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Abstract: The Multi-Resolution Land Characteristics (MRLC) Consortium demonstrates 28 

the national benefits of U.S. Federal collaboration.  Starting in the mid-1990s as a small 

group with the straightforward goal of compiling a comprehensive national Landsat dataset 30 

that could be used to meet agencies’ needs, MRLC has grown into a group of 10 U.S. 

Federal Agencies that coordinate the production of five different products, including the 32 

National Land Cover Database (NLCD), the Coastal Change Analysis Program (C-CAP), 

the Cropland Data Layer (CDL), the GAP Analysis Program (GAP), and the Landscape 34 

Fire and Resource Management Planning Tools (LANDFIRE).  As a set, the products 

include almost every aspect of land cover from impervious surface to detailed crop and 36 

vegetation types to fire fuel classes.  Some products can be used for land cover change 

assessments because they cover multiple time periods.  The MRLC Consortium has 38 
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become a collaborative forum, where members share research, methodological approaches, 

and data to produce products using established protocols, and we believe it is a model for 40 

the production of integrated land cover products at national to continental scales.  We 

provide a brief overview of each of the main products produced by MRLC and examples of 42 

how each product has been used.  We follow that with a discussion of the impact of the 

MRLC program and a brief overview of future plans. 44 

Keywords: C-CAP; change detection; Cropland Data Layer (CDL); GAP; LANDFIRE; 

NLCD  46 

 

1. Introduction 48 

The Multi-Resolution Land Characteristics (MRLC) Consortium is a bottom-up e-government 

initiative to provide digital land cover and ancillary data for the nation.  In part, the consortium 50 

organized in response to the 1984 Land Remote Sensing Commercialization Act 

(http://landsat.gsfc.nasa.gov/about/landsat5.html).  Commercialization of Landsat led to rapid cost 52 

increases and restrictions on the distribution of the data [1].  By the late 1980s, the cost of a single 

Landsat scene had increased ~400% to $4,000.00 (USD), which was beyond the means of many in the 54 

academic and federal research community.  At $4,000.00 per scene, the cost to acquire just one scene 

for each of the ~430 path/rows that cover the continental United State was $1.72 million (USD).   56 

MRLC formed in the mid-1990s to overcome the cost increases by pooling agency resources to 

purchase a national dataset of Landsat imagery that could be used by each agency to meet 58 

programmatic and research needs.  The founding members of MRLC were the U.S. Geological Survey 

(USGS), the National Oceanic and Atmospheric Administration (NOAA), and the U.S. Environmental 60 

Protection Agency (EPA). 

By the late 1990s, the MRLC Consortium had compiled a national dataset of Landsat imagery that 62 

was processed to standards agreed upon by its members.  Redistribution rules were negotiated 

successfully with the Landsat commercial vendor that allowed member agencies to share the data at no 64 

additional cost.  Following the acquisition of a national Landsat dataset, the USGS and EPA entered 

into a bilateral agreement to develop a national land cover dataset [2].  The outcome of this effort was 66 

the 1992 National Land Cover Dataset (NLCD 1992) [3].  Based on the number of citations, 

completion of NLCD 1992 filled a long-standing need for land cover data across the conterminous 68 

U.S. - the publication [3] has been cited 566 times according to our latest SciVerse Scopus search. 

In the early 2000s, the MRLC Consortium built upon its success with NLCD 1992 [3] by 70 

strengthening integration and cooperation among its members and making large investments in a 

USGS led science team to advance key technological aspects of land cover production, including data 72 

preprocessing [4-5], classification approaches [6-7], and advancing an integrated database paradigm 

[8].  NLCD 2001 was re-envisioned as a database that included the continuous field products 74 

percentage urban impervious cover and forest canopy density in addition to categorical land cover [9].  

Growing demand for land cover information coupled with these new technological developments 76 

created an opportunity for agencies to participate in the consortium and enjoy the benefits of NLCD 
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advancements for their own specific product needs.  For example, NOAA’s initial motivation for 78 

participation in MRLC was to support their initiative to produce digital land cover change data for 

coastal regions of the U.S., the Coastal Change Analysis Program (C-CAP) [10].  The new NLCD 80 

database paradigm provided a synergistic and cost efficient approach to further the development of 

coastal land cover and precipitated a direct agreement between USGS and NOAA to cooperate on the 82 

development of land cover.  As a result of this agreement, NOAA took on production of NLCD in the 

coastal regions as part of the production of C-CAP data.  The agreement allowed NOAA to integrate 84 

USGS methods into the production of C-CAP and reduced USGS costs for production of NLCD by 

25%. The Gap Analysis Program (GAP) and the Landscape Fire and Resource Management Planning 86 

Tools (LANDFIRE) project also instituted a collaborative approach by underwriting some of the costs 

of NLCD production and use of NLCD in development of GAP and LANDFIRE products.  In 88 

addition, LANDFIRE partnered with NLCD to help build the MRLC Landsat image archive and use 

NLCD land cover to more efficiently map some LANDFIRE data layers.  The outcome of this 90 

integration was that MRLC became an organizing framework for the development of several national 

products that cost-effectively used the same Landsat database and classification technology. 92 

Participation in the MRLC consortium has now grown to 10 federal agencies and five products that 

cover most aspects of land cover (Table 1).  The products are produced collaboratively through 94 

participation in MRLC.  The five products include NLCD, C-CAP, GAP, LANDFIRE, and the 

Cropland Data Layer (CDL) (Figure 1).  MRLC Consortium products include land cover, land cover 96 

change, impervious cover, impervious cover change, detailed cropland cover, detailed vegetation land 

cover, forest canopy density, and numerous data layers related to fire.  Most products are based on 98 

Landsat and thus have spatial resolutions of 30 meters (m); however, C-CAP produces high resolution 

(e.g., 1m – 5m) products for some locations.  The MRLC Landsat imagery archive has grown to more 100 

than 28,000 scenes, and most if not all Landsat-based, national-scale land cover data have been 

developed through participation in MRLC.   102 

Although the high cost of Landsat data, a reality that contributed to the formation of MRLC, is no 

longer relevant, pooling of resources to produce land cover products that meet all agencies' needs is 104 

still a cost-efficient production model.  Within the MRLC cost-efficient production model, each 

member contributes financial resources and time and material to help ensure the development and 106 

completion of MRLC products.  For example, EPA contributes ~25% of the funding required to 

produce NLCD.  Through their participation in NLCD, EPA has nationwide land cover data to support 108 

mission-related activities in air and water quality protection at one-quarter of the cost that would be 

required if EPA were to undertake land cover data production independently.  The collaborative 110 

growth of MRLC further benefits EPA.  Detailed cropland information from CDL can be used to map 

more precisely the relationships between pesticides and water quality and information from 112 

LANDFIRE can be used to inform air quality models.  Similar benefits extend to all agencies that 

participate in MRLC. 114 

 

 116 
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Table 1: MRLC Consortium members (a) and products (b).  Under products (b), temporal 118 

extent refers to the nominal data of satellite acquisition, not the release date. 

(A) Members 

U.S. Department of Interior (DOI), Geological Survey (USGS)

Department of Commerce (DOC), National Oceanic & Atmospheric Administration (NOAA) 

U.S. Environmental Protection Agency (EPA)

U.S. Department of Agriculture (USDA), Forest Service (USFS)

DOI, Bureau of Land Management (BLM) 

DOI, National Park Service (NPS) 

DOI, Fish and Wildlife Service (USFWS) 

USDA, National Agricultural Statistics Service (NASS)

National Aeronautics and Space Administration (NASA)

Department of Defense (DOD), U.S. Army Corps. of Engineers (USCOE) 

(B) Products 

National Land Cover Database (NLCD) 
Description: 16‐class land cover (LC); impervious cover (IC) in 1% increments; forest canopy density (FC) in 1% 
increments. 
Temporal extent: LC for 1992, 2001, 2006, 2011; IC for 2001, 2006, 2011; FC for 2001 & 2011. 
Spatial extent: continental United States; LC and IC for AK in 2001 & 2011. 
Details: NLCD eras 2001, 2006, and 2011 can be used to monitor LC and IC change and trends; NLCD 2011 
includes updated versions of NLCD 2001 and 2006; there is a specialized 8‐class (“retrofit”) LC dataset for 
comparing NLCD 1992 and NLCD 2001. 

Coastal Change Analysis Program (C‐CAP)
Description: 23‐class LC focused on coastal wetlands; high resolution (e.g., 1m) LC for selected locations. 
Temporal extent: 1985, 1992, 1996, 2001, 2006, 2011 (varies by location). 
Spatial extent: coastal United States (including Great Lakes) and US islands (e.g., Hawaii, Puerto Rico, Guam) 
Details: LC change and trends for up to 6 eras; C‐CAP LC data are used to derived NLCD in coastal locations. 

Cropland Data Layer (CDL) 
Description: LC map of major (corn, wheat, sorghum, rice, cotton, soybeans) and other crop types. 
Temporal extent: 1997 – 2013. 
Spatial extent: continental US (2008 – 2013); selected areas within continental US (1997 – 2007). 
Details: extensive ground truth data (USDA, NASS June Agricultural Survey; USDA Farm Service Agency Common 
Land Unit) support high thematic accuracies for major crop types; NLCD used to map non‐agricultural areas. 

LANDFIRE 
Description: multiple datasets related to fire behavior, fire regime, and vegetation characteristics. 
Temporal extent: 2001, 2008, 2010, 2012 (early 2015). 
Spatial extent: US. 
Details: Use of field and remotely sensed data to model vegetation condition and fuel characteristics for 
conducting Wildland fire assessments. The 2008, 2010, and 2012 datasets include updated disturbance 
information. 

GAP 
Description: detailed vegetation classification (577 classes at the most detailed level). 
Temporal extent: 2001. 
Spatial extent: US 
Details: 2001 release was compiled from regional projects covering the southeast, southwest; northwest and 
California with LANDFIRE data used to complete the rest of the country; version 2 is in progress in collaboration 
with LANDFIRE; NLCD is used to map areas that are not ‘natural’ or semi‐natural vegetation. 

 120 
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Figure 1: NLCD in the vicinity of the Dallas-Ft. Worth airport (A), CDL in eastern 122 

Arkansas (B), GAP in southeast Arizona (C), high resolution C-CAP in the vicinity of Ewa 

Beach, Hawaii (D), and LANDFIRE data in the vicinity of Crater Lake Oregon (E).  Many 124 

of the GAP and LANDFIRE classes have been simplified for purposes of presentation 

(e.g., Sonoran desert scrub = Sonoran Paloverde-Mixed Cacti desert scrub).  The 126 

LANDFIRE classes are a simplification of the 13 Anderson fire behavior fuels models [62]. 

 128 
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2. MRLC Products 130 

 Processed Landsat Imagery (http://earthexplorer.usgs.gov/).  Following the release of NLCD 

1992, a second generation MRLC initiative was launched with two primary goals: (1) to develop a 132 

consistent Landsat imagery dataset for the U.S., and (2) to develop a second generation National 

Land Cover Database (NLCD 2001). In order to develop a Landsat imagery dataset capable of 134 

national application, key pre-processing enhancements in Tasseled Cap (TC) coefficients, 

correction to at-sensor, top-of the atmosphere (TOA) reflectance, geo-registration, and other issues 136 

needed to be implemented in an image processing protocol for Landsat 5 and Landsat 7 Enhanced 

Thematic Mapper Plus (ETM+) images [5]. These value added image products were made 138 

available initially to the MRLC Consortium, and have subsequently been made available free-of-

charge to the public.  The MRLC imagery database is substantially different than the Landsat 140 

archive that was made freely available to the public by USGS in 2008 [11] and the recently 

released Web-enabled Landsat Data (WELD) archive [12].  The images in the freely available 142 

Landsat archive do not possess the level of processing applied to the images in the MRLC imagery 

database (e.g., TC, TOA, geo-registration), and, unlike the MRLC imagery archive, they are not re-144 

projected into an equal-area projection that is necessary for nationwide land cover mapping.  The 

level of image processing applied to the WELD archive is similar to that applied to the MRLC 146 

archive, but the WELD archive includes only Landsat 7 ETM+ images for the years 2006 to 2010 

(http://globalmonitoring.sdstate.edu/projects/weld).  The MRLC image archive extends back in 148 

time to 2001 (i.e., NLCD 2001), and the MRLC archive does not include Landsat 7 ETM+ images 

that suffer from the scan line corrector error that arose in May 31, 2003.  The MRLC image archive 150 

contains only Landsat 5 TM and Landsat 7 ETM+ images that were acquired before May 31, 2003. 

 152 

 The National Land Cover Database (NLCD) (http://www.mrlc.gov).  Led by USGS, NLCD has 

been produced for four eras at a 30m spatial resolution: NLCD 1992 [3], NLCD 2001 [9], NLCD 154 

2006 [13-14], and the recently released NLCD 2011 [15].  NLCD 2011 is a land-cover monitoring 

database that includes updated versions of NLCD 2001 and NLCD 2006.  NLCD 1992 is not 156 

included in the release of NLCD 2011 because mapping methods changed significantly between 

the production of NLCD 1992 and the first (initial) release of NLCD 2001.  The NLCD 2011 158 

database includes land cover, percentage urban impervious surface, and forest canopy density.  The 

percentage urban impervious surface and forest canopy density layers are resolved in 1% 160 

increments from 0 to 100 for areas identified as urban and forest, respectively, in the land cover 

layer of the database.  With the release of NLCD 2011, users can monitor trends in land cover and 162 

impervious surface across the three eras (2001, 2006, and 2011).  Forest canopy density is 

available for 2001 and 2011, but comparison of the two datasets to identify change is not 164 

recommended because of production methods changes between the two dates.  Production of 

NLCD is also supported by formal accuracy assessments [16-22], and accuracy assessment of the 166 

NLCD 2011 product is currently underway. 

 168 

 Coastal Change Analysis Program (C-CAP) 

(http://www.csc.noaa.gov/digitalcoast/data/ccapregional).  NOAA's Coastal Change Analysis 170 
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Program (C-CAP) provides a temporal inventory of intertidal areas, wetlands and adjacent uplands 

for MRLC coastal zones at a 30m spatial resolution.  C-CAP has a detailed legend of wetland 172 

classes including palustrine and estuarine expressions of forest, scrub and emergent wetlands, 

palustrine and estuarine expressions of aquatic bed, and unconsolidated shore.  Land cover 174 

products are available in most coastal locations for 1996, 2001, 2006, and 2011, and NOAA is 

working backwards in time to 1992, 1985, or further for many additional areas.  The NOAA C-176 

CAP program also produces NLCD for the coastal areas of the continental U.S., and is often 

referred to as “coastal NLCD.”  The NOAA C-CAP program also produces high resolution (1m – 178 

5m) products to bring the national framework to a more localized level for selected locations. 

 180 

 Cropland Data Layer (CDL) (http://nassgeodata.gmu.edu/CropScape).  The Cropland Data Layer 

is a land cover dataset that includes a detailed legend of crop types (e.g., corn, wheat, soybeans, 182 

cotton, rice) that is produced by the U.S. Department of Agriculture (USDA), National 

Agricultural Statistics Service (NASS) and distributed through an interactive data visualization 184 

portal called CropScape.  CDL was first produced nationally in 2008 [23].  Extensive field data 

from the USDA, NASS June Agricultural Survey and the USDA Farm Service Agency (FSA) 186 

Common Land Unit (CLU) data are used with satellite and ancillary data to distinguish the 

numerous crop types and practices (e.g., double cropping) [24].  Thematic accuracies for major 188 

crop types (e.g., corn, soybeans, wheat, rice, cotton) are reported in the literature [24].  NLCD land 

cover is used to classify areas that are not agricultural. 190 

 

 LANDFIRE (http://www.landfire.gov).  The Landscape Fire and Resource Management Planning 192 

Tools (LANDFIRE) is a shared program between the USDA Forest Service (USFS) and the U.S. 

Department of the Interior (DOI).  The program arose over concern about increasing trends in the 194 

number of fires, the severity of fires, and the size of fires.  In 2000, the President directed the 

Secretaries of Agriculture and the Interior to recommend how best to respond to severe wildland 196 

fires, reduce the impacts of fire on communities, and ensure sufficient firefighting capacity into the 

future.  The objective of LANDFIRE is to help solve problems of gaps and inconsistencies in the 198 

landscape data needed for science-based planning.  LANDFIRE develops and provides over 20 

national geo-spatial data layers of vegetation, fuel, and disturbance, as well as databases of land 200 

based information and ecological models for the U.S. and its territories.  The 30 m spatial datasets 

include several data layers that can be grouped into the three broad themes of vegetation, fire 202 

behavior, and fire regime [25].  The first national LANDFIRE database was completed in 2009 and 

updated versions have since been produced.  Updates include refinements and remapping of 204 

vegetation data layers, incorporation of disturbance (a new data layer), and refinement of urban, 

agriculture, and wetland categories [26]. 206 

 

 GAP (http://gapanalysis.usgs.gov).  Led by USGS, the mission of the GAP Analysis Program is 208 

to provide the data and tools to support proactive conservation and management of plant 

communities and animals.  It is a geographic approach to biodiversity protection that relies on the 210 

development of detailed vegetation maps that are used to model terrestrial vertebrate species 

distributions [27].  In combination with the Protected Areas Database [28; 212 
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http://gapanalysis.usgs.gov/padus], assessment of conservation status (e.g., representation in the 

conservation network) for each element of biodiversity can be determined.  The vegetation 214 

classification system (developed through collaboration between GAP, LANDFIRE, and others) 

used for mapping is the Ecological Systems Classification [29]. The map legend has been cross-216 

walked to the National Vegetation Classification Standard (NVC) [30] in order to provide the data 

in the hierarchical framework of the standard.  The data are provided for the upper five levels (in 218 

increasing detail): Formation Class, Formation Subclass, Formation, Division, and Macro-group of 

the NVC.  An example of an ecological system would be Southern and Central Appalachian Cove 220 

Forest.  NLCD land cover is used to classify areas that do not represent 'natural' or semi-natural 

vegetation. 222 

3. Applications  

MRLC products (Figure 2) have been used widely.  Because of the breadth of data products that are 224 

part of MRLC, the open access data policy under which they are distributed, and the decade or more 

over which some products have been available, the number of projects in which the data have been 226 

used are simply too many to count.  As previously noted, the publication announcing the release of the 

NLCD 1992 product [3] has been cited over 500 times, and most of these citations discuss applications 228 

of the data rather than production of the data.  Here we offer a few example applications of MRLC 

products.   230 

Figure 2: NLCD user applications by category based on USGS earth explorer downloads 

from February 2011 to September 2012 (N = 2545). 232 
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 Urban Land use.  Consistent information on land use over large areas is a recognized data gap.  234 

Scientists at USGS have begun to address that gap by gathering and combining extensive (and 

protected) ancillary data with NLCD 2006 to make a national urban land use dataset [31].  The 236 

nine-class legend includes 4 classes of residential, 2 classes of commercial-industrial, institutions, 

roads, and a class for recreation and cultural use.  The ancillary data were used to model the nine 238 

urban classes using the areas identified as urban in NLCD 2006.  The methodology has been tested 

in 10 cities across the U.S., and overall accuracy of the product exceeds 80%.  Plans to extend the 240 

work nationally are under consideration. 

 242 

 Impaired waters.  As part of the Clean Water Act (CWA) (P.L. 72-500), states are required to 

monitor and assess their waters on a biennial basis and report assessment results to EPA.  244 

Inevitably, some portion of the assessed waters do not meet water-quality standards and are thus 

identified as impaired.  Once a water body is identified as impaired, plans must be put into place to 246 

bring it back into compliance.  The challenge is that it is much easier to detect impairment than it is 

to re-establish compliance.  Because of the differential between the “ease of detection” and the 248 

“ease of re-establishing compliance,” the number of impaired water bodies throughout the U.S. is 

very large (> 40,000) [32].  Further complicating this large restoration effort is the lack of guidance 250 

(within CWA and elsewhere) on priority setting strategies.  Such strategies are needed because 

financial resources do not match the large task of re-establishing compliance for > 40,000 impaired 252 

waters.  Scientists at EPA developed a strategy called recovery potential to address this problem 

[32].  Recovery potential is comparative site evaluation.  It is used to identify water bodies most 254 

likely to recover if restoration activities were undertaken.  Many of the indicators used for 

comparative site characterization are based on NLCD.  Some examples include: 1) percentage of a 256 

watershed or riparian area that is forested or in natural land cover; 2) percentage of the watershed 

or riparian area that is in cropland or agriculture; 3) percentage of the watershed or riparian area 258 

that is in impervious cover, and; 4) percentage of the watershed that has cropland on steep slopes.  

The program has been a success.  Watershed managers in all 50 states have been exposed to the 260 

program, recovery potential projects are underway in 19 states, and EPA has developed training 

materials and established a recovery potential website (http://www.epa.gov/recoverypotential). 262 

 

 Disaster management.  NOAA C-CAP was conceived as a project to help managers address land 264 

management issues.  Use of the data to address such problems has been a key measure of the 

project’s success and relevance, and the NOAA C-CAP project has documented many such 266 

successes (http://www.csc.noaa.gov/digitalcoast/data/ccapregional/action).  C-CAP data were used 

in the National Marine Fisheries Service’s (NMFS) [33] report to the U.S. Congress on the impacts 268 

of hurricanes Katrina, Rita, and Wilma on fishery habitat on the Gulf Coast.  C-CAP data were 

used to document loss of more than 400 km2 of emergent wetland in Louisiana from hurricanes 270 

Katrina and Rita.  From that data, NMFS [33] estimated that these two hurricanes increased the 

rate of loss of emergent wetlands along approximately 50% of the Gulf of Mexico coastline.  272 

Emergent wetlands are habitat for commercially important fisheries such as blue crab, shrimp, and 

oysters [33], and thus there is a direct link between land cover change and the provision of 274 

important ecosystem services. 
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 276 

 Fire fighting efficiency.  Fire fighting efficiency is one of the many areas where LANDFIRE data 

are being used.  LANDFIRE’s fire behavior fuels models were used in conjunction with weather 278 

and topographic information to study how fire characteristics affect firefighters' ability to put out 

wildland fires [34].  In the analysis, LANDFIRE data were used to model flame height and rate of 280 

fire spread, which permitted an assessment of fire suppression success using one or more different 

types of aircraft.  The availability of LANDFIRE data for this analysis advanced understanding of 282 

fire fighting efficiency because previous, similar studies were not able to incorporate such data.  

An expanded list of LANDFIRE applications can be found at 284 

http://www.landfire.gov/documents_dataproducts.php. 

 286 

 Crop condition.  Ethanol production in the United States increased by 9 billion gallons between 

2000 and 2009 [35].  Wright and Wimberly [36] used the Cropland Data Layer (CDL) to study 288 

agricultural land cover changes related to this trend since corn is the primary source of ethanol 

[35].  They compared CDL 2006 and CDL 2011 for the western Corn Belt (North Dakota, South 290 

Dakota, Nebraska, Minnesota, and Iowa) and found that more than 500,000 ha had been converted 

from grasslands to a corn-soybeans rotation, much of which occurred on lands that were marginal 292 

for agriculture or in the vicinity of prairie pothole wetlands.  This work highlights the influence of 

policy on land cover change, and potential conflicts between policies related to ethanol production 294 

and policies related to grassland conservation [36]. 
 296 

 

 Biodiversity protection.  Each year the State of the Birds report focuses attention on conservation 298 

issues that impact bird populations in the United States.  In the 2011, the report focused on the 

value of public lands and waters for the conservation of the nation's bird populations [37].  GAP’s 300 

National Land Cover data were used to estimate the extent of each primary habitat within public 

lands.  The 590 Ecological Systems and land-use classes were categorized into primary habitat 302 

designations for this analysis.  These data were then overlaid with the Protected Areas Database 

[28; http://gapanalysis.usgs.gov/padus] to calculate the area of each primary habitat on public lands 304 

(not including coasts, islands, and oceans).   These types of assessments are important not only 

because they demonstrate the importance public lands have  in conserving  birds; but also because 306 

they show stewardship opportunities available for the agencies managing these lands.  The 

availability of the high thematic resolution GAP land cover product made this analysis possible. 308 

 

 Strategic forest monitoring and assessment.  The USFS relies on the NLCD for several strategic 310 

monitoring and assessment activities.  Strategic assessments, such as the Resource Planning Act 

(RPA) Assessment, which was mandated by the 1974 Forest and Rangeland Resource Planning 312 

Act (PL 93–378, 88 Stat 475, as amended), partially rely on NLCD products.  The purpose of the 

decadal RPA assessments is to summarize findings about the status, trends, and the projected 314 

future of natural resources to aid managers and policymakers as they develop sustainability 

strategies.  The 2010 RPA Assessment [38] includes assessment of forest, grassland, and shrubland 316 

fragmentation that were developed from a pattern analysis of the NLCD land cover data.  
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Additionally, the 2001 NLCD percent tree canopy cover map provides information about tree 318 

resources in urban areas and therefore was used as part of the assessment of urban forests.  

Strategic monitoring efforts such as the Forest Inventory and Analysis (FIA) program also rely on 320 

NLCD products.  The FIA collects information on land use, vegetative community type, biomass, 

carbon, and disturbances at over 300,000 sampling locations across the United States.  The NLCD 322 

land cover map is used to post-stratify the sample which substantially reduces the sampling error of 

population estimates such as total forest carbon [39].  In many cases, the FIA program would need 324 

to increase their sample size by 15% or more to reach the same level of precision that is provided 

by using NLCD products for post-stratification.  The NLCD product lines provide a nationally 326 

consistent portrayal of land cover which are an important component of the USFS strategic 

monitoring and assessment activities. 328 

 

4.  Discussion 330 

4.1.  Impact 

MRLC has had many successes.  They include: inter-agency cooperation and collaboration, breadth 332 

of product, realizing a vision of Landsat TM, making land cover change information common, 

innovation and relevance, a well-developed remote sensing research component to support product 334 

development, and contribution of essential data to an active and growing applied research community.  

One noteworthy success was the announcement by the U.S. Census Bureau, which is not an MRLC 336 

member, that it was using NLCD 2001 to aid in the identification of urban areas for the 2010 Census 

[40].  MRLC growth over its nearly 20 year history is testimony to what can be accomplished by the 338 

federal government. 

Interagency cooperation and collaboration may be the most significant MRLC accomplishment.  340 

Fertile ground for cooperation was established during the formation of MRLC through its objective of 

creating a now large and shared Landsat archive.  Most of the MRLC projects use the same imagery to 342 

produce their products and rely on the products of other members for development of their data. As 

noted earlier, CDL uses NLCD to map non-agricultural areas; GAP uses NLCD to map areas that are 344 

not ‘natural’ or semi-natural vegetation, GAP and LANDFIRE collaborate on vegetation classification 

standards (in alignment with FGDC standards), and GAP uses LANDFIRE vegetation data where 346 

regional GAP products are lacking.  A significant accomplishment early on was the close collaboration 

that developed between USGS and NOAA on the production of NLCD and C-CAP, which has led to a 348 

deeper integration of the two products.  Such capacity building has continued as the MRLC consortium 

has matured.  The USFS led the development and production of percentage tree canopy for NLCD 350 

2011, and will lead the production of percentage tree canopy for the NLCD 2016 effort. In addition, 

the U.S. Bureau of Land Management (BLM) is sponsoring development of percentage shrub and bare 352 

ground products for incorporation into NLCD 2016, and collaborative research between USGS and 

BLM is currently underway to support these new NLCD 2016 products.  The close cooperation and 354 

collaboration among participants has led to: 1) decreased duplication among member agency products 

and therefore significant cost savings to the taxpayer, and; 2) a broadly scoped and integrated picture 356 
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of our nation's land cover.  The culture of cooperation among MRLC partners is also supported by 

annual partners meetings and quarterly web-enabled conference calls. 358 

Landsat Thematic Mapper (TM) was launched in 1982, providing improved spatial resolution and 

re-configured spectral bands designed specifically to provide better discrimination of vegetation than 360 

its predecessor, Landsat MultiSpectral Scanner (MSS).  Better discrimination of earth surface features 

was part of the motivation for re-designing the Landsat satellite, with three of the eight mission 362 

objectives being: 1) mapping agricultural land use; 2) surveying forest resources, and; 3) land cover 

change detection [41].  MRLC is the first national-scale realization of these mission objectives.  The 364 

CDL provides detailed data on crop types suitable for planning and management.  In combination, 

NLCD, C-CAP, GAP, and LANDFIRE constitute a survey of many aspects of forest resources, 366 

including detailed depictions of forest types and composition, forest canopy height, forest canopy 

density, and many aspects of the fire characteristics of forests.  The third Landsat TM mission 368 

objective [41] (land cover change detection) has experienced a renaissance in recent years as land 

change science has emerged as a new discipline due to growing concerns over environmental 370 

sustainability [42], and land cover monitoring is one of the objectives of the newly emerging area of 

research [43].  Prior to the emergence of MRLC, information on land cover change was rare, scattered 372 

throughout the internet and research community as local efforts using one or two Landsat images.  

Through NLCD, C-CAP, CDL, and LANDFIRE, land cover change data are now readily available to 374 

the user community.  MRLC products have made the Landsat TM mission objective of land cover 

change detection [41] a reality.    376 

Innovation has been an integral component of MRLC since its inception, from correctly conceiving 

land cover as fluid and ever-changing rather than static (C-CAP), to envisioning land cover as a 378 

database [8,25,27,50], to using satellite data as a foundation for biodiversity (GAP), fire (LANDFIRE) 

and cropland management (CDL).  Among these innovations, development of percentage urban 380 

impervious cover and the detection of change in percentage urban impervious cover may be the most 

significant.  It is unlikely that impervious cover was within the vision of the developers of Landsat TM 382 

[41] because it did not emerge as an important indicator of environmental degradation until the mid-

1990s [44].  Since then, impervious cover has become a standard and widely used indicator of extant 384 

aquatic condition [45-46] such that the states of Connecticut and Maine have adopted impervious 

cover thresholds for the identification of water-quality impairment [47-48].  Impervious cover is not an 386 

indicator that can be conveniently or cost-effectively measured in the field; it has to be measured 

remotely.  The development of percentage urban impervious cover, a component of NLCD, marks 388 

perhaps the first nationwide dataset generated using Landsat for water-related environmental policy 

applications. 390 

Product development research is a foundation for the widespread use of MRLC data.  MRLC 

product development research includes image processing [4-5,49], classification [6-7], database design 392 

[8,25,27,50], change detection [15,26,51-52], modeling of forest canopy cover [53], and accuracy 

assessment [54-57].  This research is needed to support the continued refinement and increased 394 

efficiency in producing MRLC products for the nation.  It is the seamless and consistent data at 

regional and national scales that, in part, fosters a broad user community.  MRLC data have been used 396 

widely for environmental assessments, such as water quality degradation, deforestation, fire, 

biodiversity, and overall landscape condition.  Less well known are uses of MRLC data for 398 
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understanding aspects of human health and well-being.  Diversity of MRLC land cover has been used 

to map spatial patterns of crime, with the authors noting the novelty and potential importance of such 400 

data for uncovering the spatial patterns [58].  MRLC land cover was used as a measure of green space 

to map vulnerability to heat stress for major cities of the U.S. [59], and, in a process-based study, 402 

MRLC land cover was used to show that preservation of large wetlands and their attendant bird 

communities may be a useful approach for controlling outbreaks of West Nile Virus [60].   404 

 

4.2Future plans  406 

 

MRLC members are committed to ensuring the future success of the consortium in delivering land 408 

cover and land cover change information for the nation.  Like all programs, MRLC's plans are 

contingent on externalities.  Therefore, future activities are contingent on resource availability.  Out of 410 

respect for those externalities, our comments on future plans are intentionally brief.   

Following on the recently released 2011 products, planning is underway for production of NLCD 412 

and C-CAP 2016.  The 2016 versions of the products will continue to build on the land cover 

monitoring objective of the programs, providing a 15-year time series of land cover change.  414 

Consideration is being given to the introduction of new products, such as percentage bare ground and 

percentage shrub cover [61].  These products would be conceptually analogous to percentage urban 416 

impervious cover and percentage canopy density, and add thematic resolution by making it possible to 

compute estimates of shrub density, which should be valuable in the western United States.  Their 418 

potential inclusion is also an example of the importance MRLC places on integration and collaboration 

since production of these database elements will be led by the U.S. Bureau of Land Management 420 

(BLM).  Consideration and research is also underway to complete NLCD land cover and 

imperviousness products retroactively for every five-year era back to 1985, creating a much longer 422 

history of U.S. land cover change for users.  LANDFIRE is planning a major re-mapping during the 

same general time period and continued development of natural vegetation updating and change 424 

detection capabilities, including a vegetation health assessment that is relevant to the fire management 

community [26].  GAP and LANDFIRE are working collaboratively on mapping approaches that will 426 

continue to provide thematically rich vegetation maps to support both fire management and 

conservation planning in a nested framework.  At the present time, plans for CDL are to continue 428 

producing annual maps of detailed crop types for the U.S.   

 430 

5. Conclusion  

 The MRLC consortium started as a small group with the modest goal of pooling resources to 432 

purchase Landsat TM imagery for the continental United States.  Over the past 20 years, it has grown 

into a group that is comprised of 10 federal agencies that produce five different land cover products.  434 

As a set, the five products constitute a comprehensive database of United States land cover.  MRLC 

products include generalized land cover, impervious cover, and detailed classifications of croplands, 436 

natural vegetation, and forests.  In addition, many of the MRLC products have been produced for 

several time periods so that assessments of land cover change and trends can be undertaken.  438 
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  The breadth of MRLC product development would not have been possible without the culture of 
collaboration that developed within the consortium. The culture of collaboration includes shared 440 

resources (e.g., MRLC imagery archive), shared mapping responsibilities (e.g., NLCD and C-CAP, 
GAP and LANDFIRE, USFS-USGS collaboration on NLCD forest canopy density), and shared 442 

research responsibilities (e.g., USGS-BLM collaboration on NLCD 2016 percentage bare ground).  
The comprehensive MRLC land cover product set, fostered by the MRLC culture of collaboration, has 444 

provided tangible societal benefits.  Examples of societal benefits include development of impervious 
cover data for Clean Water Act monitoring and assessment [32, 47, 48], potential relationships 446 

between land cover patterns and crime and human well-being [58-60], impact of natural disasters on 
ecosystem services [33], and the influence of federal energy policies on land use change and potential 448 

environmental degradation that could arise from the land use change [36]. 
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