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Abstract—There are many important publicly available agricul-
tural geospatial data products for the agriculture-related research,
applications, and educational outreach programs. The traditional
data distribution method cannot fully meet users’ on-demand
geospatial data needs. This paper presents interoperable, stan-
dard-compliant Web services developed for geospatial data access,
query, retrieval, statistics, mapping, and comparison. Those stan-
dard geospatial web services can be integrated in scientific work-
flows to accomplish specific tasks or consumed over the Web to
create value-added new geospatial application by users. In addition,
this paper demonstrates, via real world use cases, applications of
those services and potential impacts on facilitating geospatial
Cropland Data Layer (CDL) retrieval, analysis, visualization, dis-
semination and integration in agricultural industry, government,
research, and educational communities. This paper also shows that
the geospatial Web service approach helps improve the reusability,
interoperability, dissemination, and utilization of agricultural geos-
patial data. It allows for integratingmultiple online applications and
different geospatial data sources, and enables automated retrieving
and delivery of agricultural geospatial information for decision-
making support.

Index Terms—Cropland Data Layer (CDL), CropScape,
geospatial web service, geospatial data sharing and
interoperability, service chain.

I. INTRODUCTION

A GRICULTURAL geospatial data products (such as irri-
gation data, soil survey data, and cropland data) are

widely used in many research areas, ranging from agricultural
sustainability, food security, and biodiversity, to natural re-
sourcesmonitoring, disaster assessment, carbon accounting, bio-
energy, etc. The original geospatial data can be obtained from
Web sites, such as Geospatial Data Gateway (GDG) of the
United StatesDepartment ofAgriculture (USDA), in a traditional
manner of “searching—selection—ordering—downloading—
processing.” This time-consuming data disseminating process

does not provide a direct channel for users to retrieve and
customize geospatial data and information at different spatial
scales for agricultural assessment and analysis [1].

The International Organization of Standardization (ISO), the
Open Geospatial Consortium (OGC), and other international
organizations have published a series of geospatial information
standard specifications that have been widely adopted by the
geographic information science community to provide open
geospatial data and processing services. However, the agricul-
tural community has not applied these harmonized specifications
adequately in agricultural geospatial data distribution, and has
not exploited their benefits in the sharing and interoperability of
geospatial data and services. The Research and Development
Division of the National Agricultural Statistics Service (NASS)
and the Center for Spatial Information Science and Systems
(CSISS) of GeorgeMason University jointly developed an online
geospatial application, named CropScape (http://nassgeodata.
gmu.edu/CropScape/), which allows users to navigate, custom-
ize, visualize, and analyze on-demand Cropland Data Layer
(CDL) data interactively and intuitively [2]. This Web applica-
tion successfully utilized the geospatial standards in agricultural
geospatial data distribution and analysis in considering the huge
benefits of those standards.

CropScape has been extensively utilized by policy and deci-
sion makers, scientists, researchers, educators, and farm produ-
cers in research and operational applications since its official
release in January, 2011. However, the ever increasing demand
from users of the agricultural and other communities for provid-
ing on-demand CDL data and enhanced analytical capacities in
an open and interoperable environment have to be addressed.
The enhancements need to support machine-to-machine and
man–machine interactions over the Web for processing, analyz-
ing, and disseminating CDL data. More importantly, there is a
growing demand to leverage these CDL data, information, and
services automatically in third party geospatial applications,
geospatial models, or geoprocessing workflows. Therefore, the
implemented geospatial Web services need to be further im-
proved to disseminate and analyze the CDL data in an open and
standard manner. The functionalities of CropScape have been
described in details [2]. This paper will focus on the CropScape’s
geospatial Web services and workflows and their applications.

The remainder of this paper is organized as follows. Section II
introduces the related works. The geospatial Web services for
the CDL data is described in Section III. Section IV gives
examples of consuming these services in various cases. SectionV
discusses these services applications and future work, and
summarizes the conclusions.
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II. RELATED WORKS

A. Geospatial Web Services

ServiceOrientedArchitecture (SOA) has beenwidely adopted
as a modern and agile approach to build composite applications
in the distributed environment for its advantages in flexible
system development, software components reuse, just-in-time
integration, and cross-platform interoperability [3]. SOA offers
an innovative approach to integrate the discoverable and inter-
operable Web services across organizations as the functionality
of Web applications [4].

The World Wide Web Consortium (W3C) defines a series of
standards of Web services, such as Web Services Description
Language (WSDL) and Simple Object Access Protocol (SOAP).
These standards have been widely adopted in the business
world. OGC has developed numerous specifications for easy
access and processing geospatial data to meet and exceed user
expectations [5]. Among those specifications, geospatial data
services generate the customized geospatial data according to
user-specified parameters, and geospatial processing services
offer data processing and analysis functions. For example, the
Web Coverage Service (WCS) provides standard interfaces to
geographical coverage; the Web Map Service (WMS) handles
geospatial data rendering; the Web Feature Service (WFS)
manipulates feature-level geospatial data creation, updating,
and exchange; and the Web Processing Service (WPS) offers
standard interfaces for discovery, publishing, and binding to
geospatial process.

GeospatialWeb services enable users to utilize geospatial data
and computing resources available online and to automate
geospatial data integration, processing, and analysis [6]. Infra-
structure for Spatial Information in Europe (INSPIRE) Data
Specifications Special Interest Group released the draft technical
guidelines of data specification on agricultural and aquaculture
facilities. The ISO and OGC standards were included in the
guidelines to achieve interoperability [7]. AgroXML is a stan-
dardized language for data exchange between farm management
information systems, and has been adopted in many agricultural
projects in Germany and the European Union.1 Agriculture and
Agri-Food Canada (AAFC) offers agricultural related maps,
geospatial data, and applications, which cover land, soil, water,
climate, biodiversity, as well as agricultural census information,
on its website.2 WMS was adopted to serve several geospatial
data products (e.g., the 1967 and 2000 Plant Hardiness Zones
data), and provided users with graphic pictures of the requested
map layer(s). A Web-based decision support tool integrating
multiple types of key services was built for monitoring agricul-
tural and ecosystem services in Tanzania [8]. Zhao et al. tried to
build a prototype geospatial Web portal framework using OGC
geospatial standards to make the agricultural statistics data
discoverable, retrievable, and analyzable in the geographic
context [9]. A geoprocessing service approach was proposed to
integrate distributed geographical information services [10]. Soil
Webwas built to distribute the digital soil survey products for the
states of California, Arizona, and Nevada in multiple types of

interface, including WMS and WFS services, and Web service
Application Programming Interface (API) for soil survey infor-
mation query [11]. Although many agricultural geospatial data
portals have been built, most of them are not designed from the
data and GIS analyst’s perspective [12].

B. CDL Data

Most agricultural geospatial data products, such as the CDL
data, are public information, and are provided freely for social,
academic, and scientific purposes. The CDL data, derived from
mid-resolution satellite data, Common Land Unit data, adminis-
trative data, and annual agricultural survey data, provides the
specific crop and other land cover classifications encompassing
the Contiguous United States (CONUS) in a geo-referenced
raster dataset [13]. This valuable geospatial cropland product
has been produced by NASS since 1997, and covered all 48
conterminous states and the District of Columbia from the crop
year of 2008. The CDL data has been used as an important data
source in agricultural related research fields, such as pesticide
control [14], land cover monitoring [15], biomass monitoring
[16], crop rotation [17], bioenergy crop inventory [18], and
carbon accounting [19].

Previously, the CDL data could be downloaded only at the
state level in a compressed form from the NASSwebsite or GDG
from the USDA Natural Resources Conservation Service
(NRCS). To obtain the CDL data for a study area (e.g., a
watershed or an agricultural region), geospatial data processing
has to be performed on the original files using the traditional
desktop GIS software. The entire process requires GIS software
and expertise, and is time consuming. A new data dissemination
applicationCropScapewas proposed to streamline the process of
accessing, disseminating and using the CDL data.

C. CropScape

Funded by NASS, CropScape was developed to provide CDL
users with useful functions of online visualization, geospatial
navigation and querying, reformatting and transformation, de-
lineation of area of interest, on-the-fly data analysis, on-demand
data processing and dissemination, thematic map creation, etc, in
an SOA environment. CropScape helps CDL users avoid the
burden of installing geospatial visualization and analytical soft-
ware or tools, and also allows them to access, visualize, retrieve,
and analyze the CDL data at any geographic level through an
intuitive user interface. According to our statistics, thousands of
users from federal, state, and local governments, companies,
academic institutions, and nonprofit organizations have visited
this Web application. CropScape revolutionizes the traditional
CDL data distribution channels, and greatly improves CDL
data publishing, accessing, dissemination, and applications.
CropScape was listed as one of the “highlights of Agency Open
Government IT Accomplishments that improve citizen engage-
ment” in the FY 2011 Report to Congress on the Implementation
of The E-Government Act of 2002 [20].

In CropScape, WCS, WFS, and WMS were configured to
support geospatial data retrieval and rendering in a standard and
interoperable manner. The operations of these geospatial data
services were called on either the server side or client side of

1AgroXML: http://www.agroxml.de.
2Agriculture and Agri-Food Canada: http://www.agr.gc.ca/index_e.php.
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CropScape [2]. Users required that more map layers were served
by these standard services, so that they could easily leverage
them in other geospatial applications or desktop GIS software
like ArcGIS. For example, the function for fetching CDL data
within any specified area, particularly the area defined by the
uploaded boundary file, was highly demanded to be exposed as
standard Web services to support location-specific agricultural
research and applications. Moreover, other useful analytical
functions such as statistical calculation, change analysis, and
thematic map creation were increasingly demanded by users for
using these functions in other applications or even dynamic
models [21]. The details of how to meet these requirements are
given in Section III.

III. GEOSPATIAL WEB SERVICES OF CROPSCAPE

A. System Architecture

The general architecture of CropScape is shown in Fig. 1.
A detailed description of the architecture can be found in
reference [2]. Here, only the components related to the geospatial
Web services are described.

Following standard data encodings and service interfaces,
open source MapServer software was used to serve geospatial
raster and vector data in the services ofWCS,WFS, andWMS in
consideration of its popularity, high-performance, and robust-
ness. W3C Web service was adopted in the implementation of
Web geospatial processing services, owing to the fact that it has
been widely used as an industry standard. Apache Axis2 was
chosen as the runtime environment for these processing services
for its efficient, modular, configurable, reliable and secured

framework [22]. Geospatial Data Abstraction Library (GDAL)
and two-dimensional (2-D) graphic Library Cairo were utilized
to develop executable programs; these programs were then
wrapped as a standard Web service named CDLService using
Axis2 API to avoid redundant programming.

Fig. 1. Overall CropScape architecture (improved from [2]).

TABLE I
MAP LAYERS LIST

aCreated from the latest 2013 TIGER/Line Shapefiles (http://www.census.gov/
geo/maps-data/data/tiger-line.html).
bCurrently, only the projection of USA Contiguous Albers Equal Area Conic
(USGS version) and World Geodetic System (WGS) 84 (EPSG:4326) are
supported by these data services.
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B. Geospatial Data Services

In the initialversionofCropScape, tworasterdatasets (CONUS
CDL and global land cover) were served using WMS and WCS,
and all boundary layers (state, Agricultural Statistical District
(ASD), and county) were served using WMS and WFS. These
data services were deployed on a single server for both
CropScape application and outside applications. It was found
that theCropScape’s performance and reliabilitywere not accept-
able. Moreover, the CDL data for each CONUS state and other
contextual map layers (such as roads and rivers) were required
to be included in these OGC services. To guarantee system
performance, twohighpoweredserversweresetupforCropScape
operationaluseand theMapServerwasconfiguredonbothservers
to handle raster data and vector data, respectively. In addition,
two additional serverswere used for outside applications usewith
the same configurations as those for CropScape use.

The detailed information ofmap layers provided inCropScape
is given in Table I. WMS and WCS services were configured to
serve not only the CDL files of the whole CONUS, but also the
CDL files of each available individual CONUS state. Users can
choose the services for the state of interest to them.Moreover, the
crop mask layer was also served by WMS and WCS services.

Users can apply the cropmask to focus their data exploration and
analysis on the agricultural areas only. Similarly, the boundary
layers on a CONUS and state scale can be accessed from WFS
and WMS services. The CDL data and other map layers at a
specified state can be explored inWeb browser at the CropScape
URL with state abbreviation (e.g., http://nassgeodata.gmu.edu/
CropScape/IA). The road and water layers served by WMS and
WFS were added as auxiliary layers to locate the specific area of
interest (AOI). The detailed service description and request
examples of these layers can be found in the Developer Guide
of CropScape [23]. Users can utilize these services in OGC
compliant software to retrieve the data layers for analysis and
supplement visualization by overlaying them with other data
layers.

C. Geospatial Processing Services

WCS GetCoverage request and WMS GetMap request
return only grid data or images within a specified spatial extent
defined by a bounding rectangle. The study area in most cases is
normally an administrative or ecological region, such as a
watershed area with an irregular shaped boundary. To facilitate
CDL data applications and to better serve CropScape customers,

TABLE II
CDLSERVICE OPERATIONS LIST

aAll coordinates in the inputs must be in the projection of USA Contiguous Albers Equal Area Conic (USGS version).
bThe feature vector file in the inputs can be a GML file or a compressed ESRI Shapefile (the. shp,. shx,. dbf, and. prj files must be contained and compressed without
directory path in a. zip file).
cThe output text formats include CSV, JSON, and TXT.
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a geospatial processing service, CDLService, was developed
and extended to disseminate and analyze customized cropland
and other land cover information in a more efficient and more
flexible manner, and make machine to machine interactions
possible.

CDLService provides seven operations on query, retrieval,
statistics, mapping, and comparing of the CDL data, including
GetCDLValue, GetCDLFile, GetCDLImage, ExtractCDLBy-
Values, GetCDLStat, GetCDLComp, and GetCDLPDF. The
WSDL of CDLService can be found at http://ws.csiss.gmu.
edu:8080/axis2/services/CDLService?wsdl. The descriptions,
input parameters, and output parameters of existing operations
are listed in Table II.

These operations were wrapped from the corresponding exe-
cutable programs that were built fromGDALandCairoAPIs and
utilities. For example, an executable programwas built to capture
the specified crop types or crop changes (e.g., from corn to
soybean) and export them in a raster file using the operation of
ExtractCDLByValue (The major crops information in the CDL
data is listed in Table III). In this program, GDAL API functions
for opening the raster file, getting the dataset information,
fetching the selected band and reading the raster data are first
called to retrieve data information from the CDL file. Next,
GDAL CreateCopy() function is called to create a new writeable
raster file with the collected information, such as resolutions,
color table, projection, etc. Then, the specified crop values are
filled in the corresponding grid cells of the output rater file using
GDAL raster I/O functions. Finally, the link of the new raster file
will be returned in a response message by the operation of
ExtractCDLByValues.

The performance of the CDLService once was one of
the biggest issues for real world operation. To improve the
CDLService performance, file caching was used in implement-
ingCDLService. TheCDLfiles, statistics results (in JSON,CSV,
or TXT format), preview images, and KML files for the specified
area with defined code in a given year are generated and saved

with unique filenames identified by year and code on the server
when the first user requests data information from CropScape
portal or CDLService service client. For the same data requested
later by user(s), no repetitive processing will be performed and
these file links will be returned promptly.

Users can consume CDLService by sending standard HTTP
GET, HTTP POST, or SOAP requests. They can enter a simple
HTTPGET request like http://nassgeodata.gmu.edu:8080/axis2/
services/CDLService/GetCDLStat?year=2012&fips=19&
format=csv in a Web browser, to get the quick answers of the
questions, such as “What were the top three land cover categories
in Iowa in 2012?” An example of SOAP request and response is
shown in Fig. 2. It requests for crop statistics of two neighboring
counties of Iowa, Adams County (FIPS code: 19003) and Cass
County (FIPS code: 19029) in 2011, and export the statistical

TABLE III
MAJOR CROP CATEGORIES IN THE CDL DATA

Fig. 2. SOAP request and response example.
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results in a CSV file. More examples can be found from the
CropScape Developer Guide [23]. It should be indicated that
these web services and analytical functions can be integrated
with other geospatial applications, or be composed in aworkflow
to accomplish the specialized tasks.

IV. USE CASES

GeospatialWeb services for CDL data and processing provide
agricultural and other communities as well as the general public
reliable and accessible interfaces to cropland information and
useful analysis services. The following real world examples
illustrate the practical usefulness of these services.

A. Geospatial Data Mash-Up

One successful application example is the use of CDL data
service in the Bioenergy Knowledge Discovery Framework
(KDF, https://bioenergykdf.net/). KDF lists the CDL WMS
service as one important supporting dataset in the category of
land cover of its library so that the CDL layer can be loaded with
other bio-energy layers (e.g., bio-refinery locations) in the KDF
online system for decision making support with regard to
development options for biomass feedstock production and bio-
refinery infrastructure [2]. Another example is integrating the
CDL WMS layers and query service in the Plan East Tennessee
(PlanET) project, a five-county (Anderson, Blount, Knox,
Loudon, and Union) regional plan. A Web map application
using ArcGIS JavaScript API is being constructed to integrate
social, economic, and natural resources related data layers
together inWGS84WebMercator Projection, as shown in Fig. 3.
The CDL WMS layers for Tennessee are leveraged in the
application to monitor changes in farming related land uses.
GetCDLValue is called to display land cover category at the
clicked point. The point coordinates inWebMercator Projection
are sent to Project operation of ArcGIS Geometry service
and transformed to ones in USA Contiguous Albers Equal
Area Conic (USGS version) Projection. Then the converted

coordinates, along with the specified year, are delivered to
GetCDLValue service in a PHP program. Next, the service
response is parsed and the land cover category at the point is
retrieved. Finally, the formatted information is displayed in a
popup message box.

These CDL geospatial data services have been registered in
Components and Services Registry (CSR) system of the Global
Earth Observation System of Systems (GEOSS), and contributed
to the development of the operational global agriculture moni-
toring and analysis system [24]. In the Fifth Phase of GEOSS
Architecture Implementation Pilot (AIP), the CDL WCS and
WMS services were utilized with other OGC data services for
administrative districts, elevation data, and drought indices from
various sources in the Agriculture Societal Benefit Area (SBA)
demonstration of a real scenario of drought impacts on crops in
the United States in 2012.3

The CDL WMS service has been collected in Spatineo’s
directory. The Spatineo (http://www.spatineo.com/) is a Web
application of monitoring and reporting quality and performance
of geospatial Web service. The Spatineo’s latest monitoring
report shows that the CDLWMShas a superior quality of service
with 99.5% availability during the year of 2013.

B. Geospatial Processing Service Applications

CDLService was developed as a standard Web service for
geospatial processing. It provides operations of cropland
information query, customization and retrieval, statistics and
reporting, change analysis, and thematic map creation. These
operations are openly available and can be easily integrated with
other geospatial analytical and simulation applications as part
of product life cycle, and/or be composed in a workflow with
other Web services to accomplish customized specific tasks.

1) Geospatial Modeling: Researchers at the Agricultural
System Research Unit of the USDA Agricultural Research
Service (ARS) requested to integrate crop statistical information
with other inputs in a Web-service based tool to detect crop
rotation patterns over years in several ecosystem response units
(ERUs). To generate crop rotation input files for the component-
based AgroEcoSystem-Watershed (AgES-W) model, which is a
spatially distributed agroecosystem model, they developed a
web service based Java tool called the Crop Rotation and
Management Builder (CRMB) [21]. In CRMB, GetCDLStat
of CDLService was first invoked to obtain main crop
information for the specified years and the uploaded vector
files of ERUs. GetCDLFile was then requested to get the
CDL file for these ERUs. The CDL raster files were
reclassified according to the ground truth data of crops. Next,
the classified crops with the largest area for a specified year were
selected to detect crop rotation for each polygon unit from the list
of possible crop rotations such as corn-soybean or continuous
corn cropping. The crop rotations were then mapped to the
correct information in the Land Management and Operation
Database (LMOD) of USDA NRCS using the LMOD web
services. Finally, the LMOD information combined with crop
information from CDLService were constructed into the input

Fig. 3. Example of integrating CDL web services.

3AIP-5 agriculture societal benefit area demo: http://www.youtube.com/
watch?v=_zxJu1H3mPk#t=123.
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files of the AgES-W model. The proposed CRMB tool has been
tested successfully in the Scott Field test site in eastern Colorado.

2) Scientific Workflow: Web services can be composed in a
workflow with the Business Process Execution Language
(BPEL) for Web Services. BPEL engine creates a new
instance of process when receiving the SOAPmessage and starts
to invoke each service in the process based on its WSDL [25].
The process defined in the BPEL is described in WSDL.
Therefore, the composed workflow can be exposed as a new
Web service. CDLService can be easily integrated in the
automated process by complying with these Web service
standards. As a demonstration of BPEL application, a use
case of generating crop distribution map is given as follows.

Eclipse BPEL Designer was used to compose the related
operations of CDLService in a workflow. This workflow was
designed as a simple synchronous BPEL process. The compo-
nents of actions were dragged and dropped on the diagram of
workflow as shown in Fig. 4. And the sequence diagram of
information flows is illustrated in Fig. 5.

CDLBPELInput (year, FIPS code, crop values, and output
format) was created to handle the input parameters of the whole
process. Year and FIPS code of CDLBPELInput were first
assigned as the input variables of the GetCDLFile operation.
Next, the CDL file link exported from theGetCDLFile operation
and crop values of CDLBPELInput were assigned as the input
variables of the ExtractCDLByValues operation, and this opera-
tion’s output and the CDLBPELInput output format were then
assigned as the input variables of the GetCDLImage operation.
Finally, the output link of the GetCDLImage operation was
assigned toCDLBPELOutput, the output parameter of the whole

process. A newWeb service of generating crop distribution map
is consequently created from this service chain. This process can
be deployed on workflow engine like Apache Orchestration
Director Engine (ODE), or BPELPower that supports both W3C
and OGC Web services [26], [27]. A SOAP message with year
(here is 2012), FIPs code (i.e., 19163), crop values (1 means
corn), and output format (i.e., KML) was configured to produce
the 2012 corn distribution map of Scott County, Iowa, in a KML
file from this process, as shown in Fig. 6(a).

U. S. DroughtMonitor (http://droughtmonitor.unl.edu/) offers
weekly drought information across the United States and Puerto
Rico in multiple output formats, like ESRI Shapefile, GML, and
KMZ. Drought data in Iowa on August 21, 2012 from US
Drought Monitor can also be processed with a workflow and
the results in KMZ can be exported into Google Earth. The
workflow process generated Iowa crop data in KMZ file can be
downloaded and exported into Google Earth with the above
KML file to display which corn planting areas were affected by
the 2012 Midwest drought [as shown in Fig. 6(b)] and convey
useful information for further assessment and analysis.

V. DISCUSSION AND CONCLUSION

The geospatial Web service approach not only extends the
reach of agricultural geospatial data products, but also promotes
analytical and exploratory functionality related to agricultural
research. The standards-based geospatial Web services can be
easily discovered, accessed, and integrated by other geospatial
applications to exploit the useful agricultural geospatial data
products, and make agricultural geospatial data products such as
the CDL data truly open and interoperable.

High-quality, efficient, and effective geospatial Web services
for agricultural geospatial data are highly expected by end users.
Taking the CDL data as an example, this paper presents the
detailed information on geospatial data and processing services
alongwith their practical applications to demonstrate its potential
impacts on improving geospatial cropland information retrieval,
analysis, visualization, dissemination, and integration. These
standard geospatial services can be commingled with services
from other sources to build new applications, or be used as one

Fig. 4. Workflow design.

Fig. 5. Sequence diagram.
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part of a complex model in a workflow to accomplish particular
tasks. As shown in this paper, using workflow to chain Web
services together will greatly enhance the capability of Web
service to accomplish complicated geospatial data processing,
visualization, and analysis. It allows for integrating multiple
online applications and different geospatial data sources viaWeb
services.

The limited capacity of current servers and networks has
become the bottleneck for further promoting CropScape along
with its geospatial Web services in large scale real-time applica-
tions, especially for the concurrent requests of retrieving and
analyzing geospatial data with large areas of interest. The
feasibility of migrating them to a powerful server cluster or a
cloud computing environment is being assessed. In addition, the
lightweight RESTful Web services for geoprocessing are being
developed to meet users’ requirements and expectations. A
general framework derived from CropScape for agricultural
geospatial data products distribution and analysis is under
development. Furthermore, publishing CDL data as a resource
oriented service according to the principles of RESTful services
and Linked Open Data is ongoing [28].

In summary, the geospatial Web service approach facilitates
the interoperability among different Web Applications, enables
automated delivery of agricultural geospatial data and analytical
services to the agricultural community and general public, and
facilitates better utilization of geospatial information in agricul-
tural related decision making.
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