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Abstract 
This paper presents an investigation about the availability of standard 
geoprocessing services and its use in the geosciences domain. To do 
that, the web has been crawled in March 2011 to find the servers 
available conforming to the Web Processing Service interface 
specification published by the geospatial standards organization Open 
Geospatial Consortium (OGC), which gives support to standard Web-
based geoprocessing. The research goals are (i) to provide a reality 
check of the availability of Web Processing Service servers, (ii) to 
provide quantitative data about the use of different features defined in 
the standard that are relevant for a scalable Geoprocessing Web (e.g. 
long-running processes, Web-accessible data outputs), and (iii) to test 
the capability for finding Web services in the geoscience domain.  
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1   Introduction 
 
Online geoprocessing systems offer access to spatial computations (e.g. coordinate 
transformations, orthorectification), thematic computations (e.g. geoparsing, 
geocoding), temporal computations (e.g. change detection, temporal proximity) and 
metadata computations (e.g. statistical calculation, geographic annotation). The 
complexity of those processes varies from typical large-scale geospatial 
computations involving substantial amounts of data to very simple transformations 
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of data. Wrapped as Web services, geoprocessing systems can offer additional 
features supported by other components, such as persistent storage of outputs and 
transference of data over networks. The geospatial community realizes that 
providing standard Web access to geoprocessing systems is a natural step in the 
evolution of the geospatial cyberinfrastructure  [1,2]. Moreover, standardization 
should encourage implementation of new geoprocessing endpoints, which is 
beneficial not only in geoscience research areas but also in other areas [3]. 
 
The purpose of this paper is the evaluation of the implementation of a standard for 
Geoprocessing Web services: the Open Geospatial Consortium (OGC) Web 
Processing Service (WPS) specification. Since 1994, the OGC has been providing 
standards that ease the use and integration of geospatial Web services [4,5]. 
However, few studies are focused on providing data about the number of servers 
implementing them [3,6]. In the case of the WPS specification, the evaluation 
requires first the gathering of a collection of WPS servers. The traditional approach 
relies on the search of metadata records about them in geospatial catalogues [7]. 
This is the scenario analysed in the existing literature with references to the 
discovery of WPS servers [8,9]. However, the discovery of Web services using 
catalogues assumes that service providers register and keep updated metadata about 
their services. Although this assumption is frequently met for other geospatial 
resources, such as geospatial datasets [10], Web services seem to be an exception 
[11]. Nowadays, information sources are no longer restricted to catalogues. The 
literature gives evidence of the use of search engines and focused crawlers to 
discover general-purpose Web services [14] and geospatial Web services  [6,15]. 
Therefore, it is worthwhile to analyse the current state of the implementation of the 
WPS specification using systems that index the Web. 
 
 
2    The WPS specification 
 
The version 1.0.0 of the WPS standard was released in June 2007 [16]. The 
specification describes a service instance that offers a simple HTTP interface for 
publishing processing algorithms, especially geoprocessing algorithms, and for 
requesting their execution. Companies (e.g. Galdos Systems — Canada, PCI 
Geomatics — Canada), government agencies (e.g. GeoConnections — Canada, 
Wupperverband — Germany) and universities (e.g. Autonomous University of 
Barcelona — Spain, University of Münster — Germany) have participated in its 
development. According to OCG, 15 products implement the WPS 1.0.0 
specification at the time of the analysis. The implementing products include open 
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source projects, such as degree, PyWPS, 52º North, and ZOO Project, and products 
developed by software vendors, such as ERDAS and Intergraph.  
 
 
3    Methodology 
 
The collection of OGC Web services used in this research was collected between 
1st and 5th March 2011 using a focused crawler. Each run of the crawler used as 
seed search results from automated queries made to Bing, Google and Yahoo!. 
From these results, the crawler explored the Web applying two well-documented 
crawling strategies: shark-search [18] and best first [19]. The queries made to 
search engines included mandatory terms associated with requests for OGC service 
metadata (e.g. “request”, “getcapabilities”, “service”) plus additional terms related 
to the targeted standard service (e.g. “wps”, “processing”, “profile”) or tasks 
related to the service (e.g. “coordinate transformation”, “interpolation”, “grid”). 
For example, the search results of the query “getcapabilities wps interpolation” 
include pages about interpolation methods with links to WPS servers, and WPS 
service metadata documents that provide interpolation processes. The goal of this 
search strategy is to discover references to OGC Web servers in HTML text, Web 
links, indexed research and technical papers. A complete analysis about the 
precision of different alternatives and strategies for searching geospatial Web 
services is available in [6]. 
 
 
4    Results 
 
The results include an analysis of the implementation of the WPS specification 
worldwide, quantitative descriptions of the processes published, including 
information about the number of geoscience processes, long-running processes and 
Web-accessible data outputs, and a review of the use of features related to 
interoperability: application profiles, WSDL descriptions and multilingual support. 
 
4.1 Implantation 
 
This section analyses how widespread is the use and who is adopting the 
specification. Figure 1 compares the total of WPS services found with the total of 
services that meet any other OGC specifications about geospatial Web services. 
Only 58 out of 9329 OGC Web services found were WPS services. Most of them 
(47) support WPS 1.0.0 requests. The remaining 11 services only support 

 

(Draft) Actas de las II Jornadas Ibéricas de Infraestructuras de Datos Espaciales (JIIDE'2011), 
Barcelona, 9-11 de noviembre de 2011. 2011



deprecated versions (e.g. version 0.4.0 [20]. Table 1 presents the localization of the 
WPS services and the number of service providers per country. This table reveals 
that 84% of the services found are located in Europe.  
 

Web Map Service
4305 (46.1%)

Web Feature
Service

2073 (22.2%)

Web Coverage
Service

1665 (17.8%) Sensor
Observation 

Service
1110 (11.9%)

Catalogue
Service for the 

Web
79 (0.8%)

Web Processing
Service

58 (0.6%) 

Others
39 (0.4%)

 
Figure 1: OGC Web service instances classified by specification. 

 
 

Country  Services Providers Country  Services Providers 
Spain  24  7  China  3  1  
Germany  13  7  Canada  3  1  
France  4  3  United States 2  1  
Czech Republic  4  2  Switzerland  1  1  
United Kingdom 3  3  Australia  1  1  

Table 1: WPS instances and service providers by country. 
 
4.2 Processes published 
 
The services found offer 1316 processes. Two services are considered inactive 
because they do not declare offered processes. The sample median of the 
distribution of processes offered by services is four. That is, half of the services 
have four or less processes. Three services offer 750 processes (57% of the 
processes found). One of them is a demonstration server of a software vendor. The 
rest are located in universities. Table 2 shows the distribution of processes per 
service.  
 

Offerings 0 1 2 3 4 5-9 10-20 21-100 +100 

Servers  2 8 4 3
1
7 8  6  7  3  
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Table 2: Processes per WPS instance. 
 
The ProcessOffering section in the GetCapabilities response shall contain a brief 
description of the processes offered by each service. The description of each 
process must contain an Identifier and a Title, and may include some optional self-
describing elements: an Abstract providing additional details, a reference to a 
Metadata document about the process, information about the Profile supported 
(discussed in Section 5.4), the location of its WSDL (discussed in Section 5.5) and 
the processVersion. Only 87.1% of the processes contain the mandatory fields 
Identifier and Title. The Abstract is found only in a third of the processes analysed. 
It is quite relevant that 21.3% of the processes contain a Metadata element that 
works either as a keyword container or as an explicit link to the respective 
DescribeProcess. None of the analysed processes contains a link to an ISO 
metadata document or equivalent. Table 3 summarizes the findings.  
 

Name  Use  Found in 
Identifier  Mandatory 1311 99.6% 

Title  Mandatory 1146 87.1% 
Abstract  Optional  443 33.7% 
Metadata  Optional  280 21.3% 

processVersion Optional  56 4.3% 
Profile  Optional  2 0.2% 
WSDL  Optional  0 0.0% 

Table 3: Elements found in process descriptions. 
 

 
Input/Output  Min Q1 Median Mean Q3 Max 

data input total  0  2  3  4.45  6  28  
 - complex  0  1  1  1.38  2  14  
 - literal  0  0  2  3.01  5  22  

 
- bounding 
box  0  0  0  0.01  0  1  

process 
output total  0  1  1  1.17  1  10  

 - complex  0  1  1  1.03  1  10  
 - literal  0  0  0  0.11  0  2  

 
- bounding 
box  0  0  0  0.01  0  1  

       Table 4: Summary of data inputs and process outputs per process. 
 

The DescribeProcess operation was used for requesting additional information 
about the published processes. Figure 2 summarizes the results. Some requests 
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(7.6%) failed due to connections errors, exception reports or even, mangled 
endpoint declarations. The analysis of the 1216 successful responses shows that 
92% of the processes support Web access to the process results, and 75% of the 
processes support long running requests. Table 4 presents process signature data. 
Analysed processes can be characterized as having between two and six input 
parameters, one of them representing complex input data. The output is usually a 
single complex result.  
 
 

Successful
1216 (92.4%)

Failure
100 (7.6%)

Connection error
61 (4.6%)

HTML document
7 (0.5%)

URL mangled
8 (0.6%)

Unparseable XML
12 (0.9%)

OGC exception report
12 (0.9%)

 
Figure 2: DescribeProcess responses. 

 
 
4.3 Geoscience support 
 
Two alternative manual approaches were followed to identify services related to 
geoscience. The first approach relies on the classification made by an expert based 
on the signature and the description of each WPS process. A WPS process is 
classified as suitable for geoscience use if the expert can guess from its signature 
and its description a specific geoscience process. However, if the expert has a high 
degree of confidence that it is a process used in some macro-area of geoscience 
(geophysics, geology, oceanography, etc.) using as evidence the literature on 
geoscience Web services (e.g. [2,21]) and other sources, the process is classified as 
a geoscience process. The rest of processes analysed are classified as other uses. 
Figure 3a contains a summary of the results. This approach classifies 88.7% of the 
processes as either geoscience processes (10.3%) or suitable for geoscience use 
(78.4%). The other uses category is populated mostly by data access processes, 
wrappers to services related to location (e.g. geocoders), demo, dummy and testing 
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processes, and insufficiently specified processes. According to this classification, 
eight servers do not provide processes related to geoscience. 
 
The second approach uses a well-known geoscience package as reference for 
classifying processes. We use the GRASS package as reference because the 
literature shows that there is interest in the use of the WPS interface to publish 
processes of the GRASS package [22,23] The classification is performed as 
follows. For each WPS process, an expert looks a matching GRASS process up in 
the GRASS Documentation Project. If the expert has a high degree of confidence 
that both processes are the same (e.g. same name, same parameters, similar 
description, explicit references to GRASS), the WPS process is classified as 
GRASS process. If no match is found but the expert believes the WPS process 
implements an algorithm or procedure similar to some GRASS process, the process 
is classified as analogous to a GRASS process. This step considers additional 
information found in the GRASS documentation and the available literature about 
WPS implementations. Figure 3b presents the results. This approach classifies 
48.8% of the processes as either GRASS process (21.6%) or analogous to a GRASS 
process (27.2%). According to this classification, 14 servers do not provide 
processes related to a well-known geoscience package. 

 

Other uses
135 (11.3%)

Geoscience 
processes

149 (10.3%)Processes suitable 
for geoscience use

1032 (78.4%)

         

GRASS process 
284 (21.6%) 

Analogous to
GRASS process

358 (27.2%)

Other  
674 (51.2%)

 
(a) Signature and description.  (b) Similitude to GRASS processes. 

Figure 3: Classification of processes. 
 

4.4 Application profiles 
 
Geoscience process publishers and geoscience process consumers are not the only 
players in an integration scenario. Third parties may also contribute to the 
integration via the definition of process profiles. The use of WPS Application 
Profiles (WPS APs) is the approach of the WPS specification to standardize 
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semantic and technical interoperability. The literature offers examples of different 
proposals and potential uses of WPS APs  [24-26]. A WPS AP document is 
intended for consumption by Web service registries and by WPS clients. Users can 
query a Web service registry for WPS services that support a given profile using 
the identifier of the profile, or given a WPS service that claims to support a specific 
profile, to search its definition in a Web service registry. Only 13 out of 47 WPS 
1.0.0 services provide a WSDL document 
 
The survey only found two services annotated with profiles. One of the profiles is 
an INSPIRE Coordinate Transformation (CT) profile defined in INSPIRE Network 
Services [27]. This profile is based on the interface defined in the OGC draft Web 
Coordinate Transformation Service (WCTS). Surprisingly, the other profile is a 
proprietary adaptation of the INSPIRE CT profile.  
 
 
5    Discussion 
 
The use of some features considered useful for a scalable Geoprocessing Web, such 
as the support of long-running processes and Web-accessible data outputs, is 
generalized. However, results stress the fact that it is not trivial to identify or 
understand the nature of published processes. Human readable descriptions are 
only available in a third of the processes analysed. In addition, none of the 
analysed processes provided links to either machine processable ISO metadata 
documents or similar documents. It is also remarkable the slow progress in the 
adoption of application profiles, which are a key feature for enabling semantic 
interoperability. In regard to technical interoperability, it is striking that few 
services provide working WSDL descriptions considering the relevance of this 
feature for many geoprocessing workflows, such as those based in BPEL  [17], 
[28]. From a pragmatic point of view, scarce documentation, lack of profiles, and 
few WSDL descriptions constitute semantic and technical barriers to the 
development of a Geospatial Web based on the WPS standard.  
 
The results also show that the implementation of the specification is progressing 
mainly in Europe. The prevalence of Europe could be a consequence of policies 
related to the implementation of the European INSPIRE directive (see [29]), which 
promotes a European SDI with invoke and transformation services. A second 
relevant factor it that most of the Open Source implementations of the WPS 
specification are being developed in Europe (deegree, PyWPS, Northº 52, ZOO 
Project). In general, focused crawls are resilient to biased seeds. Our approach to 
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mitigate this problem has consisted in (i) merging the results of many runs in a 
single collection, (ii) using different queries and search engines for each run, and 
(iii) the systematic use of queries that request pages belonging to specific top-level 
domains (e.g. “.edu”, “.ca”).  
 
 
6    Conclusions 
 
The main goals of this research are to provide a reality check of the availability of 
WPS servers and quantitative data about the use of different features defined in the 
WPS standard relevant for geospatial Web-based processing. The results show that 
the availability of services implementing the WPS specification is limited: only 58 
out of 9329 OGC Web services found by a focused crawler were WPS instances. 
We should remark that these results reflect only the surface of the Geoprocessing 
Web.  
 
Data show the slow adoption of technical and semantic interoperability features of 
the WPS specification among practitioners. Service providers should provide 
WSDL descriptions of their services and develop shared application profiles. The 
identification of processes relevant for geoscience has been difficult due to the lack 
of documentation and metadata about them. Geoscience service providers should 
improve the description of their processes to make feasible real interoperability. 
What we do not know which semantic information should be added to process 
descriptions, apart from application profiles. The development of profiles that 
standardize the publication of GRASS processes could be a good starting point. 
Focused crawlers might help solve that issue by building collections of 
geoprocessing services and related resources, such as online documentation and 
research papers. In-depth studies of such collections could identify those missing 
pieces of information that are necessary for enabling semantic interoperability, 
especially between geoscience systems.  
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