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Executive Summary 

This document describes the relevant characteristics of the Land Change Monitoring, 
Assessment, and Projection (LCMAP) Collection 1.1 Science Products to facilitate their 
use in the land remote sensing community.  
 
LCMAP is a U.S. Geological Survey (USGS) science initiative implemented at the Earth 
Resources Observation and Science (EROS) Center that harnesses the remotely 
sensed Landsat data record to provide state-of-the-art land surface change information 
needed by scientists, resource managers, and decision-makers. LCMAP uses 
a modernized, integrated approach to map, monitor, synthesize, and understand the 
complexities of land use, cover, and condition change.  
 
Basic foundational elements of the LCMAP project include: 
 

• Landsat U.S. Analysis Ready Data (ARD) 
• Land surface change and land cover data 
• Independent reference data for validation and area estimation 
• Scenario-driven projections of future land use and land cover extents and 

patterns 
• Assessments focused on land change processes, characteristics, and 

consequences 
 
This document is under LCMAP Configuration Control Board (CCB) control. Please 
submit changes to this document, as well as supportive material justifying the proposed 
changes, via Change Request (CR) to the Process and Change Management Tool.  
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Section 1 Introduction 

1.1 Background 
The need for improved understanding and management of land surface change 
requires increased understanding of the basic drivers of change, identification of 
potential consequences of change on human and natural systems, and greater insight 
into the impacts and feedbacks of climate change. The geospatial community requires a 
new generation of monitoring data and information to meet this need for a wide range of 
applications. Land cover and land change products need to span larger geographic 
extents, over longer time periods, at higher spatial resolutions, and provide more 
systematic and consistent information on change than ever before. To help meet these 
growing demands, the United States Geological Survey (USGS) has developed the 
Land Change Monitoring, Assessment, and Projection (LCMAP) initiative. 
 
LCMAP is a modern, integrated approach to mapping, monitoring, synthesizing, and 
understanding the complexities of land use, land cover, and conditional change, which 
leverages the Landsat data record to provide for the needs of scientists, resource 
managers, and decision-makers. 

1.2 Purpose and Scope 
This science product guide contains an overview of the current LCMAP approach, 
descriptions of the science products and their characteristics, and other relevant 
information to facilitate use of LCMAP Science Products in the land change and land 
cover science community. 
 
This document includes an overview of reference material regarding the current LCMAP 
Science Products and detailed sections of product information relevant to data users. 

1.3 Document Organization 
This document contains the following sections:  
 

• Section 1 introduces LCMAP and provides an overview of the methods applied in 
producing LCMAP Science Products 

• Section 2 provides product packaging information 
• Section 3 provides product characteristics and descriptions for each LCMAP 

Science Product 
• Section 4 describes the known caveats and limitations of LCMAP Science 

Products 
• Section 5 describes the independent reference dataset and product validation 

along with error estimates 
• Section 6 describes the availability of LCMAP Science Products via the USGS 

website 
• Section 7 provides contact information for USGS Earth Resources Observation 

and Science (EROS) User Services 
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• Appendix A provides a list of acronyms used throughout this document and their 
definitions 

• The References section contains a list of reference documents 

1.4 The LCMAP Approach 
The LCMAP approach includes a series of foundational elements: 
 

• Use of Landsat Collection 1 (C1) U.S. Analysis Ready Data (ARD) (Section 
1.4.1) 

• Development of land cover and land surface change data derived from all 
available clear Landsat U.S. ARD observations 

• An independent reference dataset for validation and area estimation 
• Scenario-driven modeling and forecasting of future land use and land cover 

extents and patterns 
• Assessments of the drivers, characteristics, and consequences of land change 

1.4.1 Landsat U.S. Analysis Ready Data (ARD) 
LCMAP Science Products are derived from Landsat Collection 1 U.S. Analysis Ready 
Data (ARD). U.S. ARD consist of the most radiometrically and geometrically accurate 
Landsat 4-5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper Plus 
(ETM+), and Landsat 8 Operational Land Imager (OLI) / Thermal Infrared Sensor 
(TIRS) data that are consistently processed to the highest scientific standards and level 
of processing required for direct use in monitoring and assessing landscape change.  
 
Landsat C1 U.S. ARD are processed to a 30-meter spatial resolution in an Albers Equal 
Area Conic (AEA) projection with the World Geodetic System 1984 (WGS84) datum. 
ARD are provided in a standardized grid of 150 x 150 km tiles referenced by a 
horizontal (H) and vertical (V) index. The ARD tile system for the conterminous U.S. 
(CONUS) with H-V indexes is illustrated in Figure 1-1. 



 - 3 - LSDS-2077 
Version 2.0 

 

Figure 1-1. Landsat Collection 1 ARD CONUS Tile Grid 

Additional information specific to Landsat U.S. ARD product characteristics can be 
found on the Landsat Missions Website, in the ARD Data Format Control Book (DFCB), 
and in Dwyer et al., (2018). 

1.4.2 Time Series Modeling and Detecting Change 
LCMAP Collection 1.1 Science Products are developed by applying time-series 
modeling to Landsat U.S. ARD to detect change. An application of the Continuous 
Change Detection and Classification (CCDC) algorithm (Zhu and Woodcock 2014) was 
developed by the LCMAP Science Team at the USGS EROS (Brown et al., 2020).  
 
CCDC makes use of all available clear Landsat U.S. ARD observations and the fitting of 
harmonic models to predict future Landsat-like surface reflectance. Where Landsat 
surface reflectance observations differ significantly from those predictions, a change is 
identified. Attributes of the resulting model sequences (e.g., start/end dates, residuals, 
model coefficients) are then used to produce a set of land surface change products and 
as inputs to the subsequent classification to thematic land cover. 
 

https://www.usgs.gov/core-science-systems/nli/landsat/us-landsat-analysis-ready-data
https://www.usgs.gov/media/files/landsat-analysis-ready-data-ard-data-format-control-book-dfcb
https://doi.org/10.3390/rs10091363
https://doi.org/10.1016/j.rse.2014.01.011
https://doi.org/10.1016/j.rse.2019.111356
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LCMAP Collection 1.1 Science Products are produced for the years 1985-2019 using 
Landsat C1 U.S. ARD inputs covering a range from January 1st, 1982, to December 
31st, 2019. 
 
For more information on CCDC and the LCMAP implementation, see the References 
section. A formal LCMAP Continuous Change Detection and Classification (CCDC) 
Algorithm Description Document (ADD) is available on the LCMAP website. 

1.4.3 Classifying Thematic Land Cover 
For classification of thematic land cover, LCMAP implements a Level 1 classification 
schema similar to an Anderson Level 1 (Anderson et al., 1976) representing dominant 
land cover classes most relevant to remotely monitoring land change. The definitions of 
these land cover classes are provided in Table 1-1. 
 

Land Cover Class Description 
Developed Areas of intensive use with much of the land covered with 

structures (e.g., high-density residential, commercial, 
industrial, mining, or transportation), or less intensive uses 
where the land cover matrix includes vegetation, bare 
ground, and structures (e.g., low-density residential, 
recreational facilities, cemeteries, transportation/utility 
corridors, etc.), including any land functionality related to 
the developed or built-up activity. 

Cropland 
  

Land in either a vegetated or unvegetated state used in 
production of food, fiber, and fuels. This includes 
cultivated and uncultivated croplands, hay lands, orchards, 
vineyards, and confined livestock operations. Forest 
plantations are considered as forests or woodlands (Tree 
Cover class) regardless of the use of the wood products. 

Grass/Shrub Land predominantly covered with shrubs and perennial or 
annual natural and domesticated grasses (e.g., pasture), 
forbs, or other forms of herbaceous vegetation. The grass 
and shrub cover must comprise at least 10% of the area 
and tree cover is less than 10% of the area. 

Tree Cover Tree-covered land where the tree cover density is greater 
than 10%. Cleared or harvested trees (i.e., clearcuts) will 
be mapped according to current cover (e.g., Barren, 
Grass/Shrub). 

Water Areas covered with water, such as streams, canals, lakes, 
reservoirs, bays, or oceans. 

Wetland Lands where water saturation is the determining factor in 
soil characteristics, vegetation types, and animal 
communities. Wetlands are composed of mosaics of 
water, bare soil, and herbaceous or wooded vegetated 
cover. 

Ice/Snow Land where accumulated snow and ice does not 
completely melt during the summer period (i.e., perennial 
ice/snow). 

Barren Land comprised of natural occurrences of soils, sand, or 
rocks where less than 10% of the area is vegetated. 

Table 1-1. LCMAP Level 1 Land Cover Classes 

https://doi.org/10.3133/pp964
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The classification of thematic land cover is accomplished through an application of a 
boosted decision tree classifier using the coefficients and Root Mean Square Error 
(RMSE) values of the time series models, a series of Digital Elevation Model (DEM) 
derived terrain variables, and a Wetland Potential Index (WPI) as inputs. Training data 
for the eight land cover classes are extracted from the land cover for the year 2001 
included with the 2011 data release of the National Land Cover Database (NLCD) 
(Homer et al., 2015). See Brown et al., (2020) for additional details on the classification 
inputs. 

1.4.4 Use of the National Land Cover Database (NLCD) 
Land cover information from the National Land Cover Database (NLCD) is used as 
training data for classification and for some post-classification gap-filling operations (see 
Section 3.2.7). Data from the 2001 land cover available in the 2011 NLCD (Homer et al., 
2015) are translated to LCMAP land cover classes (Table 1-2) for these applications.  
  

NLCD Level 2 Class LCMAP Level 1 Class 
Developed, Open Space 
Developed, Low Intensity 
Developed, Medium Intensity 
Developed, High Intensity 

Developed 

Pasture/Hay 
Cultivated Crops 

Cropland 

Dwarf Scrub 
Shrub/Scrub 
Grassland/Herbaceous 
Sedge/Herbaceous 
Lichens 
Moss 

Grass/Shrub 

Deciduous Forest 
Evergreen Forest 
Mixed Forest 

Tree Cover 

Open Water Water 
Woody Wetlands 
Emergent Herbaceous Wetlands 

Wetlands 

Perennial Ice/Snow Ice/Snow 
Barren Land Barren 

Table 1-2. NLCD to LCMAP Land Cover Translations 

 

https://doi.org/10.1016/j.rse.2019.111356
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Section 2 Product Packaging 

LCMAP Science Products are produced using Landsat C1 U.S. ARD Surface 
Reflectance data as inputs. As such, LCMAP Science Products are provided as 
CONUS ARD Grid of 150 x 150 km tiles in an Albers Equal Area Conic (AEA) projection 
(Figure 1-1) with a World Geodetic System 1984 (WGS84) datum. Spatial referencing of 
LCMAP data package/product filenames use the same H-V indexing system as the 
CONUS ARD Grid. As of Collection 1.1, LCMAP has changed version numbering, 
where the first digit represents major version increments and the second digit 
represents minor version increments. 

2.1 Package Filename 
LCMAP Collection 1.1 Science Products are provided in .tar archive files containing 10 
individual raster files for each year (1985-2019). Archive files are referenced using the 
same H-V indexing system as the CONUS ARD Grid (Figure 1-1). Products are 
packaged and delivered in a single .tar file. The .tar packages “untar” (unzip) into 10 
individual Georeferenced Tagged Image File Format (GeoTIFF) (.tif) raster files for each 
Product Year and an Extensible Markup Language (XML) (.xml) metadata file. 
 

LCMAP_US_HHHVVV_YYYY_yyyymmdd_VER_CCDC.tar 
Term Definition 
LCMAP Land Change Monitoring, Assessment, and Projection 

US Regional grid of the U.S. (“CU” = CONUS) 

HHH Horizontal tile number 

VVV Vertical tile number 

YYYY Representative year 

yyyymmdd Production year (yyyy) month (mm) day (dd) 

VER Continuous Change Detection and Classification (CCDC) Version number (“V11,” “V12”) 

CCDC Continuous Change Detection and Classification 

Example: LCMAP_CU_003010_20181222_V11_CCDC 

Table 2-1. LCMAP Science Product Package Naming 

2.2 Product Filenames 
Section 3 describes the individual products in more detail. The following is an example 
of an LCMAP Collection 1.1 Science Product filename:  
 

LCMAP_US_HHHVVV_YYYY_yyyymmdd_VER_PRODUCT 
Term Definition 
LCMAP Land Change Monitoring, Assessment, and Projection 

US Regional grid of the U.S. (“CU” = CONUS) 

HHH Horizontal tile number 
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LCMAP_US_HHHVVV_YYYY_yyyymmdd_VER_PRODUCT 
Term Definition 
VVV Vertical tile number 
YYYY Representative year 

yyyymmdd Production year (yyyy) month (mm) day (dd)  

VER Continuous Change Detection and Classification (CCDC) Version number (“V01”, “V02”) 

PRODUCT 

Data product: 
"LCPRI" = Primary Land Cover 
"LCSEC" = Secondary Land Cover 
"LCPCONF" = Primary Land Cover Confidence 
"LCSCONF" = Secondary Land Cover Confidence 
"LCACHG" = Annual Land Cover Change 
"SCTIME" = Time of Spectral Change 
"SCMAG" = Change Magnitude 
"SCLAST" = Time Since Last Change 
"SCSTAB" = Spectral Stability Period 
"SCMQA" = Spectral Model Quality 

Example: LCMAP_CU_003010_2011_20181222_V11_SCLAST 

Table 2-2. LCMAP Collection 1.1 Science Product File Naming 
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Section 3 Product Characteristics 

3.1 LCMAP Collection 1.1 Science Products 
LCMAP provides 10 science products based on the USGS implementation of CCDC. 
The science products provide annual products for the years 1985-2019 for each 
CONUS ARD tile. Land surface change products, denoted by the “SC” prefix in the 
short name, are produced directly from CCDC time series models. Land cover products, 
denoted by the “LC” prefix in the short name, are produced by the classification of the 
time series models.   
 

Product Name Short 
Name 

Product Description 

Time of Spectral 
Change 

SCTIME Indicator of a spectral change in the current year and the 
specific timing (day-of-year - DOY) within the year. 

Change Magnitude SCMAG Indicator of a spectral change in the current year and degree 
of change. 

Spectral Stability 
Period 

SCSTAB Time, in days, that the spectral time series has been in its 
current state. 

Time Since Last 
Change 

SCLAST Time, in days, since the last identified Spectral Change 
(SCTIME). 

Spectral Model Quality SCMQA Information regarding the type of time series model applied on 
July 1st of the current year. 

Primary Land Cover LCPRI The most likely Level 1 land cover class on July 1st of the 
current year 

Primary Land Cover 
Confidence 

LCPCONF Measure of confidence that the Primary Land Cover label 
matches the training data. 

Secondary Land Cover LCSEC The second most likely Level 1 land cover class on July 1st of 
the current year 

Secondary Land Cover 
Confidence 

LCSCONF Measure of confidence that the Secondary Land Cover label 
matches the training data. 

Annual Land Cover 
Change 

LCACHG Synthesis of Primary Land Cover of current and previous year 
identifying changes in land cover class. 

Table 3-1. LCMAP Collection 1.1 Science Products 

3.2 Product Specifications  
The overall specifications for the LCMAP Collection 1.1 Science Products are provided 
in Table 3-2. 
 

Short Name Data Type Units Range Valid Range Fill Value 
SCTIME UINT16 DOY 0-65535 0-366 0 

SCMAG FLOAT32 Unitless -3.4e+38 - +3.4e+38 0 to +3.4e+38 0 

SCSTAB UINT16 Days 0-65535 0-65535 0 

SCLAST UINT16 Days 0-65535 0-65535 0 

SCMQA UINT8 Discrete 0-255 0-
4,6,8,14,24,44,54 

0 

LCPRI UINT8 Discrete 0-255 0-8 0 
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Short Name Data Type Units Range Valid Range Fill Value 
LCPCONF UINT8 (see Section 3.2.7) 0-255 0-255 0 

LCSEC UINT8 Discrete 0-255 0-8 0 

LCSCONF UINT8 (see Section 3.2.9) 0-255 0-255 0 

LCACHG UINT8 Discrete 0-255 0-87 0 

Table 3-2. Overall LCMAP Collection 1.1 Science Product Specifications 

3.2.1 Time of Spectral Change (SCTIME) 
Time of Spectral Change (SCTIME) represents the timing of a spectral change within 
the current product year as day-of-year (DOY). A spectral change is defined as a 
“break” in a CCDC time series model where spectral observations have diverged from 
the model predictions. These breaks may be indicative of a change in thematic land 
cover or may represent more subtle conditional surface changes. A value of zero 
indicates there was no recorded model break in the current year. SCTIME and Change 
Magnitude (SCMAG) are both characteristics of the same model breaks and will always 
be coincident in space and time. 

3.2.2 Change Magnitude (SCMAG) 
Change Magnitude (SCMAG) provides information on the spectral strength or intensity 
of a time series model break where spectral observations have diverged from CCDC 
model predictions. SCMAG is calculated as the magnitude of the per-band median 
residuals identified by CCDC. A value of zero indicates there was no recorded model 
break in the current year. SCMAG and Time of Spectral Change (SCTIME) are both 
characteristics of the same model breaks and will always be coincident in space and 
time.  
 
SCMAG is calculated as the square root of the sum of the squared residuals between the 
observed per-band Landsat surface reflectance (scaled) and CCDC predictions at the 
time of a detected CCDC model break. SCMAG is unitless and generally ranges between 
1-10,000 (significantly higher values are possible). 

3.2.3 Spectral Stability Period (SCSTAB)  
Spectral Stability Period (SCSTAB) represents the length, in days, of the time series 
model in effect as of July 1st of the current year. If a time series model exists on July 1st 

of the current year, SCSTAB provides the number of days from July 1st back to the start 
of the current model. If no stable model exists on July 1st, SCSTAB provides the number 
of days that condition has persisted. The Spectral Model Quality (SCMQA) product can 
be used to determine the current model status (Section 3.2.5). 

3.2.4 Time Since Last Change (SCLAST) 
Time Since Last Change (SCLAST) represents the time, in days, from July 1st of the 
current product year back to the most recent time series model “break” where spectral 
observations diverged from CCDC model predictions. This can also be expressed as 
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the time, in days, since the last recorded result in both Time of Spectral Change 
(SCTIME) and Change Magnitude (SCMAG). 

3.2.5 Spectral Model Quality (SCMQA) 
Spectral Model Quality (SCMQA) provides additional information regarding the type of 
time series model available in the current product year. SCMQA reflects the type of time 
series model present on July 1st of the current year and can be useful for interpreting 
results in other LCMAP Collection 1.1 Science Products. SCMQA pixel values and 
descriptions are provided in Table 3-3. 
 

Pixel Value Model Type Description 

0 No Model No model established for July 1st of current year. 

4 Simple Model A partial, 4-coefficient harmonic model. 

6 Advanced Model A partial, 6-coefficient harmonic model. 

8 Full Model A full, 8-coefficient harmonic model. 

14 Start Fit 
A simple model at the beginning of a time series where 
sparse and/or highly variable spectral measurements 
prevent establishment of a harmonic model. 

24 End Fit 
A simple model at the end of a time series where there 
are insufficient observations and/or time to establish a 
new harmonic model following a model break. 

44 Insufficient Clear 

A simple model for the entire time series in cases where 
fewer than 25 percent of input observations are labeled 
as “Clear” or “Water” by the Landsat ARD per-pixel 
quality band (PIXELQA). 

54 Persistent Snow 

A simple model for the entire time series in cases where 
75 percent or more of input observations are labeled as 
“Snow” by the Landsat ARD per-pixel quality band 
(PIXELQA). 

Table 3-3. Description of Pixel Values for Spectral Model Quality 

3.2.6 Primary Land Cover (LCPRI) 
Primary Land Cover (LCPRI) is the most likely thematic, classified land cover for the 
current product year – assessed on July 1st of each year as a representative date. Land 
cover results are produced through the classification of time-series models, assigning 
the probability of matching training data to each of the eight Level 1 land cover classes 
described in Table 1-1. The land cover class with the highest probability is assigned to 
Primary Land Cover and that associated probability value represented in Primary Land 
Cover Confidence (LCPCONF, see Section 3.2.7). The Primary Land Cover pixel values 
representing the eight land cover classes are provided in Table 3-4. 
 
Some pixel locations present conditions where the land cover label for July 1st is not 
produced by the initial CCDC classifier as described above. In such cases LCPRI is 
assigned by processes documented in the LCPCONF and described in Section 3.2.7. 
 



 - 11 - LSDS-2077 
Version 2.0 

Pixel Value Land Cover Class 
1 Developed 
2 Cropland 
3 Grass/Shrub 
4 Tree Cover 
5 Water 
6 Wetland 
7 Ice/Snow 
8 Barren 

Table 3-4. Land Cover Class Assignments for Primary Land Cover 

3.2.7 Primary Land Cover Confidence (LCPCONF) 
LCPCONF provides a measure of confidence in the LCPRI label or additional 
information regarding the provenance of the result if that label was not produced by the 
initial classification method. A summary of those values is provided in Table 3-5. 
 
Values from 1-100 indicate pixels assigned land cover labels by the initial CCDC 
classifier. The probability that the labeled pixel matches the land cover class of the 
training data is reflected by the range of values from 1 (low probability) to 100 (high 
probability). As the LCPRI is determined by the highest probability value, it is unlikely 
that the LCPCONF would have extremely low values. 
 
Abrupt changes in land cover are associated with breaks in the time series models and 
generally have stable models before and after representing single thematic land cover 
types. However, this approach can be problematic with some gradual land cover 
transitions such as the Grass/Shrub to Tree Cover transition associated with early seral 
forests or post-disturbance recovery from harvest or fire, as well as slowly degrading 
forests due to insect infestation or other causes and so a secondary analysis is used to 
provide more details for these types of transitions.  
 
These gradual transitions are identified by examining the thematic land cover annual 
predictions for individual time series models in their first and last year along with a 
normalized ratio of predicted reflectance values at those points. A time series model 
with predicted classification of Grass/Shrub in the first year and Tree Cover in the last 
year is identified as an increasing vegetation segment if the normalized ratio of Near-
infrared (NIR) and Shortwave Infrared-1 (SWIR-1) bands is greater than 0.05. Under 
these conditions, all years of the model prior to the first prediction of Tree Cover are 
assigned Grass/Shrub and all subsequent years are assigned Tree Cover. Conversely, 
time series models which start with Tree Cover, end with Grass/Shrub, and present a 
normalized ratio below 0.05 are identified as decreasing vegetation with all years prior 
to the first predicted Grass/Shrub assigned Tree Cover, and Grass/Shrub for everything 
after. Additional details on this process are available in the ADD available on the 
LCMAP website. Assignment of LCPRI land cover labels via this secondary analysis is 
indicated in LCPCONF with the pixel values of 151 and 152. 
 
Pixel values greater than 200 indicate that the result in LCPRI was not produced by the 
initial classifier or the secondary analysis. Neither of these methods produce a land 
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cover class label if no time series model crosses July 1st of the current year. This 
condition can be identified using the Spectral Model Quality (SCMQA) product (where 
SCMQA is zero). In the absence of a model, Primary Land Cover is assigned using a 
rule-based decision process to identify an appropriate land cover class assignment. The 
rule applied is reflected in the LCPCONF pixel value (Table 3-5). 
 

Pixel 
Value 

LC Label 
Source 

Description 

1-100 Initial 
classifier 

Measure of confidence that the Primary Land Cover label matches the training 
data. 

151 Secondary 
analysis 

Time series model identified as transition from a Grass/Shrub class to a Tree 
Cover class. Primary Land Cover class assignment based on secondary 
analysis. 

152 Secondary 
analysis 

Time series model identified as transition from a Tree Cover class to a 
Grass/Shrub class. Primary Land Cover class assignment based on 
secondary analysis. 

201 Rule-based No stable time series models were produced for this location. Primary Land 
Cover assigned the land cover class present in NLCD-2001 (translated to 
LCMAP classification schema, see Table 1-2). 

202 Rule-based Insufficient data available to extend most recent time series model past July 
1st of current year. Primary land Cover assigned the last identified primary 
cover class from earlier year. 

211 Rule-based July 1st falls in a gap between two stable time series models of the same land 
cover class. Primary Land Cover assigned the primary land cover class of 
those before/after models. 

212 Rule-based July 1st falls in a gap between two stable time series models of differing land 
cover classes. If July 1st is before the “break date” of the earlier model, 
primary land cover is assigned the primary land cover class of that earlier 
model. Otherwise, primary land cover is assigned the primary land cover class 
of the subsequent model. 

213 Rule-based Insufficient data available to establish a stable time series model at the 
beginning of the time series prior to July 1st of the current year. Primary Land 
Cover assigned the primary land cover class of 1st subsequent model. 

214 Rule-based Insufficient data available to establish a new stable time series model 
following a break near the end of the time series prior to July 1st of the current 
year. Primary Land Cover assigned the last identified primary cover class from 
earlier year. 

Table 3-5. Description of Pixel Values for Primary Land Cover Confidence 

3.2.8 Secondary Land Cover (LCSEC) 
Secondary Land Cover (LCSEC) is the second most likely thematic, classified Level 1 
land cover for the current product year – assessed on July 1st of each year as a 
representative date. As the LCPRI represents the land cover class assigned the highest 
probability by the initial CCDC classifier, LCSEC represents the land cover class 
assigned the second highest probability. Pixel values correspond to land cover classes 
according to Table 3-4. 
 
LCSEC does not always provide useful information for every pixel. See Section 4.2.8 for 
more information regarding limitations of this product. 
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3.2.9 Secondary Land Cover Confidence (LCSCONF) 
Secondary Land Cover Confidence (LCSCONF) provides probability information for 
LCSEC the same way that LCPCONF provides information for LCPRI. The values of 0-
100 provide a measure of confidence that the LCSEC matches the training data. Values 
greater than 100 indicate that the result in LCSEC was not derived directly from the 
classifier but from either secondary analysis or a similar rule-based decision process 
used in LCPCONF. The LCSCONF rules are listed in Table 3-6. 
 

Pixel 
Value 

LC Label 
Source 

Description 

1-100 Initial 
classifier 

Measure of confidence that the Secondary Land Cover label matches the 
training data. 

151 Secondary 
analysis 

Time series model identified as transition from a Grass/Shrub class to a Tree 
Cover class in Primary Land Cover. Primary Land Cover class assignment 
based on secondary analysis and Secondary Land Cover class assigned 
logical opposite of Primary. 

152 Secondary 
analysis 

Time series model identified as transition from a Tree Cover class to a 
Grass/Shrub class in Primary Land Cover. Primary Land Cover class 
assignment based on secondary analysis and Secondary Land Cover class 
assigned logical opposite of Primary. 

201 Rule-based No stable time series models were produced for this location. Secondary Land 
Cover assigned the land cover class present in NLCD-2001 (translated to 
LCMAP classification schema, see Table 1-2). 

202 Rule-based Insufficient data available to extend most recent time series model past July 1st 
of current year. Secondary Land Cover assigned the last identified secondary 
cover class from earlier year. 

211 Rule-based July 1st falls in a gap between two stable time series models of the same 
secondary land cover class. Secondary Land Cover assigned the land cover 
class of those before/after models. 

212 Rule-based July 1st falls in a gap between two stable time series models of differing 
secondary land cover classes. If July 1st is before the “break date” of the earlier 
model, Secondary Land Cover is assigned the secondary land cover class of 
the earlier model. Otherwise, Secondary Land Cover is assigned the 
secondary land cover class of the subsequent model. 

213 Rule-based Insufficient data available to establish a stable time series model at the 
beginning of the time series prior to July 1st of the current year. Secondary 
Land Cover assigned the secondary land cover class of 1st subsequent model. 

214 Rule-based Insufficient data available to establish a new stable time series model following 
a break near the end of the time series prior to July 1st of the current year. 
Secondary Land Cover assigned the last identified secondary cover class from 
earlier year. 

Table 3-6. Description of Pixel Values for Secondary Land Cover Confidence 

3.2.10   Annual Land Cover Change (LCACHG) 
Annual Land Cover Change (LCACHG) is a synthesis product derived from the LCPRI 
of the current product year and the LCPRI of the previous year. Displayed in Table 3-7, 
pixel values 1-8 correspond to the integer values representing land cover classes 
presented in Table 3-4 and are assigned to pixels where no change was identified 
between the two years. When change between years was identified, the resulting two-
digit pixel value is a concatenation of the previous and current land cover class (listed in 
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Table 3-4). For example, a pixel value of 21 is a concatenation of a two (2), 
representing the Cropland class, and a one (1), representing the Developed class. 
Therefore, the resulting 2-1 represents a change from Cropland to Developed. Table 
3-7 provides a partial list of these concatenated change codes as examples along with 
the land cover changes that they represent. 
 

Pixel Value Previous Land Cover Class Current Land Cover Class Land Cover Change 
1-8 (as Table 3-4) (as Table 3-4) No change 
21 Cropland Developed Cropland to Developed 
32 Grass/Shrub Cropland Grass/Shrub to 

Cropland 
42 Tree Cover Cropland Tree Cover to Cropland 
43 Tree Cover Grass/Shrub Tree Cover to 

Grass/Shrub 
65 Wetlands Water Wetlands to Water 
73 Snow/Ice Grass/Shrub Snow/Ice to 

Grass/Shrub 
81 Barren Developed Barren to Developed 

Note: Pixel Value examples in table are not all-inclusive.  

Table 3-7. Example Pixel Values for Annual Land Cover Change 
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Section 4 Caveats and Limitations 

The LCMAP Collection 1.1 Science Products contain known caveats and limitations. 
Overall considerations regarding the full dataset or the LCMAP approach are described 
in Section 4.1 and those related to specific science products are provided in Section 
4.2. 

4.1 Overall Considerations 

4.1.1 Usage with Other LCMAP CCDC Collection 1.x Datasets 
Consistency across the LCMAP CCDC Collection 1.x Science Product series is 
nuanced, and use of multiple collections in the same analysis is discouraged. The 
addition of new Landsat observations in later data releases can result in changes to the 
CCDC harmonic model fits for those models that were unbroken in previous releases. 
These changing harmonics can then affect the land cover probabilities assigned by the 
classifier.  
 
Four Landsat C1 U.S. ARD tiles (H008V006, H009V006, H013V010, and H020V004) 
were unintentionally re-downloaded between the processing of LCMAP CCDC 
Collection 1.0 Science Products and Collection 1.1, which incorporated modifications to 
the input Landsat data for these tiles. The result is shifting data footprints within specific 
ARD tiles and changes in the recorded surface reflectance. These changes in LCMAP 
input data can impact CCDC model fitting and the resulting Science Products.  

4.1.2 Detecting Successive Change Limitation of CCDC 
When more than one spectral change occurs in the span of a year, only the first change 
is detected/recorded and the successive changes are not detected/recorded. 
 
Time series models are fit to observations with the initial requirement of being one year 
in length. Final models may represent longer periods of time, but one year is the 
minimum. As a result, land surface changes that would normally cause model breaks 
that are less than a year apart would not all be recorded in the Time of Spectral Change 
(SCTIME) and Change Magnitude (SCMAG). For example, a forest stand may be 
represented by a stable time series model for several years until a management 
operation such as thinning causes a model break. That break is recorded in SCTIME 
and SCMAG. CCDC then attempts to fit a new model with subsequent observations. 
The same area impacted by wildfire within that first year would not cause an additional 
model break because a new stable model, of a minimum one year in length, had not 
been established. 

4.1.3 Input Data Availability 
CCDC is dependent on the availability of adequate Landsat data to fit valid time series 
models. Locations that are persistently cloudy or snow covered will often require 
alternate procedures to establish a simpler time-series model (see Table 3-2). There are 
relatively rare sets of conditions that can cause commission errors in the cloud detection 
algorithm (Fmask) used to produce the PIXELQA data available in Landsat C1 U.S. 
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ARD (Foga et al., 2017). As CCDC uses PIXELQA to assess cloud contamination and 
masking, some of these conditions can result in poor models and change detection or 
possibly a lack of model altogether. This issue may be addressed in future science 
product versions. 

4.1.4 Landsat 7 ETM+ SLC-off artifacts 
Some LCMAP Science Products may exhibit patterns corresponding with Landsat 7 
ETM+ Scan Line Corrector-off (SLC) data gaps under certain conditions. The sensitivity 
of CCDC to detecting spectral change is impacted by the frequency of input 
observations. Sensitivity to small, ephemeral changes increases with observation 
frequency. That observation frequency is affected by data gaps in Landsat 7 ETM+ 
caused by the SLC-off condition existing from 2003 onward. 

4.1.5 Representation of Change Timing 
Users should be aware of differences in the representation of time or timing between 
various products. Time of Spectral Change (SCTIME) and Change Magnitude (SCMAG) 
both correspond to specific points in time where observations diverged from values 
predicted by the time series models – model breaks. SCTIME reports the specific DOY 
of breaks observed in a given year while SCMAG is an indicator of the degree of 
change. Both are attributes of model breaks and are coincident in space and time. All 
other products represent conditions on July 1st, as a representative date, for the given 
year. As a result, there can be occurrences where SCTIME and SCMAG reflect a model 
break after July 1st of a given year that is expected to impact other products (e.g., a 
change in Primary Land Cover), but that would not be recorded until July 1st of the 
following product year. 

4.1.6 Provisional Status of 2019 
As the final year of products in the LCMAP Collection 1.1 Science Products dataset 
release, 2019 is to be considered provisional. The time series approach can result in a 
high incidence of either low quality models or model absence due to a shortage of 
Landsat observations toward the end of the modeling period. These conditions can be 
identified in the Spectral Model Quality (SCMQA). Forward processing of CCDC with 
the addition of Landsat observations to create science products for additional years will 
also provide updated and improved products for the previous provisional year. 

4.2 Individual Product Considerations 

4.2.1 Time of Spectral Change (SCTIME) 
A pixel value of “0” is used as both a valid value representing the absence of a spectral 
change detection and a fill value for pixels outside the CONUS product area. This issue 
may be addressed in future science product versions. 

4.2.2 Change Magnitude (SCMAG) 
A pixel value of “0” is used as both a valid value representing the absence of a spectral 
change detection and a fill value for pixels outside the CONUS product area. This issue 
may be addressed in future science product versions. 

https://doi.org/10.1016/j.rse.2017.03.026
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4.2.3 Spectral Stability Period (SCSTAB) 
No known caveats at this time. 

4.2.4 Time Since Last Change (SCLAST) 
A pixel value of “0” is used as both a valid value representing the absence of any 
spectral change detections since the beginning of the time series and a fill value for 
pixels outside the CONUS product area. This issue may be addressed in future science 
product versions. 

4.2.5 Spectral Model Quality (SCMQA) 
A pixel value of “0” is used as both a valid value representing a time series model type 
(Table 3-3) and a fill value for pixels outside the CONUS product area. This issue may 
be addressed in future science product versions. 

4.2.6 Primary Land Cover (LCPRI) 
No known caveats at this time. 

4.2.7 Primary Land Cover Confidence (LCPCONF) 
Land cover classification conditions that are extremely difficult for the classifier, such as 
pixels equally mixed with Tree Cover and Water, may sometimes produce identical 
values in the 1-100 range for LCPCONF and LCSCONF. The LCPCONF will always be 
a higher value, but when the two values are extremely close to each other the process 
of rounding to integer for GeoTIFF production may result in the same value. Users can 
consider the LCPCONF value to be the higher, but no more than a difference of one (1). 
This issue may be addressed in future science product versions. 

4.2.8 Secondary Land Cover (LCSEC) 
LCSEC does not always contain useful information for every pixel. Where LCPCONF is 
high and LCSCONF is low, there is a low probability that this LCSEC label is a 
classification match. LCSEC contains useful information when the two confidence 
product values are close to each other for a given pixel. This may indicate a pixel mixed 
with two land cover class types, a classification error between two similar classes, or 
conditions that fall within two different definitions. An example of the last case might be 
an area of full-canopy wooded wetlands that is assigned Tree Cover in the Primary 
Land Cover and Wetland in Secondary Land Cover. 
 
The above caveats do not apply where LCPCONF is greater than 100. 

4.2.9 Secondary Land Cover Confidence (LCSCONF) 
See notes for Primary Land Cover Confidence (LCPCONF, Section 4.2.7) 

4.2.10   Annual Land Cover Change (LCACHG) 
No known caveats at this time.  
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Section 5 Accuracy Assessment 

5.1 Independent Reference Dataset 
Through a joint effort by the USGS and the U.S. Forest Service (USFS), an independent 
reference dataset has been created to be used for LCMAP Collection 1.1 Science 
Products validation. A base sample set across CONUS containing 25,000 randomly 
sampled points have been evaluated over the LCMAP time series for a series of 
attributes related to land cover and land change. The LCMAP Reference Data Product 
1984-2018 is available online (Pengra et al., 2020b). More information about this 
dataset and its development can be found in Pengra et al., 2020. 

5.2 LCMAP Science Product Accuracy Assessment 
An accuracy assessment of the LCMAP Collection 1.1 Science Products through 2018 
has been completed and is available online (Pengra et al., 2021).  
 
 
  

https://doi.org/10.5066/P9ZWOXJ7
https://doi.org/10.1016/j.rse.2019.111261
https://doi.org/10.5066/P9ZWOXJ7
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Section 6 Product Access 

The LCMAP Collection 1.1 Science Products are available to download at no cost 
through the USGS. 

6.1 EarthExplorer (EE) 
The officially released LCMAP Collection 1.1 Science Products are available via 
EarthExplorer. 

6.2 Other Data Access portals 
LMCAP Collection 1.1 Science Products may also be available through other data 
portals. Please refer to https://www.usgs.gov/core-science-systems/eros/lcmap/lcmap-
data-access for the complete list of access sites. 
  
  

https://www.usgs.gov/core-science-systems/eros/lcmap/lcmap-data-access
https://www.usgs.gov/core-science-systems/eros/lcmap/lcmap-data-access
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Section 7 User Services 

LCMAP Collection 1.1 Science Products and associated interfaces are supported by 
USGS User Services staff at the USGS Earth Resources Observation and Science 
(EROS) Center. Questions or comments regarding LCMAP Science Products or 
interfaces are welcome. Email can be sent to USGS User Services with the topic 
indicated in the subject line. 
 
USGS User Services 
605-594-6151 
1-800-252-4547 
custserv@usgs.gov  
 
User support is available Monday through Friday from 8:00 a.m. – 4:00 p.m. Central 
Time. Inquiries received outside of those hours are addressed the next business day. 
 
 

mailto:custserv@usgs.gov
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Appendix A Acronyms 

ADD Algorithm Description Document 
AEA Albers Equal Area 
ARD Analysis Ready Data 
C1 Collection 1 
CCB Configuration Control Board 
CCDC Continuous Change Detection and Classification 
CONUS Conterminous United States 
CR Change Request 
DEM Digital Elevation Model 
DFCB Data Format Control Book 
DOI Department of the Interior 
DOY Day of Year 
EE EarthExplorer 
EROS Earth Resources Observation and Science 
ETM+ Enhanced Thematic Mapper Plus   
Fmask Function of Mask 
GeoTIFF Georeferenced Tagged Image File Format  
km Kilometer 
LCACHG Annual Land Cover Change 
LCMAP Land Change Monitoring, Assessment, and Projection 
LCPCONF Primary Land Cover Confidence 
LCPRI Primary Land Cover 
LCSCONF Secondary Land Cover Confidence 
LCSEC Secondary Land Cover 
LSDS Land Satellites Data System 
m Meter 
NIR Near-infrared 
NLCD National Land Cover Database 
OLI Operational Land Imager 
PIXELQA Pixel Quality Assessment Band 
RMSE Root Mean Square Error 
SCLAST Time Since Last Change 
SCMAG Change Magnitude 
SCMQA Spectral Model Quality 
SCSTAB Spectral Stability Period 
SCTIME Time of Spectral Change 
SLC Scan Line Corrector 
SWIR Shortwave Infrared 
.tar Tape Archive – file extension 
.tif Georeferenced Tagged Image File Format – file extension 
TIFF Tagged Image File Format 
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TIRS Thermal Infrared Sensor 
TM Thematic Mapper 
UINT Unsigned Integer 
USFS U.S. Forest Service 
USGS U.S. Geological Survey 
WGS84 World Geodetic System 1984 
WPI Wetland Potential Index 
.xml Extensible Markup Language – file extension 
XML Extensible Markup Language 
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