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The core driver for INSPIRE is the need for spatial data harmonization to better support 
decision making in areas such as environment and resource management, sustainable de-
velopment and disaster response. Integration across the diversity of themes needed implies 
challenges that require careful planning to mitigate. Fortunately INSPIRE provides a 
framework to guide this process (EU-INSPIRE 2010). Below are some insights into the 
harmonization principles and best practices that are worth considering as part of the 
INSPIRE implementation process, supported by SDI experiences from both a European and 
a global perspective. 

How do SDI data harmonization principles apply to the INSPIRE context? 

Key to harmonization for INSPIRE is the use of a common data model in the context of an 
open standard, service oriented environment. This implies the need for tools that support 
schema mapping from internal to INSPIRE data models. It also implies support for open 
standards and web services to allow systems to readily interact with minimal reconfigura-
tion. Systems which load data into INSPIRE structures need to preserve metadata, seman-
tics and rich geometric structures and ensure overall quality and compliance with INSPIRE 
standards. Solutions need to be model driven and scalable to support the level of maintain-
ability and performance production environments require. 

Typically, five stages are involved in harmonization processes: evaluation, assembly, trans-
formation, validation and publication. These steps are also sometimes referred to as Spatial 
ETL – Extract Transform and Load. First, it is essential to fully evaluate the existing spatial 
information context. Source, target schemas and actual data should be closely examined 
before design begins. 

Data assembly involves extraction of data from required sources, often with some combina-
tion of queries and translation. Format translation needs to take into account the diversity of 
data sources implied in the wide range of INSPIRE themes. These may include a combina-
tion of CAD, GIS, vector, raster, database, text, XML, web, 3D, sensor  and non-spatial 
source data. Given the rich INSPIRE data models, often data required for a specific 
INSPIRE theme comes from multiple sources, requiring many joins, whether relational or 
spatial. Lithuania Geographic Information Infrastructure (LGII) is Lithuania’s SDI built by 
a consortium led by HNIT-Baltic, and assisted by con terra. It harmonizes data between 
government agencies, business, education, research institutions and NGOs, using 38 spatial 
ETL schema transformation models along with other con terra and ESRI tools. This sup-
ports automated data conversion from a wide variety of CAD and GIS formats, coordinate 
system reprojection and schema mapping to a common data model based on INSPIRE 
(WAGNER 2009). 

Core to the harmonization workflow is the transformation process which reshapes source 
schema and geometry to match the required destination structure. Disparate data sources 
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imply different data models which must be mapped to a common destination model 
(MAGUIRE et. al 2008). One of the most labour intensive processes to configure is schema 
mapping, which includes processes such as feature type, attribute, and code list mapping, 
new attribute creation, and conditional value mappings. In addition, often some type of 
geometry transformation is required, whether coordinate systems reprojection (ED50 to 
ETRF89), or type conversion (CAD lines to GIS polygons; non-spatial text coordinates to 
point geometry), generalization or interpolation. Datasiel built a system to support Nature 
SDIplus harmonization for Regione Liguria (PARODI 2011), Italy. Their transformation 
model extracts data from an Oracle database, performs the required joins, and then uses 
schema mapping models to transform the data structure to the INSPIRE Protected Sites 
schema. The system generates INSPIRE compliant GML for publication via WFS 
(PARODI 2011). 

Once data is assembled and transformed, a validation process is essential to ensure quality. 
This includes validation against standards such as the INSPIRE schemas, and also general 
validation processes to ensure data integrity, which may help detect upstream problems in 
the extraction and transformation process. Checks for unique ids, geometric integrity, null 
values, domain codes, realistic data ranges, data gaps, tolerances, and bounds are often 
needed. A project by State Office for Nature Environment and Consumer Protection North 
Rhine-Westfalia and con terra provides a good example (HINTERLANG 2011). This op-
erational system includes a validation process which ensures the data uploaded meets spe-
cific data model and quality requirements. Then the con terra INSPIRE Solution Pack for 
FME deployed on FMEServer is used to transform and load into a compliant staging geoda-
tabase, which in turn serves as the foundation for INSPIRE web services by ArcServer. 

After data is transformed and loaded into the common INSPIRE data model, the task of 
publishing services is the main challenge. Central to the spirit of INSPIRE is accessibility – 
how will the users get at and interact with the data? While OGC services are mandated, 
augmenting these with invoke spatial data services supporting more ubiquitous clients, 
APIs, de facto industry and open web standards  is advisable. A good example of integra-
tion between a vendor system, open standards and open source software is a system devel-
oped by Spatialworld for the National Land Survey of Finland (NLSF) (TANI 2011). NLSF 
preferred an open source solution where possible, so the geoportal was augmented with 
deegree’s WPS (Web Processing Service) in order to provide transformation services. The 
Open Layers client is configured to generate WPS requests. These are received by the dee-
gree WPS and passed via API to FME Server. Based on the request type, FME Server then 
runs the appropriate transformation model and provides the resulting GML or raster data 
stream to the deegree WPS for streaming back to the client. This way NSLF can transpar-
ently host an open WPS transformation service supported by any data source or spatial ETL 
transform that FME supports. 

Finally, production systems require some assurance of performance, security and access 
control. There is usually the need for role based security as different groups require differ-
ent levels of access. Level of service requirements need to be met. Service process should 
be readily scalable, easily replicated as new instances, and if possible deployable via cloud 
to maximize flexibility. Failover configurations are needed to avoid any single point of 
failure (MAGUIRE et. al 2008). Logging and reporting is useful to review service history 
and diagnose performance problems. 
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What are some key implementation risks, and best practices to mitigate them? 

First, from a management perspective, it is essential to identify early on the resources re-
quired (MAGUIRE 2008). For INSPIRE projects, IT, GIS, domain and INSPIRE experts 
are all needed. Domain experts are often not IT experts. One solution is to break down the 
harmonization problem and let data experts use the tools they are familiar with, such as 
spreadsheets, to describe their data, rather than forcing them to learn new modeling lan-
guages or interfaces.  

This approach helped manage the complexity of an ongoing project Metria is building for 
the Swedish EPA (GIM 2010). Metria developed spatial ETL tools (using FME) to extract 
and join the required datasets together, before transforming them into the INSPIRE Pro-
tected Sites data model in a staging database. Data from Europe’s Natura 2000, regional 
Helsinki Commission, and the Swedish EPA database (NVR) is mapped to the INSPIRE 
schema using attribute and code list mapping tables stored in spreadsheets external to the 
ETL models. Domain experts can share and modify schema mappings without having to 
understand the rest of the transformation model. The staging database then serves as the 
basis for INSPIRE Protected Sites OGC services as part of the Swedish national SDI (GIM 
2010), (MAGUIRE 2008). 

Overdesign is a potential hazard given the complexity of INSPIRE. Large projects can   get 
bogged down, run out of resources, or lose sponsorship. The answer is to start simple, start 
small, and with what is readily available. Staged, iterative design and development limits 
risk and involves starting with a small proof of concept and working through to prototype, 
before going to production (KUHL 2002), (en.wikipedia.org/wiki/Project_management), 
(FOOTE & CRUM 2009). Buy-in can be improved by soliciting input from key stakeholder 
groups and making sure they receive value added results early 
(en.wikipedia.org/wiki/Software_prototyping). 

 
 Figure 1: Partial schema mapping table from Swedish NVR to INSPIRE Protected Sites 
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Figure 2: Data harmonization model showing schema mapping from Swedish NVR to 

INSPIRE Protected Sites 

Another way to minimize risk is to test with real data and environments, soliciting user 
feedback early and often (MAGUIRE 2008). Too often systems are designed in a vacuum, 
and look great only until exposed to the harsh demands of an operational environment. Also 
data, standards, requirements, and environments all can change. Successful systems are 
designed to be adaptive (en.wikipedia.org/wiki/Software_prototyping), (FOOTE & CRUM 
2009). For example, migration methods should support updates as well as loads. It’s advis-
able to develop modular systems that communicate via standardized APIs and keep schema 
mapping separate from code. Document workflows to avoid a system that is not extendable 
because a key architect leaves. Automate where viable to minimize manual effort. 

How does INSPIRE’s approach compare with other NSDIs around the world? 

To inform INSPIRE development, it can be useful to look at SDI efforts internationally. 
Like INSPIRE, many SDIs tend to include extensive use of standards such as ISO and 
OGC, and had an early emphasis on metadata, discovery, and catalogue services. In con-
trast to INSPIRE, many world regions outside of Europe are focusing their efforts more on 
national and state level SDIs (www.gsdi.org/SDILinks), (MAGUIRE 2008). Canada has the 
CGDI (Canadian Geospatial Data Infrastructure) hosted by GeoConnections 
(www.geoconnections.org) and the US has the NSDI developed by the FGDC 
(www.fgdc.gov). In these SDIs, data models are not as strictly prescribed as in INSPIRE. 
While capabilities and capacity is continually growing, the primary focus has been on ena-
bling data sharing by setting up standards for metadata and developing catalogue services. 
The US system allows for downloading of a wide array of datasets through sites like 
data.gov. Authoring agencies of Canadian datasets are often at the provincial level. Direct 
access to some national scale datasets is offered, though access to higher precision provin-
cial and regional data usually involves linkages from the CGDI catalogue service to the 
regional data management authority. Most of these systems are not as prescriptive as 
INSPIRE. INSPIRE defines the precise data structure including every table and field re-
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quired. North American SDIs tend to provide an infrastructure for discovery, and leave it to 
the individual authoring agencies to define standards for their data (USGS defines standards 
for base mapping).  

For many, INSPIRE is seen as taking a pioneering role in the establishment of an  ambi-
tious transnational SDI which defines common data model and content standards across all 
member states, even to the level of the precise application schemas. To date there are not 
many other examples of mature pan-national SDI’s. Currently under development are the 
Permanent Committee on Geographic Information for Asia and the Pacific (PCGIAP), the 
Permanent Committee for the Americas (PC IDEA), the UNGI Working group (MASSER 
2005), and the African Clearinghouse for Spatial Data. The Global SDI (GSDI) 
(www.gsdi.org/SDILinks) is more of a global association that promotes cooperation and 
communication between various SDI efforts by producing guidelines and publications 
(NEBERT 2004), and hosting conferences and working groups (MAGUIRE 2008). On the 
other hand the number of national scale SDI efforts are clearly increasing globally. As 
Masser notes, in 1996 there were 11 SDI projects, then 50 in 2000 growing to 120 in 2003 
(MASSER 2005). 

The leadership embodied by INSPIRE’s transnational efforts entails both advantages and 
risks. The advantages are implicit: once data is compliant it is easily shared across borders 
and disciplines promoting greater productivity. The risk is the level of investment required 
up front to transform the data into a compliant state before the benefits are seen. While 
some may be sceptical about how much investment this will take, many are watching 
closely to see what lessons will be learned through the INSPIRE development process, to 
build on INSPIRE successes and perhaps avoid some of the potential pitfalls. At a recent 
GIS conference in the UAE (GISWORX) there was significant interest in INSPIRE. 
ADSIC (Abu Dhabi Systems and Information Centre) is in the midst of developing the AD 
SDI (Abu Dhabi SDI) which is a comprehensive spatial data sharing initiative aimed at 
linking 49 different government agencies, albeit over an area limited to the UAE (AD-SDI 
2011). 

Another emerging trend is crowd sourcing, or the ability of citizens to contribute data di-
rectly into SDIs (MAGUIRE 2008). In Bulgaria, a recent e-government project was imple-
mented with the participation of 23 local municipalities and utilities that allows users on 
mobile devices to flag physical infrastructure problems such as pipe leaks, pot holes, fallen 
trees or sagging power lines (AKTIVEN 2012). Public administrators are alerted to prob-
lems much more rapidly than if limited to conventional inspections only. As support is 
implemented for INSPIRE themes related to sensors and events, care will be needed to 
ensure that such listening services are implemented in a way that maximizes ease of public 
interaction and responsiveness. 

What’s Next for INSPIRE? 

As INSPIRE efforts at the national agency level mature there will emerge more demand for 
lower level agency adoption by regions, cities and utilities. This will necessitate greater 
integration with existing vendor systems (WILLIAMSON 2007). While national agencies 
may be able to afford complete INSPIRE centric systems, local agencies and businesses 
need to work within their existing architecture and make minimal investments to integrate 
with SDIs. Thus systems capable of integration between open standards, de facto standards, 
proprietary systems and open source software will be needed (MAGUIRE 2008). 
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Implementation demands will inevitably encourage the convergence of approaches and 
refinement of INSPIRE guidelines. Performance will be a problem in some cases such as 
on-the-fly translation or downloads for large datasets. To date most testing has taken place 
using discovery and view services and small downloads with few clients, most of which do 
not require much band-width. To meet volume demands, production level systems will 
require publication optimization methods such as staging databases and caching. Common 
practices will emerge that demonstrate efficient approaches to implementing INSPIRE 
standards and services in the context of production systems. 

Key to demonstrating the value of INSPIRE is making its data more widely accessible. So 
far, many efforts have focused on how to make data compliant for collection by central EU 
authorities. Not enough focus has yet been placed on distribution of INSPIRE data for daily 
applications (WILLIAMSON 2007). Vendors will need to improve the ability of their sys-
tems to consume INSPIRE data and services directly (MAGUIRE 2008). Data distribution 
services should provide data via both OGC services and CAD and GIS file formats, na-
tional data models such as AAA NAS GML, and common browser accessible streams such 
as PDF, PNG or KML. In an age of Google Maps, geo-enabled smart phones and social 
media, consumers of geo-information often know nothing about GIS and expect services 
that are seamlessly integrated with the environments they are familiar with.   

To some extent, the degree to which INSPIRE is implemented across the EU will depend 
on the effectiveness of monitoring compliance, quality and performance. Given current 
tight budgetary conditions and existing institutional barriers, there appears to be a disparity 
emerging between those who have sought to plan ahead for compliance, and those who 
have taken more of a wait and see approach. Compliance monitoring tools will help identify 
where services are not in place or up to standard. For example, automated web service 
queries can be used to record level of service statistics.  

However, the push for compliance should be tempered by practical considerations of each 
nation’s context. The sophistication of each agency’s solution will necessarily depend on 
their available resources and the relative demands of their audience. There will be increas-
ing pressure to look for technical solutions that allow implementers to do more with less. 
Staged development, early value demonstration, and partnership with local agencies and the 
private sector will go some way towards building the support needed to mitigate and offset 
these challenges (MAGUIRE 2008), (WILLIAMSON 2007). Combining INSPIRE devel-
opment with that required for other mandated SDI and e-government projects will help 
share the burden of this investment among partnering agencies. 

Thus, these data harmonization approaches of evaluation, assembly, schema transformation, 
validation and publication provide a path for confronting the daunting challenges INSPIRE 
poses. Careful consideration of SDI best practices, both near and far, can help mitigate 
implementation risks. Solutions are needed that bridge gaps between the complexities of 
INSPIRE standards and the daily requirements of end users working with legacy systems. 
Only then will the vision of community wide spatial data sharing for better decision support 
based on the common INSPIRE model be realized. 
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