beyond which scenes were not considered for acquisition. A
predicted value of 93 percent for a scene’s acquisition is
very likely to be proven true by the assessed cloud score
after image processing, so we avoid wasting resources by not
imaging the scene in the first place.

Correlation for the remaining range (between 10 to 80
percent) varies by latitude under the influence of regional
atmospheric instability and related cloud development. This
is particularly true during the summer and in the tropics,
when and where convective cloud systems dominate and
can be difficult to predict. During the winter season, in the
mid- to high-latitudes, frontal systems between air masses of
differing conditions dominate cloud development and, for
now, are easier to forecast. In addition, specific situations
(such as fog/cloud banks off western continental coasts and
the affinity of clouds for isolated reefs and islands) result in
misleading predictions and assessments. These well-behaved
problem areas have led to proposals for updates to the ACCA
algorithm (Irish et al., 2006) and the Scheduler software to
address these situations.

Cloud-Prone Locations
We had speculated that LTAP performance in cloud-prone
locations might improve if the Scheduler was instructed to
acquire imagery every time for periods greater than one month,
and this was done in the tropic regions. To evaluate the effect
of this approach and its interactions with cloud avoidance, we
produced maps (Plate 2a, 2b, and 2c) showing the best cloud-
cover score for each WRS scene, for one month (Plate 2a) and
three months (Plate 2b) as well as the impact of cloud cover on
acquisition frequency, for three months (Plate 2c).

The outcome expected with increased acquisitions is
cloud clearing, as noted for the United States, New Zealand,
and portions of the Amazon basin. However, what is fre-
quently observed (particularly in persistent cloudy areas such
as equatorial Africa, northwest South America, the Aleutian
Islands, and far eastern Asia) is that increased acquisition
produces less cloudy imagery versus clear imagery, despite
persistent acquisitions throughout a full quarter of the year.
When such cloud-prone locations are correlated with acqui-
sition repeat frequency (Plate 2b and 2c), the LTAP persist-
ence in acquiring these locations is evident. These are the
same locations that international Landsat ground station
operators report are difficult to acquire as cloud-free images
even though they are acquiring imagery at every opportunity,
unconstrained by our cloud-avoidance approach.

These results indicate that the cloud avoidance approach
used in the L7 LTAP could benefit from a refined seasonal
(monthly) and regional understanding of cloud climatology,
such that for some locations and times no imagery would be
acquired, freeing up these acquisition resources for other
locations where acquisitions would be more successful. This
could also assist in specifying urgent areas for radar observa-
tions as well. There is more work needed in this area. There
is also a compelling need to develop a better understanding
of cloud climatology to evaluate whether satellite systems
with repeat coverage better than the current 15 to 30 day
repeat cycle would produce better global coverage than
systems such as Landsat-7 and LDCM.

Value of Cloud Avoidance
The LTAP cloud avoidance in general appears to be success-
ful. In the USGS EROS Landsat-7 archive, accumulated from
July 1999 to present, 57 percent of the images have �30
percent cloud cover and 39 percent have �10 percent cloud
cover, with an overall cloud-cover percentage of 34 percent
since launch (Landsat-7 Monthly Operations Review, May
2006, unpublished).

Assessment of the LTAP cloud-avoidance performance
is difficult because we have no cloud information on the
scenes we did not acquire. Nevertheless, we do have two
alternate assessments of the possible difference cloud avoid-
ance has made: (a) The United States (acquire-always) versus
the rest of the globe (Table 5), and (b) differences in cloud
cover observed when we did not have cloud forecasts to use
in the scheduling process for cloud avoidance.

The U.S. versus the rest of the world data (Table 5)
indicates that we acquired a total of 291,000 scenes during
this two-year period. Of these 291,000 images, about 59,000
were from the U.S., including Hawaii and Alaska, leaving
approximately 232,000 images acquired over the rest of the
globe. Note that the predicted (NOAA) cloud cover in the
U.S. exceeds our ACCA estimate by approximately 10 per-
cent. We believe that this bias originates primarily from
the ACCA algorithm, which is not effective for cirrus and
other thin clouds. For the remainder of the world, the
average predicted cloud cover for all possible images was
53 percent, whereas for the images selected for acquisition,
the predicted cloud cover was 32 percent and the ACCA
observed cloud cover was 34 percent2. Assuming the noted
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Figure 1. In this scatterplot, the whiter the symbol, the
higher the frequency of the paired combination. The
strong correlation between assessed and predicted cloud
cover at the extremes of the scale have influenced the
Scheduler algorithms.

2This, by the way, seems in conflict with the U.S. bias
analysis discussed previously. We assume this has to do
with the fact that for the U.S., every possible acquisition is
included in the CCp versus CCa comparison in Table 5. For
the rest of the globe, only the “best” acquisitions are
included, so we have a preponderance (hopefully) of
predicts in the 0 to 10 range which are strongly correlated
with ACCA, thus lessening the gap between CCp and CCa.
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10 percent bias between NOAA predicts and ACCA, the
images acquired outside the U.S. have approximately 8
percent lower cloud cover than would have been acquired
if cloud avoidance had not been used.

The second evidence that cloud avoidance improves
acquisition cloud cover comes from a comparison of ACCA
scores for time periods when we were unable to use cloud
avoidance because the NOAA forecasts were not available

versus normal cloud avoidance (Table 5). Of the approxi-
mately 291,000 images acquired since July 2002, for approx-
imately 20,000 (7 percent) of the images we did not have
cloud forecasts. For the no-forecast scenes, the assessed
cloud cover averages 41 percent, whereas for those images
where forecasts were available the cloud cover averages 31
percent. This 10 percent difference is comparable to the
previously assessed 8 percent noted for the U.S. versus the

1142 Oc t obe r 2006 PHOTOGRAMMETRIC ENGINEER ING & REMOTE SENS ING

Plate 1. Monthly and Seasonal Acquisition Rates: (a) shows coverage for two orbital cycles in June
2001: green � 1 acquisition, white � two acquisitions, and black � none. Note the lack of acquisi-
tions over southern Africa, Australia, and portions of South America. (b) shows coverage over six
orbital cycles, during the Northern Hemisphere summer months of June, July, and August of 2001.
Lighter tone indicates more scenes acquired during the time period and black indicates none. We have
just about full global coverage during this three-month season. Some gaps remain over the African and
Australian deserts and the Pacific islands. Full coverage is achieved at least once each year, and as
often as quarterly for many regions.
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Plate 2. (a) One-Month Acquisition Cloud Cover. Lowest cloud cover acquired over two
orbital cycles in June 2001 (orbital cycles 11 and 12). Black is clearest and white is
cloudiest. (b) Seasonal Acquisition Cloud Cover. Lowest cloud cover acquired over the six
orbital cycles for June, July and August 2001. Black is clearest and white is cloudiest.
(c) Repeat Acquisition Rates for a Season. How many times an acquisition failed to meet
cloud cover requirements and therefore was targeted for another acquisition. White � 1,
light green � 2, yellow � 3, orange � 4, red � 5. Note that many of the highest repeat
acquisitions occur for locations where a relatively low cloud cover image is never acquired.
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rest of the world. It is important to note that this reduction
in image cloud cover for acquired scenes most likely varies
seasonally and regionally, as cloud frequency varies (as
noted regionally for Alaska in Table 5).

Niche Communities
In concert with representatives from each identified science
niche community, we determined the initial niche sea-
sonality and incorporated it into the LTAP (Table 3). During
LTAP validation, we contacted these same representatives
and questioned them as to the effectiveness of the LTAP
from their science niche point of view (i.e., their satisfac-
tion as data users). In addition, we tabulated and analyzed
data sales statistics on a science niche basis. We also ana-
lyzed WRS-based maps portraying the acquisition density
for each science niche. As a result of these analyses, we
made several changes to the niche community acquisition
requests, including:

• Volcanoes – Discontinuing night acquisitions except on a
request basis

• Sea ice – Discontinuing acquisitions except on a campaign-
request basis

• Coral Reefs – Reclassifying high-priority reefs as low-priority
reefs, with the associated base-priority value; the reef-
mapping community indicated that most of the mapping was
complete and they were not in a position to reprioritize
acquisitions at this time

• Antarctica – Scaling back acquisitions to concentrate on
those areas deemed most active and most cloudy

Lessons Learned
The LTAP has been extremely successful and has demon-
strated the value of an automated but easily-modified acqui-
sition strategy. In view of this, the two primary successes
of LTAP (seasonality and cloud assessment/avoidance) are
included in the operations concept for the next Landsat
mission (NASA, 2006).

We continue to work on the LTAP, making adjustments
for operational scenarios (e.g., the need for composite-pair
acquisitions instead of single-scene acquisitions after the SLC
failure) and rectifying some of the shortcomings observed
during the validation effort between 2002 through 2004.

Cloud Avoidance
The NCEP predictive models have changed since 2004 and it
would be beneficial for future programs such as LDCM to
repeat some of the validations with the new models. The
baseline ISCCP data set used to establish the nominal cloud
cover was a five-year average. It would be interesting to use
a current data set, spanning more than 10 years, to update

the nominal values and analyze them further for possible El
Niño/La Niña effects.

Landsat Temporal Repeat Coverage
One of the major conclusions of this validation effort, is
that the Landsat-7 16-day repeat coverage cannot produce
clear (�10 percent cloud) observations for all land areas
for each season of the year. The Landsat-7 LTAP mission,
prior to the SLC failure, typically could not collect images
for many scene locations with cloud cover less than 30
percent once every three months. We found this to be a
particular problem in the high northern latitudes, where
the growing season is short and dominated by convective,
partly-cloudy conditions. The situation is much worse
in cloud-prone locations such as the humid tropics, where
in some cases it might take years or might not ever be pos-
sible to acquire “cloud-free” imagery. Further, with 16-day
coverage, it is not realistic to attempt to capture vegetation
dynamics during the green-up and senescence cycles.
What is not certain is whether more frequent temporal
coverage might help to address these cloud-persistence
problems.

There is a clear need to conduct better analyses of the
regional and seasonal patterns of cloud climatology. At least
for some cases, the information needed resides in the U.S.
and international cooperator “acquire-always” archives.
There are also resources in the AVHRR and Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) historical records
that can help address these uncertainties. As we move past
the LDCM deployment and seek to define future operational
mission concepts, a better understanding of these questions
will be needed.

NDVI Seasonality
Global Spectral Vegetation Index Observations
Our analysis of vegetation seasonality was from the UMCP
NDVI data set which is now over 10 years old. There have
been many advances in the development of global, seasonal
spectral vegetation index data sets, including from AVHRR,
VEGETATION, and now MODIS (James and Kullari, 1994;
Justice and Townshend, 2002; Xiangming, 2002). Any new
efforts to refine the LTAP seasonality approach should take
advantage of these more refined versions of the AVHRR
record including starting with the 8-km global acquisition
coverage (GAC) files, which adjust for Rayleigh scattering and
water vapor absorption and are based on better navigation
information. The MODIS sensor is further advanced, produc-
ing measurements from quite narrow spectral bands that
avoid most water vapor contamination and produce near-
daily coverage at 1 km, 500 m and 250 m, in the red and
near-infrared bands. In each case, the records of land veg-
etation seasonality would provide more precise estimates of
the regional vegetation dynamics the satellite is most likely
to observe at any given time.

Defining Seasonality
Our simple, binary analysis of seasonality used in the L7
LTAP could be more sophisticated. The original definition of
seasonality throughout the globe prescribed acquisition
levels that were too high and not necessarily at the right
time of year to detect change. We used NDVI data to deter-
mine when change was occurring and tried to capture that
change through frequent acquisitions. However, due to the
sensor duty cycle and sheer volume of candidate scenes for
acquisition, scenes designated as acquire-always were in fact
acquired once every four or five opportunities, at best. This
made it difficult to know where on the upslope (or downs-
lope) of the NDVI curve the image had been captured and the
rate of change it represented.
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TABLE 5. CLOUD COVER STATISTICS FOR SCENES ACQUIRED FROM 01 JULY

1999 THROUGH 01 JUNE 2003. CCA IS THE ASSESSED CLOUD COVER

PERCENTAGE DETERMINED DURING IMAGE PROCESSING. CCP IS THE PREDICTED

CLOUD COVER PERCENTAGE RECEIVED FROM THE NOAA NATIONAL CENTERS FOR

ENVIRONMENTAL PREDICTION

All Other
All LTAP 48 U.S. LTAP
Scenes States � HI Alaska Scenes

Acquired images 291080 40892 17689 232455
Avg CCa 36.7 39.9 59.6 34.4
Avg CCp 36.3 48.7 69.2 31.6
% of archive Clear 34.2 33.8 11.0 36.0
All Opportunities 744108 40892 17689 680905
Avg CCp 52.7 48.7 69.2 52.5
Rejected Opportunites 446925
Avg CCp 63.6
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Given these constraints as well as that of the Landsat-7
repeat coverage, we believe that a more useful approach to
mission operations would be to focus acquisitions on the
growing season and the dormant season, rather than attempt-
ing to capture the shorter green-up and senescent periods.
This focus would allow us to work harder to produce
composite clear views of these landscapes during each
dominant season, a significant criteria noted for the develop-
ment of the USGS National Land Cover Data (NLCD) set with
Landsat (Homer et al., 2004).

Our preliminary analysis of the AVHRR NDVI record has
led us to conclude that in the future, using the first deriv-
ative of the NDVI annual temporal trajectory would provide a
clear definition of these seasons and the transitions between
these seasons. This suggests the Scheduler system should be
supplied with the original or first derivative of the temporal
NDVI data sets to evaluate where in the annual seasonal cycles
the Landsat will be observing at any given time and location.

Summary and Conclusions
The Landsat-7 long-term acquisition plan (LTAP) was devised
as a tool to ensure systematic global acquisitions, building
an archive of high-quality cloud-free scientifically-useful
imagery. This tool has been quite successful, resulting in a
U.S. archive of over 540,000 images providing at least twice-
yearly global coverage, with 30 percent or less measured
cloud cover for 57 percent of its content (10 percent or less
for 39 percent of its content), and with an overall cloud-
cover percentage of 34 percent since launch (Landsat 7
Monthly Operations Review, May 2006, unpublished). It
should be noted however that the intended goal of season-
ally refreshing the archive was not met for some areas of the
globe. The LTAP has also proven itself adaptable to changing
conditions, including new acquisition requirements, shifting
biases in cloud predicts used during scheduling, and the
increasing need to preserve sensor resources to ensure
continuity and avoid a data gap before the launch of the
Landsat Data Continuity Mission.

Importance of Clouds
We have found that the cloud avoidance part of the LTAP
strongly dominates all other elements of the system, includ-
ing seasonality. This might not continue to be the case if we
are able to increase temporal repeat frequency of the cover-
age. However, there is considerable uncertainty now about
how far increased temporal repeat coverage will take us
toward at least biannual images with 10 percent or less
cloud coverage for all land areas of this planet. We have
much work yet to do in this direction and it should be done
as soon as possible, before a follow-on operational concept
to the LDCM is proposed.

Future Landsat-type Systems
Landsat-7’s time as our primary land observatory is coming
to an end. The U.S. Executive Office of the White House has
now stated that Landsat is a national asset and the continu-
ity of Landsat-like data must be pursued (Marburger, 2004
and 2005). The value of an efficient and effective LTAP will
increase in future missions as they produce increased data
volumes from substantially enhanced observatories.

The LDCM program is conceived as a dedicated satellite
with a Landsat-type sensor (Irons and Masek, 2006). As
such, the LTAP is included in the operations concept for
the LDCM program, with the intent to continue the successful
building of a global archive with scientific relevance. We
also expect that the LTAP concept will play a pivotal role in
the new operational era for Landsat that is currently being
defined.

Adaptation of the LTAP concept to the LDCM mission
will not simply be accomplished by transferring some
computer code and a couple of technicians to LDCM. We
have learned substantially from the decade of effort to
develop and validate the Landsat-7 LTAP. Those lessons
learned need to be captured and used in the development
of an LDCM LTAP that enhances the LTAP performance expe-
rienced for Landsat-7.
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