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a b s t r a c t

The Cropland Data Layer (CDL) contains crop and other specific land cover classifications obtained using
remote sensing for the conterminous United States. This raster-formatted and geo-referenced product
has been widely used in such applications as disaster assessments, land cover and land use research, agri-
cultural sustainability studies, and agricultural production decision-making. The traditional CDL data dis-
tribution channels include paper thematic maps, email data requests, CD/DVD media, and ftp bulk
downloading. To effectively and efficiently meet the growing needs of our customers, CropScape (the
name invented for a new interactive Web CDL exploring system) was developed to query, visualize, dis-
seminate, and analyze CDL data geospatially through standard geospatial Web services in a publicly
accessible online environment. CropScape not only offers the online functionalities of interactive map
operations, data customization and downloading, crop acreage statistics, charting and graphing, and mul-
titemporal change analysis as well in an interoperable manner, but also provides Web geoprocessing ser-
vices such as automatic data delivery and on-demand crop statistics for uses in other applications. This
system delivers dynamic user experiences with its comprehensive capabilities in an open geospatial con-
text, and facilitates delivery and analysis of geospatial cropland information for decision support and var-
ious research endeavors. More than 17,000 users around the world have visited CropScape in its first
5 months of availability.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Knowledgeable agricultural decision-making and policy formu-
lation are critical to US and global agricultural sustainable develop-
ment, food security, and economic prosperity. Farming decisions
are becoming more complex because of the internationalization
of agricultural product markets, global climate change, and the
need for farmers to adopt sustainable farming practices (Lynch
et al., 2000). Incomplete information is one of the main constraints
for decision-making (Bacic et al., 2006). The availability of and
access to geo-information are particularly crucial for the design,
implementation, and monitoring of agri-environmental schemes
(Castelein and de Bruin, 2007). The systematic process and system
for collecting, processing, storing, archiving, preserving, retrieving,
visualizing, analyzing, and disseminating agro-geoinformation are
critical for the best use of agro-geoinformation, the agricultural
-related geo-information that supports agricultural decision-mak-
ing and policy formulation. Geo-information technology, such as
remote sensing technology for mapping the land cover of the Earth
ll rights reserved.

: +1 703 993 6127.
(agricultural land, forest, wetland, etc.) from satellites (Jensen,
2004), geographic information systems (GIS) for capturing, storing,
manipulating, and displaying geographic information in digital
form (Clarke, 1997; DeMers, 1997), and communication technolo-
gies, notably the Internet, for accessing, processing, and dissemi-
nating agro-geoinformation has offered appropriate technology
for establishing such a systematic process and developing such a
system.

US Department of Agriculture (USDA), National Agricultural
Statistics Service (NASS) collects and provides timely, accurate,
and useful statistical information in service to US agriculture. The
Spatial Analysis Research Section (SARS) within the Research and
Development Division of NASS has produced a yearly Cropland
Data Layer (CDL) product based on mid-resolution satellite data
and high quality ground truth since 1997 (Boryan et al., 2011). This
agricultural geospatial data is a crop and other specific land cover
classification encompassing the entire contiguous United States. It
provides geo-referenced, high accuracy, 30 or 56 m resolution, crop
specific cropland land cover information. This product has been
extensively used by policy and decision makers, scientists,
researchers, educators, and farm producers for land cover monitor-
ing, agricultural sustainability, crop acreage and yield estimation,

http://dx.doi.org/10.1016/j.compag.2012.03.005
mailto:whan@gmu.edu
http://dx.doi.org/10.1016/j.compag.2012.03.005
http://www.sciencedirect.com/science/journal/01681699
http://www.elsevier.com/locate/compag


112 W. Han et al. / Computers and Electronics in Agriculture 84 (2012) 111–123
disaster assessment, bioenergy crop inventory, food security pol-
icy, environmental assessment, carbon accounting, and other re-
search interests that are of vital importance to American
agriculture and its economy (Kutz et al., 2012; Liknes et al.,
2006; Maxwell et al., 2010; Muller et al., 2008; Shao et al., 2010;
Shore et al., 2006; Shore and Gregory, 2010; Sun et al., 2008; Wang
et al., 2011; West et al., 2010).

This valuable CDL product was historically disseminated to
users via paper thematic maps, CD/DVD media, or FTP download
via zipped files from the NASS (NASS, 2011) website or the USDA
Geospatial Data Gateway (NRCS, 2011). The CDL users had chal-
lenging tasks in locating, acquiring, accessing, visualizing, analyz-
ing, manipulating, or consuming this geospatial data product. The
need for special visualization and analytical software or tools also
became a burden for users. Moreover, the traditional dissemination
channels did not provide any data access, manipulation, process-
ing, and analysis capabilities to the end users or any Web services
to other desktops or distributed applications. Obviously, the cur-
rent dissemination methods were ineffective, and could no longer
meet the growing and demanding needs of the agricultural com-
munity and general public domain. A fast, open and interoperable
data access and dissemination application system with online data
navigation, visualization, and analysis capabilities and services was
badly needed. This paper describes CropScape (http://nassgeoda-
ta.gmu.edu/CropScape/), a Web service-based and rich internet
application that handles large volumes of data, intensive computa-
tion, concurrent access and spatial–temporal intensity. The paper
also addresses major issues involved in agro-geoinformation utili-
zation and explores how to integrate different geospatial data han-
dling tasks and services, such as easy and open access, online
visualization, geospatial navigation and querying, reformatting
and transformation, delineation of area of interest, on-the-fly data
analysis, data processing, and dissemination, into an agro-geoin-
formation application based on distributed geospatial services
and components. CropScape uses intuitive building of the end
user’s skills and experiences to design a user interface that is effec-
tive for both beginners and advanced users. The scalability, reus-
ability, interoperability, performance, and efficiency are balanced
in the application of a Service-Oriented Architecture (SOA), and
in the implementation of Web services. These services along with
CDL agro-geospatial data can be shared, and integrated by third
parties into their geospatial Web applications. Finally, the de-
scribed CropScape application was used in assessing the impact
of the 2011 Mississippi River flood disaster on cropland damage
in Mississippi County, Missouri.

The remainder of this paper is organized as the following: Sec-
tion 2 introduces the CDL product background, the system require-
ments and specifications, architecture framework design along
with its implementation, and the detailed system functionalities
and their Web service implementations. Section 3 presents Crop-
Scape application case studies. Section 4 discusses applications of
CropScape and future work. Section 5 summarizes conclusions.
1 http://www.nass.usda.gov/research/Cropland/docs/CDL_2010_accuracy_
assessments.zip.

2 http://www.nass.usda.gov/research/Cropland/docs/CDL_2009_accuracy_
assessments.zip.
2. Materials and methods

2.1. CDL data

USDA/NASS classifies US crop cover types using satellite imag-
ery from the Advanced Wide Field Sensor (AWiFS) and Landsat
TM 5 and ETM+ 7. It uses USDA Farm Service Agency (FSA) Com-
mon Land Unit (CLU) data and associated Administrative Data
578 attribute data (which includes all crop specific information
such as crop type, status, and intention codes), NASS’s June Agricul-
tural Survey (JAS) data, and US Geological Survey (USGS)’s National
Land Cover Datasets (NLCD) as ground truth to produce the catego-
rized geo-referenced annual CDL product. The NLCD derived
products, such as the National Elevation Dataset (NED), percent
tree canopy, and the percent impervious product data are used
as an ancillary dataset for classification (Boryan et al., 2011). The
result of this classification is a crop-specific, 30 or 56 m resolution
land cover image (thematic map) encompassing the entire
contiguous United States, as shown in Fig. 1. The CDL product is
a geo-referenced raster dataset. The standard product is projected
in the Albers equal area projection and distributed in GeoTIFF for-
mat. NASS also provides the metadata files in .html and .xml for-
mats, and the ‘‘super-matrix’’ accuracy assessments of all states
CDL data for the crop year 20091 and 20102 on its website. The pub-
lished CDL data dates back to 1997. The spatial resolution of most
CDL data is 30 m, but for the crop years 2006–2009, the resolution
is 56 m. Starting from 2009, the CDL product covers all 48 contermi-
nous states. This geospatial product derived from remote sensing
and ground truth data delivers approximated acreage estimates by
counting pixels within a given area of interest (AOI), an estimate that
is not considered as a NASS official estimate, and provides detailed
geolocation information on the planted crops. All available CDL data
needed to be served online to facilitate users to visualize, retrieve,
analyze, and utilize the data. However, the mid-resolution, huge data
volume, and large spatial coverage of the CDL raster data (A state
CDL data file could be up to 700 MB or more) presented a big chal-
lenge to achieve the online visualization, dissemination and analysis
over the Web. The traditional distribution channels as previously de-
scribed greatly limited the effectiveness and efficiency for the CDL
data publishing, equal access, dissemination and usage, and could
not meet the growing needs from the community. Therefore, this pa-
per focuses on answering questions about how to serve all CDL data
online and how to provide the capabilities of geospatial querying,
exploring, and analyzing online via a Web application. The raster
data to be served online also includes the Global Land Cover Data,
which is served as a background map layer for reference purposes.
This dataset classifies the global land surface into 22 categories at
300 m resolution (POSTEL, 2008).

In addition to the CDL raster data, different boundary layers are
served to define the specific AOI for visualization, navigation, and
analysis. The latest 2010 TIGER/Line Shapefiles for the 48 contigu-
ous states and their counties as well as the District of Columbia
from the US Census Bureau website (US Census Bureau, 2010) were
used as boundary feature data in CropScape. Moreover, the Agricul-
tural Statistics District (ASD) was also included as an important
boundary for crop acreage analysis. An ASD is defined by a group
of counties which have similar cropping practices, geographic fea-
tures, and climate conditions within a state. The ASD boundaries
are pre-generated by merging the boundary files of counties within
the same district. Beyond these predefined state, county and ASD
permanent boundaries, the user defined, simple boundaries are
also supported in the form of AOI to meet the user’s specific anal-
ysis needs.

In CropScape, the USDA NASS (2007) tabulated county statisti-
cal data was also considered for spatial queries. The county level
major crop acreages from the Census of Agriculture were included
for comparison (NASS, 2007).

2.2. System requirements and specifications

The business and system requirements for the proposed Web-
based application were collected and refined by intensively com-
municating with stakeholders and users. The system requirements

http://www.nassgeodata.gmu.edu/CropScape/
http://www.nassgeodata.gmu.edu/CropScape/


Fig. 1. 2009 Cropland Data Layer: a thematic map in raster format.
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reflected the needs of most users, especially those who do not have
GIS software or GIS skills and experience. It was required that the
proposed CropScape application should provide the capabilities of
accessing, customizing, downloading, analyzing, and disseminat-
ing CDL data, and online user guides and help documents to users.
In addition, some open and standards-compliant Web geospatial
services should be offered with detailed descriptions and technical
support. Those web services can enable the CDL data served with
CropScape to be easily integrated with other third party geospatial
applications.

A successful Web-based decision support application system
should be fast and user-friendly, and provide sufficient and highly
useful capabilities to end users (Keil et al., 1995; Fernandez and
Neal, 2007). The latest Web technologies and Open Geospatial
Consortium (OGC) standards offer the best solutions to develop
an open geospatial Web application to meet all these require-
ments (Iosifescu-Enescu et al., 2010) and to support serving the
CDL to the general public and the business, science, research,
and educational communities. Such an agricultural geospatial
Web application will help users access, query, visualize, custom-
ize, download, and analyze CDL data interactively at any geo-
graphic level using common Internet browsers, and provide
other applications standard Web geospatial data retrieval and
processing services. In particular, the specified CropScape func-
tionalities include common map functions, layer display control,
defining any AOI by a boundary or geometry, multiple data retrie-
val options, support of various output format and projection,
acreage statistics calculation, chart and table exporting, land cov-
er change analysis and display, and map export and printing, etc.
These functionalities are implemented in either callable Web ser-
vices or internal functions. The detailed software implementation
specifications are further developed based on these function def-
initions and system design.
2.3. Architecture framework design

A general 3-layer framework is adopted to share and distribute
geospatial data and to achieve the objectives of this system, as
shown in Fig. 2.

SOA allows for quick response to new requirements for other
geospatial data and assimilates new geospatial data and processing
services from service providers (Granell et al., 2010). It also
provides maximum system scalability for future system augmenta-
tion. Open Web standards and OGC geospatial data and processing
standards are adopted in this extensible framework to make it
accessible, interoperable, and reusable.

As illustrated in Fig. 2, the application layer includes various
geospatial applications that support standard Web and OGC ser-
vices; these applications like ArcGIS Explorer (ArcGIS Explorer
Desktop, 2011) could mash-up available online data services with
local data layers or invoke Web processing services in their own
environment. The service layer contains OGC standard compliant
Web Feature Service (WFS) (Vretanos, 2005), Web Map Service
(WMS) (de la Beaujardière, 2006), Web Coverage Service (WCS)
(Whiteside and Evans, 2008) and Web geoprocessing services to
provide geospatial data and processing services. The Data Layer of-
fers various geospatial and attribute data which are stored in files
or databases, and could be accessed directly or indirectly by geo-
spatial data and processing services. The data from Data Layer
are processed and or served by Web services contained in the Ser-
vice Layer. The processed results or data retrieved from the Data
Layer are sent back to the clients in the application layer. The next
sub-section will discuss these three layers in details.

2.3.1. Application layer
In the implementation of CropScape, open source JavaScript li-

braries, ExtJS (ExtJS 4, 2011) and OpenLayers (OpenLayers, 2011),



Fig. 2. System architecture framework.
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are used to develop an Ajax-powered rich Internet application (as
shown in Fig. 2) which can be accessed through most common
browsers, for example, Internet Explorer, Firefox, Safari, Opera,
and Chrome, without installing any additional software or plug-
in (Han et al., 2011; Lawton, 2008). Users, even those who do
not have specialized computer skills or GIS experiences, can use
this Web application easily (Han et al., 2009). ExtJS is a free
cross-browser JavaScript framework that provides a wide range
of user interface components and APIs to build responsive Web
applications (Sencha, 2011). ExtJS is among the most popular
open source JavaScript packages because of its valued community
support, high performance, and ease of maintenance. OpenLayers
offers an Ajax-enabled open source Web mapping framework that
supports map layers from OGC WMS and WFS, Geography Mark-
up Language (GML), Google Maps, Yahoo Maps, and Bing Maps,
and interacts with these layers through a suite of map controls.
A user-friendly interface as shown in Fig. 3 is designed using dif-
ferent groups of application functionalities. A user interface de-
sign principle is adopted with no submenu deeper than three
layers.

In the user interface that uses ExtJS, the map layer control is
created with radio boxes and check boxes to show or hide the
layers. The transparency of these layers can be adjusted by mov-
ing the slide bar. The legend window provides the category
names with the specified colors and the boundary layer names.
An overview window maintains the global view of the current
map view location. A common toolbar, which contains a set of
common functional buttons across the pages, is created to facili-
tate map operations and data analysis. It gives consistency in look
and feel as well as implementation. And the geo-location of the
current cursor position is displayed on the toolbar. The Help
and FAQ buttons on the right side of the toolbar together with
the DEMO link at the bottom provide users with assistance in
use of the CropScape application. The map view is implemented
based on OpenLayers to support Web-based map display and
map operations like zoom in/out, drag-box zoom, and panning.
HTTP GET/POST requests are utilized in the communications be-
tween clients and the server through messages in XML or Java-
Script Object Notation (JSON) format.

Overall, CropScape client interface offers users a direct, interac-
tive, and responsive way to view, query, download, and analyze
CDL data.

2.3.2. Service layer
The service layer contains open Web geospatial data services and

specially developed Web geo-processing services. MapServer (Kro-
pla, 2005) deployed in Apache’s Common Gateway Interface (CGI)
acts as the server of WFS, WCS, and WMS because of its popularity,
high performance, and robustness. In CropScape, a browser client
sends a WMS GetMap request to render map layers, including: back-
ground layer, CDL layers, and political boundary layers, a WMS Get-
FeatureInfo request to query the detailed information of specified
features, and a WFS GetFeature request to retrieve boundary fea-
tures in GML. The boundary features are to be displayed and high-
lighted in the map view. Other operations defined in these OGC
standards can also be accessed by users in their applications to
interoperate with geospatial data deployed in CropScape.

The standard GetCoverage operation in the OGC WCS specifica-
tion supports CDL data retrieval only within a specified bounding
box defined in a spatial reference system (SRS) that is defined by
OGC’s Spatial Feature Access and its corner coordinates. For ad
hoc analysis, the coverage in most cases is a political boundary
such as a state, ASD, or county. These boundaries are usually not
rectangular in shape and are not supported by the GetCoverage
operation. Therefore, a new geoprocessing service named GetCDL-
File is implemented in CropScape to fetch irregularly shaped CDL
data utilizing Federal Information Processing Standards (FIPS)
codes of a state and county or ASD code. Its detailed implementa-
tion is discussed in Section 2.4.2.4.

Similarly, several other geospatial processing services,
GetCDLValue, GetCDLImage, GetCDLStat, ExtractCDLByValues, and
GetCDLComp are developed to provide different special functional-
ities. These services provide common GIS functions which can be
accessed in the browser client and called in other geospatial appli-



Fig. 3. CropScape user interface.
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cations. The GetCDLValue service finds the pixel value at a given
location, and the corresponding category along with the location
and color will be displayed in a popup balloon window in the
browser client of CropScape. The GetCDLStat service computes
the statistical information (crop acreage) of the CDL data defined
by the AOI based on pixel counting. The approximated crop acreage
(not a NASS official estimate) is calculated from the pixel count and
the pixel size. The GetCDLStat service sends the results in JSON for
display in table, pie, and bar charts in the browser client of Crop-
Scape, or for export as a spreadsheet in CSV format. The Extract-
CDLByValues service extracts values of the crops of interest from
the CDL data within the AOI, composes a thematic map only with
the crops of interest and exports it to an image file in GeoTiff for-
mat. The GetCDLImage service generates the preview images of the
customized CDL data and the Keyhole Markup Language (KML) file
with links to actual images that can be displayed in Google Earth.
The GetCDLComp service performs cropland change analysis by
comparing the pixels of the cropland area defined by AOI between
two given years. The results of comparison are sent to the browser
client in JSON, and shown in a table or thematic map.
2.3.3. Data layer
The data layer includes raster, vector, and tabular data. The ras-

ter data includes all historical CDL layers, and a background map
layer. The vector data includes different boundary layers, such as
state, ASD, and county boundaries. The tabular data includes the
USDA NASS county level acreage statistics from the 2007 Census
of Agriculture.

Historical state CDL data range from 1997 to 2010. The spatial res-
olution of the CDL data for crop years 2006–2009 is 56 m. For all other
crop years, the resolution of CDL data is 30 m. From 2009, the spatial
coverage of the CDL encompasses all 48 conterminous states. The
annual state CDL data are mosaiced into a single raster file, converted
to ERDAS Imagine (.img) format, and built into tiled pyramid levels
for better display performance. These data files are served by WMS
to provide images for the CropScape client and other geospatial appli-
cations, and by WCS and WFS to retrieve CDL data within the AOI. The
background map layer, Global Land Cover Data, produced by POSTEL
Service Centre from the European Space Agency (ESA) is also served
by WMS in CropScape.

The vector data, such as the 2010 TIGER/Line Shapefiles for 48
contiguous states and their counties as well as the District of
Columbia, and the ASD boundaries files are served by WMS to
provide the images of these vector layers and to define the AOI
for display. Other feature data such as tabular data of county
level acreage information from the 2007 Census of Agriculture
are served by WFS to query feature information in the browser
client.
2.4. System functionalities implementation with Web services

The application system functionalities were implemented by
integrating and/or reusing existing Web services, including OGC
web services and web geoprocessing services especially developed
for CropScape in the SOA environment.

As indicated in Section 2.3.2, the OGC Web services include
WMS, WCS, and WFS while the specially developed web geopro-
cessing services comprise GetCDLFile, GetCDLValue, GetCDLImage,
ExtractCDLByValues, GetCDLStat, and GetCDLComp. The user inter-
face of each function was implemented in the CropScape applica-
tion client, which is responsible for capturing and sending
parameters and specifications, and requesting messages to the ser-
ver to invoke the service, and receiving and displaying the feedback
results from the server. The invoked service processes the geospa-
tial data layer(s) on the server and sends back the processed results
to the client that requested the services. All geospatial data layers



Fig. 4. Data flow diagram.
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are stored on the server. Some preprocessed data are stored in the
cache directory on the server side for fast response.

The data flow diagram Fig. 4 illustrates the geospatial data pro-
cessing flow and the relationships of data layers, processing ser-
vices and CropScape’s client or other geospatial applications. The
next several sub-sections will provide implementation details for
functional diagram blocks depicted in Fig. 4.

2.4.1. Functionalities implemented with OGC Web services
2.4.1.1. CDL map service. OGC Web geospatial data services like
WCS, WFS, and WMS provide open access to CDL data and other
geospatial data on the CropScape server without storing them lo-
cally. CDL data are served by the standard OGC WMS and WCS ser-
vices using MapServer. Other geospatial applications like ArcGIS
Explorer can access the CDL layers along with the associated leg-
end from CropScape and add them as map layers by sending stan-
dard WMS requests to the CropScape application server. The
detailed information on the selected county or other AOI can be ob-
tained by sending a WMS GetFeatureInfo request to the server. An
example of WMS GetMap request is illustrated in Table 1. Similarly,
CDL data can be discovered, described, and retrieved with the stan-
dard WCS request. Table 1 demonstrates a WCS GetCoverage re-
quest example that obtains the interested CDL data within the
specified bounding box. The feature data such as state and county
boundary layers are served using the WFS and WMS services. The
client sends the WFS GetFeature request to the server to retrieve
the feature data as shown in Table 1. Overall, these standard OGC
Web services greatly facilitate CDL data discovery, access, retrieval,
visualization, and dissemination, and promote its uses in various
applications.

2.4.1.2. AOI definition. Change analysis and statistics calculations
for CDL data for a given AOI are extremely useful for many CDL
data users. The AOI can be defined by specifying a state, ASD or
county from the dropdown list, or by drawing a polygon, rectangle
or circle on the map view. A WFS GetFeature request with the spec-
ified FIPS code or ASD code (as shown in Table 1) is then submitted
to the server to retrieve the boundary of the specified AOI in GML
format, and the retrieved GML string will be drawn and highlighted
in the map view on the browser client. The coordinates of the user-
defined AOI like rectangle, polygon, or circle are transferred to the
server side and stored in a GML file for sub-setting and rasterizing.

2.4.2. Functionalities implemented with Web geoprocessing services
Web geoprocessing services were specifically developed for

CropScape as complements to the OGC Web services. These Web
geoprocessing services, GetCDLFile, GetCDLValue, GetCDLImage,
ExtractCDLByValues, GetCDLStat, and GetCDLComp, were specially
developed to fulfill functionalities such as pixel level information
query, CDL image data dissemination, selecting crops for extraction
and mapping, crop acreage statistics calculation, and cropland
change analysis. These open and standard Web services support
HTTP GET and POST requests with Key–value Pair (KVP) and Sim-
ple Object Access Protocol (SOAP) binding. They can be discovered
and described in Web Service Definition Language (WSDL), a XML
based language, at http://nassgeodata.gmu.edu:8080/axis2/ser-
vices/CDLService?wsdl. The following subsections describe the de-
tails of these Web geoprocessing services.

2.4.2.1. Information query. Interactive information query capabili-
ties are provided to query the crop category and feature informa-
tion in CropScape. This function help users find exactly what
crops were grown and their geographic location in a selected crop
year. The feature information, county name, state name, FIPS code,
total crop acreage, and total irrigated crop acreage, can be retrieved
via WMS GetFeatureInfo request as shown in Table 1. The crop type
information such as category name, category value, and color can
be extracted with a GetCDLValue request as shown in Table 2:

At the client side, query results are displayed in a popup balloon
window when clicking a location of interest in the map view. As

http://www.nassgeodata.gmu.edu:8080/axis2/services/CDLService?wsdl
http://www.nassgeodata.gmu.edu:8080/axis2/services/CDLService?wsdl


Table 1
WMS, WFS, and WCS request examples.

Web
service

Operation Request example

WMS GetMap http://gis.csiss.gmu.edu/cgi-bin/wms_cdlall?service=wms&version=1.1.1&request=getmap
&layers=cdl_2010new&srs=epsg:4326&bbox=-96,40,-90,43&width=800&height=400&format=image/png

WCS GetCoverage http://gis.csiss.gmu.edu/cgi-bin/
cdl_services?service=wcs&version=1.0.0&request=getcoverage&coverage=cdl_2009&crs=epsg:
102004&bbox=130783,2203171,153923,2217961&resx=30&resy=30&format=gtiff

WFS GetFeature http://gis.csiss.gmu.edu/cgi-bin/
wms_conustiger?service=wfs&version=1.0.0&request=GetFeature&typename=conus_counties_d&filter
=<Filter><PropertyIsEqualTo><PropertyName>FIPS</PropertyName><Literal>17195</Literal></
PropertyIsEqualTo></Filter>&outputformat=GML2

Table 2
CDL Web services request examples.

Service Parameters HTTP GET request example

GetCDLValue Year and
location

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLValue?year=2010&x=1551459&y=1909201

ExtractCDLByValues File URL
and values

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/ExtractCDLByValues?file=http://nassgeodata.gmu.edu/
nass_data_cache/byfips/CDL_2010_19169.tif&values=2,5

GetCDLStat Year and
FIPS code

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLStat?year=2010&fips=19015&format=txt

Year and
bounding
box

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/
GetCDLStat?year=2010&bbox=130783,2203171,153923,2217961&format=JSON

GetCDLComp Years and
FIPS code

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLComp?year1=2008&year2=2009&fips=19015&format=CSV

Years and
bounding
box

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/
GetCDLComp?year1=2008&year2=2009&bbox=130783,2203171,153923,2217961&format=JSON

Years and
points

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/
GetCDLComp?year1=2008&year2=2009&points=175207,2219600,175207,2235525,213693,2235525,213693,2219600&format=CSV

GetCDLImage File URL
and PNG
format

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLImage?files=http://nassgeodata.gmu.edu/nass_data_cache/
byfips/CDL_2010_19169.tif&format=png

File URL
and KML
format

http:/nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLImage?files=http://nassgeodata.gmu.edu/nass_data_cache/
byfips/CDL_2010_19169.tif&format=kml

GetCDLFile Year and
FIPS code

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLFile?year=2009&fips=19015

Year and
bounding
box

http://nassgeodata.gmu.edu:8080/axis2/services/CDLService/GetCDLFile?year=2009&bbox=130783,2203171,153923,2217961
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shown in Fig. 5, the table in the balloon window illustrates the
county level agricultural census information of a total of 305,090
acres of cropland and 51,158 acres of irrigated cropland in Cuming
County, Nebraska in 2007.
2.4.2.2. Land cover acreage statistics. Land cover acreage statistics
provides estimated acreage for a defined AOI for a given year based
on pixel counts and pixel size. To capture the geographic location
of different crop types and generate the estimated crop acreage
is an important decision support function.

CDL data for a given year for a given AOI is first identified, and
the acreage of land cover category within the AOI is then estimated
by counting the pixels in each category and changing the pixel
areas to acres using a conversion factor. The statistical information
is returned in JSON format to the CropScape client for display in ta-
ble, pie or bar chart formats, and for exporting to CSV format. The
resultant table can be sorted by pixel value, category, pixel counts,
or acreage. The bar and pie charts make the statistical data more
visually informative and interesting.
Through the ExtractCDLByValues service call, as shown in Table
2, the selected crop type(s) from the table can be previewed and
exported in GeoTiff format for future uses in other geospatial soft-
ware. Fig. 6 shows a table of statistical results of Lee County, Iowa.

The GetCDLStat service is developed to provide service for Web
requests from other applications. Requests with the crop year and
FIPS code or bounding box coordinates (as shown in Table 2) are
processed on the server side, and statistical information (for exam-
ple, value, category name, and acreage) is returned in JSON, plain
text or CSV format.
2.4.2.3. Change analysis. The objective of GetCDLComp service is to
analyze land cover changes by comparing CDL data in two different
years. As shown in Table 2, the differences of the land cover (as
characterized by CDL data) between two selected years can be ob-
tained. For any given two years with different spatial resolutions,
the defined CDL AOI with higher resolution is resampled using
the nearest neighborhood interpolation method to the same reso-
lution as the one with lower resolution.

http://com.gis.csiss.gmu.edu
http://com.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.gis.csiss.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://nassgeodata.gmu.edu
http://nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu
http://www.nassgeodata.gmu.edu


Fig. 6. Statistical information of CDL within AOI.

Fig. 5. County information display.
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The comparison results including category change, pixel counts,
and estimated acreage are returned in JSON format for display in
the table. Similarly, the results can be exported into CSV format,
and previewed in the image and exported as a GeoTiff. In addition,
the selected change in the comparison results table can be pre-
viewed and exported. As seen in Fig. 7, the cropland changes from
soybeans in 2008 to corn in 2009 and their extent and distribution
are captured.

2.4.2.4. CDL data download and export. CropScape offers different
options for CDL data download to address the special needs of dif-
ferent users. Those who are interested in CDL data for all states can



Fig. 7. Specified change preview (from soybeans to corn).
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specify a specific crop year only and download the corresponding
compressed file at the CropScape client, or download the com-
pressed CDL data file directly by accessing the file link (e.g.
http://nassgeodata.gmu.edu/nass_data_cache/tar/2010_cdls.tar.gz)
via browser or ftp software.

Those who want CDL data for a given AOI can specify the avail-
able crop years for an AOI, the preferred projection, and whether to
compress the output file, and then submit their requests. The out-
put CDL file can be previewed interactively, downloaded in GeoTiff
format for analysis in other software or exported in a KML file.
Google Earth will automatically be invoked if an open option is se-
lected in the exporting process as shown in Fig. 8. Legends for crop
categories are also injected into the KML file for interpreting crop
type and spatial patterns of crops in Google Earth. The GetCDLIm-
age service can be invoked in other applications to obtain the pre-
view image or the KML file by sending the requests as seen in Table
2.

For those users who want to use CDL data in their applications
or work flow directly, the GetCDLFile service is implemented in
CropScape for requesting CDL data. HTTP GET requests with crop
year and FIPS code or bounding box coordinates (as indicated in
Table 2) are processed on the server side. When receiving the re-
quest with year and FIPS or ASD code, the GetCDLFile service sub-
mits a GetFeature request internally with this code filter to the
WFS service. The GML file returned is kept in a specified directory
on the server side. When handling requests with year and bound-
ing box, the bounding box coordinates are also stored in a GML file.
These GML files are to be used in the process of sub-setting and
rasterizing CDL data for the given year. The URL of the output file
will be returned for downloading and future use in XML.

These CDL data dissemination options offered in CropScape greatly
facilitate CDL data application in the agricultural community.
3. Results

The implemented CropScape was officially released on January
10, 2011. It provides a user-friendly web browser-based client side
interface with effective online geospatial capabilities of CDL data
access, navigation, query, visualization, analysis and dissemina-
tion. Moreover, its standard Web services extend the reach of
CDL data and CropScape functional services. These web services
and browser-based online capabilities have been widely utilized
by many users in their geospatial applications, and provided fast
and useful agricultural information for decision support. In the
next two subsections, two CropScape applications are illustrated.
3.1. CDL data mash-up via Web service

Many CDL users have utilized CDL WMS services and KML files
from CropScape to mash-up CDL data with their own online base
maps or local geospatial data and integrate the Web services of
CropScape with their own Web applications to create and share
the customized maps, and exploit the valuable information.

http://www.nassgeodata.gmu.edu/nass_data_cache/tar/2010_cdls.tar.gz


Fig. 8. Display in Google Earth.

Fig. 9. The inundated area (delineated AOI) and its acreage statistics in Mississippi County, Missouri in 2010 CDL using CropScape.
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One such example application is the Bioenergy Knowledge Dis-
covery Framework (KDF, https://bioenergykdf.net/) funded by US
Department of Energy. KDF aims to build a collective knowledge
system to visualize and analyze vast amounts of information and

https://www.bioenergykdf.net/
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support the bioenergy industry. Shortly after CropScape launched,
KDF started to utilize CropScape’s WMS services to serve CDL data.
KDF has registered the CDL WMS service as one of land cover and
cropland data sources in its data library. CDL data can be discov-
ered, selected, and displayed as one important supporting dataset
in the KDF online system. The layer of Renewable Fuels Association
(RFA) Biorefinery Locations (Renewable Fuels Association, 2011)
and 2010 Cropland Data Layer are added together in KDF to display
the spatial distribution of biorefineries and crops in the Midwest-
ern United States (Midwest). Most of these biorefineries are corn-
based. The Midwest is the major corn growing region in the US, and
provides a large and constant supply of corn biomass. CropScape
provides the detailed spatial distributions of specific bioenergy
crops along with their location across the US and can be leveraged
for energy security decision support (e.g. biorefinery site selection).

The standard Web services developed in CropScape extend the
reach of CDL data. These services have been widely utilized by
many users in their geospatial applications, and provided the fast
and useful agricultural information for decision support.

3.2. CDL data application via CropScape

A practical CropScape application example used CDL data with-
in CropScape for the 2011 Mississippi River flood disaster assess-
ments. In early May 2011, the US Army Corps of Engineers
proposed to explode a large section of a Mississippi River levee
near the town of Wyatt, Missouri, the so called the Bird’s Point-
New Madrid floodway in order to reduce the threat of major flood-
ing from the swollen Mississippi and Ohio Rivers in nearby Cairo,
ig. 10. May 2011 flood in Mississippi County, Missouri. (a) May 7, 2010 LandSat image shows no flood; (b) May 10, 2011 LandSat image illustrates flood inundation in
ississippi County after levee breach.
F
M

Illinois. The blasts would likely unleash a muddy torrent of water
into farmland and around evacuated homes in Mississippi County,
Missouri. However, the loss caused by farmland and homes inun-
dated was one of the most critical decision support factors whether
or not to support such a proposal. Therefore, the acres of prime
Missouri farmland that might be flooded and the number of homes
that would be destroyed had to be predicted to properly estimate
the potential loss. Missouri Congresswoman Joann Emerson also
requested the Food and Agricultural Policy Research Institute, Uni-
versity of Missouri, to provide an after-the-fact assessment of the
potential crop loss value from the Bird’s Point Levee breach on
May 2, 2011 (Brown et al., 2011). This information proved critical
for further disaster relief decision making and operational efforts.

In the assessment, NASS data and tools, most prominently Crop-
Scape and CDL data were utilized. Both analysts at the NASS Mis-
souri Field Office and researchers at the University of Missouri
used CropScape to assess the cropland loss caused by flood inunda-
tion. As shown in Fig. 9, the 2010 CDL was selected for assessment
and the AOI polygon function was used to define the predicted to
be (or already) inundated cropland area as the area of interest in
Missouri’s Mississippi County. Fig. 10 illustrates the actual May
2011 flood in Mississippi County, Missouri. Fig. 10(a) shows the
May 7, 2010 Landsat image which depicts no flooding while
Fig. 10(b) May 10, 2011 image illustrates flood inundation in Mis-
sissippi County after the levee was breached. As shown in Fig. 10,
the inundated area after levee breach is consistent, in most loca-
tions, with the predicted area as shown in Fig. 9.

With the area of interest defined, the statistics function was
then invoked to estimate acreages of all crops grown in the inun-
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dated area of interest in 2010 based on pixel counting. The esti-
mated crop acreage results were summarized as shown in Fig. 9.

The value of the previous year’s crops that were in the inundated
area could be estimated by applying the 2010 season average prices
to the AOI-defined inundated area. In this assessment, it was as-
sumed that all soybean and corn fields were completely rotated,
that is to say, every acre of corn was planted to soybeans and every
acre of soybeans was planted to corn. The projected current year
crop acreage could then be deduced from last year’s results with
this assumption. The number of acres that had already been planted
and the number of acres that would not be planted could be esti-
mated by using the current year Crop Progress and Condition survey
data. Assuming 2011 season average crop prices remain at the same
level as 2010, the value of crops in the inundated area defined by the
AOI could ultimately be determined. The estimated loss of crop va-
lue provided a solid foundation for flood disaster mitigation and
decision support analysis. This case study manifests that CropScape
is an effective decision support tool that can help decision makers
efficiently access, retrieve, and analyze critical crop acreage infor-
mation and make knowledgeable science-based decisions.
4. Discussion

CropScape has provided considerable public service to the US
agricultural and scientific communities since its official release
on January 10, 2011. By May 10, 2011, over seventeen thousand
users have visited the website from federal, state, and local govern-
ments, companies, academic institutions, and non-profit organiza-
tions in just five months. Over 200 GB of CDL data was downloaded
in multiple ways by users each month.

CropScape delivers, for the first time, online geospatial CDL data
access, navigation, query, visualization, and analysis using interac-
tive maps in the public domain. Moreover, this application offers
various Web services for users to discover, access, invoke, inte-
grate, and execute remotely. The standards-based geospatial Web
services enable automated delivery of custom CDL products to
our customers. Users can reuse, integrate, and execute CropScape
Web services with distributed geospatial web services from differ-
ent sources. The capability of exporting CDL data directly to popu-
lar Google Earth enriches spectrum of users’ geospatial toolboxes.

CropScape not only greatly saves the expense of printing and
shipping media and facilitates low carbon geospatial cropland
information delivery for decision support, but also significantly im-
proves the efficiency and effectiveness for agricultural related deci-
sion support. CropScape’s capability of generating standard State
and county cropland maps and exporting maps to pdf files great re-
duces NASS staff’s burden of map production and help NASS tran-
sition into an electronic-map era.

CropScape’s various data visualization and geospatial data
query tools provide users with easy, capable, and useful online
functionality for data visualization and geospatial query without
special geospatial software installation nor any geospatial informa-
tion system skills and experience required. The overall perfor-
mance of CropScape is fine-tuned though it is primarily
dependent on the internet speed and traffic. CropScape’s perfor-
mance can be further improved by moving it to a more powerful
server cluster or moving it to Cloud computing platform.

In the future, more CropScape capability enhancements are
needed to meet different customers’ requirements. The capabilities
of adding customer’s data layer(s) at the client side, measuring
length and area, adding map notes with multiple shapes and infor-
mation inputting, supporting WMS layers from other providers,
and controlling data layer display order will be developed in Crop-
Scape to enrich its functions and provide better decision support to
users.
5. Conclusions

This paper presents an overview of the architecture and design
of CropScape, a service-oriented Web application providing
geospatial data and analytic services to users. The CropScape appli-
cation proves that state-of-the-art geospatial information technol-
ogies are effective and efficient in enhancing open access to,
visualization of, online analysis of, and dissemination of agricul-
tural geospatial information. The OGC standards compliant design
makes CropScape open and interoperable with third party applica-
tions, thereby increases utility of the CDL data and interactivity
with outside applications. The CropScape application case studies
demonstrate that the CropScape Web application system facilitates
greater utilization of agricultural geospatial information for agri-
cultural business and emergency response decision support. The
performance of CropScape is acceptable even though the huge
volume of raster format CDL data and boundary data layers are
served over internet.
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