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ABSTRACT
Developments toward Open Government Data (OGD) also affect the data from National Continuously
Operating Reference Station (NCORS), an infrastructure supporting standard and precise positioning
in spatial activities. The application of OD policies on NCORS data (OD-NCORS) varies per country.
This article explores the approaches and impact of OD-NCORS in three European countries:
Germany, the Netherlands and Sweden. Understanding the differences in the implementations may
benefit other countries in their strategies to implement OD for their NCORS. It may also provide
insights for organisations considering OD for other data. The research found that the key factors affecting
OD-NCORS implementation are the national governing nature and the existence of commercial CORS
networks. There is no single approach for OD-NCORS implementation that fits every national
context.
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INTRODUCTION
Many public datasets in many countries are made available as Open Government Data
(OGD). Also, the data from National Continuously Operating Reference Station networks
(NCORS) are provided as OGD in many countries. NCORS networks collect and process
data from the Global Navigation Satellite Systems (GNSS) to provide precise positioning
data to support spatially related activities. NCORS governing entities have applied different
approaches to ensure the stability and functionality of their NCORS under the OD landscape.
The countries’ experiences and lessons should benefit many other countries facing similar
OD-NCORS implementation challenges.
This article explores the approaches, impacts and results of OD implementation on NCORS
ecosystems in three members of the European Union (EU): the Netherlands, Sweden, and
Germany. After the introduction, an overview of NCORS from a data perspective is
elaborated together with an NCORS data ecosystem conception. After that, the concept is
applied to explore the cases. The findings are discussed in the next part. Lastly, based on the
exploration, this article provides considerations for stakeholders in implementing OD on
NCORS in other countries and the implementation of OD on other datasets.

WHAT IS NCORS
CORS is a collective term for ground stations that observe signals from GNSS such as Global
Positioning System (GPS), Global Navigation Satellite System (GLONASS), BeiDou and
Galileo. In general, CORS can refer to a station or a network of ground stations. The latter
one is called a CORS network. CORS can be categorised into three hierarchical levels:
global, national and local networks [1]. At national levels, many national governments have
established CORS as an infrastructure [2-4] to support several positioning activities. The
CORS networks operated by the national governments can be considered National CORS
networks or NCORS. In many countries, there are commercial CORS (CCORS) networks.
The functions of NCORS are first to support positioning standardisation through access to the
national spatial reference frame, the fundamental function of NCORS data is to allow access
to the geodetic reference frame [5-7]. Secondly, NCORS support positioning accuracy
through correction services. Thirdly, NCORS serves also national time synchronisation [8].
NCORS has become a requirement for many development initiatives. For smart city
initiatives, the precise positioning data from CORS can support the location services such as
traffic management, autonomous vehicles and emergency services [9, 10]. NCORS supports
digital cadastral [2, 3] as part of E-government initiatives [4]. Precision Agriculture (PA)
applies spatial technologies [11] as “right treatment in the right place at the right time” [12].
The PA functions such as precision soil preparation, seeding, crop management, precision
harvesting, and data analysis and evaluation benefit from NCORS data [11, 13, 14].
A DATA PERSPECTIVE OF NCORS
The function of NCORS is to provide data that improve the accuracy of and standardise other
positioning data. NCORS data serve as a national geospatial data framework – the data that
other spatial data are built upon [15]. NCORS data serve the correction services for GNSS
positioning. With these two functions, users can collect, process, and distribute the high
precision spatial data that are interoperable with other spatial data in the national reference
frame. The flows of NCORS data in serving the two functions are provided both in real-time
data through Real-Time Kinematic (RTK), Differential GNSS (DGNSS) and Precise Point
Positioning (PPP) services. For archive data, NCORS data is provided, such as RINEX.
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AN NCORS DATA ECOSYSTEM
An ecosystem refers to an integrated system composed of a biotic community, its environment,
and its dynamic interactions [16]; these components could not be separated or viewed in
isolation [17]. The elements in an ecosystem coexist and influence each other. External forces
also affect an ecosystem, such as climate changes and natural disasters that influence the
components in the ecosystem. The ecosystem concept was applied to explain, understand, model
and replicate the factors or elements and their relations in many academic and practical fields.
Data science scholars have defined several data ecosystem conceptions [16-20]. Data
ecosystems are the networks of socio-technical components to collaborate on creating,
managing, and sustainable data-sharing initiatives [19]. A data ecosystem is a frame of the
relations of the actors, which can be individuals or entities and technical components to reach
the common data goals [20]. In OD, the completion of an OD ecosystem must be (1)
user-driven – to satisfy different types of users, (2) circular – to allow the stakeholders in
satisfying and contributing to the data value chain, (3) inclusive – to stimulate the
participation from non-government actors, and (4) skill-based – to provide OD and relevant
knowledge to people [21].
From these conceptions, a data ecosystem refers to the data existence and the interacted
elements with a function(s) to facilitate the flow of the data. In this article, an NCORS data
ecosystem is defined as “A system where technical and institutional elements at the national
level interact to facilitate the flow of NCORS data from providers to users”.
The Elements in an NCORS Data Ecosystem
The primary functions of NCORS data support the standardisation and interoperability of
spatial data at the national level. This way, it should be considered part of the National
Spatial Data Infrastructure (SDI). The elementary aspect of an NCORS data ecosystem can
adopt from an SDI. Van Loenen [22] explains that the core elements of SDI are 1) Data, 2)
People: the actors in different sectors that require, build, use and enforce the actions for the
existence of spatial data, 3) Policies: plans or courses of action to achieve the goal of the
spatial data, 4) Institutional framework: the responsibility arrangement of different actors
involving the spatial data, 5) Technology: the scientific method, instrument, data and
material, directly and indirectly, used to enable the spatial data chain, 6) Standards: the
common specification, quality, or requirements which allow the flow of spatial data between
the processes and organisations, and 7) Financial resources: the interconnected resources to
drive all elements.
In the NCORS data ecosystem, two main elements can be distinguished 1) the central and 2)
the surrounding elements, Figure 1. An NCORS data chain and NCORS stations are the
central elements. The surrounding elements are people, financial resources, institutional
frameworks, technology, standards, and policies. These elements interact to facilitate the
functions of the NCORS network and the flow of NCORS data from providers to users.
The NCORS data chain contains different data formats: from GNSS signals to precise positioning
data. The NCORS data chain carries the data value which can be perceived in different
positioning services, for example, Real-time Kinematic (RTK), Differential-GNSS (DGNSS),
Precise Point Positioning (PPP), PPP-RTK, Post-Processing Kinematic (PPK), and data archive.
Mechanisms in an NCORS Data Ecosystem
The NCORS data ecosystem’s elements have a function(s) in collectively facilitating the
NCORS data chain. These collective functions in an NCORS data ecosystem can be
considered in three mechanisms: (1) governance, (2) provision and (3) utilisation.
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Figure 1. An NCORS data ecosystem, adapted from [23].

The governance of NCORS data is the mechanism to govern the technical and non-technical
elements with different functions to achieve the individual and the collective goal(s) [24, 25].
The governance can be perceived through five aspects of SDI governance: vision, leadership
and control, self-organisation ability, communication channel, and financial resource
sustainability [18, 26]. The governance involves the provision and the utilisation. The
governance also involves external factors such as political support and facilitating conditions
that significantly affect the NCORS data ecosystem.
Provision is the collective actions of the stakeholders in collecting, processing, and
distributing NCORS data. The quality of the provision can be measured by the attributes of
data availability [18], such as known – user awareness about the availability and user
knowledge about the access to such availability; attainable – users can access and use the
data; and usable – the characteristics of the NCORS data that meet user requirements. In
many cases, CCORS expands the availability of overall national CORS services [27, 28]. It
is, therefore, part of the NCORS data ecosystem.
Utilisation is the mechanism that determines the use of NCORS data which is a critical
driving force to initiate and maintain an NCORS data chain. The utilisation provides
feedback to data governance and provision. It also influences governance through political
and public support. The utilisation of NCORS data can be considered in many indicators, for
example, the number of users or accounts, the number of downloads, the volume of
downloaded data, time of use, and registered devices [27-29]. There are benefits and
drawbacks of each indicator in explaining utilisation. For instance, one user might use many
devices or the other way around. This research considers NCORS data utilisation as basic
utilisation – the use within original users or purposes, and optimal utilisation – the utilisation
that expands beyond original users or purposes.
OPEN DATA AND NCORS
OD means the data that is made available without any technical, legal, financial, and
intellectual barriers to access, use, reuse, and share the data [30, 31]. The implementation of
OD may affect the mechanisms in an NCORS data ecosystem (Figure 2). OD frames the data
policy of NCORS governance. In terms of the provision of NCORS, OD affects the degree of
NCORS data availability directly through both “known” and “attainable” attributes. Lastly,
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Figure 2. The impacts of OD on the mechanisms of an NCORS ecosystem.

OD’s effect on data provision stimulates users to use NCORS data. This way, OD supports
the utilisation mechanism in an NCORS ecosystem. Note that user characteristics also
contribute to the utilisation.

METHODOLOGY
For this research, we performed a multiple case study approach [32] to investigate the effects
and results of OD implementation on NCORS data ecosystems and the factors affecting the
implementation. Three cases were selected based on the completeness of NCORS data
availability, the availability of the national OD initiative, and the accessibility to the case data.
Desk research was conducted through papers, journals, publications and official reports to
acquire the data. The analysis was conducted based on the three mechanisms of the NCORS
data ecosystem. Lastly, experts from the cases were asked to review and validate the research
findings and provide additional insights about the cases.

OPEN DATA AND NCORS IN DIFFERENT NATIONAL CONTEXTS
The European Union is the political and economic region where member nations have
progressively implemented OD. It is also where NCORS and CCORS have been installed and
operated. In 2019, the scope of the EU legal framework on open data and the Public Sector
Information Directive (PSI) was broadened to real-time data. Consequently, all kinds of
NCORS data have become within the scope. However, each Member State has applied OD to
NCORS differently.
THE NETHERLANDS
The Dutch NCORS is composed of two networks 1) “Het Actief GNSS Referentie Systeem”
(AGRS.NL) – the active GNSS reference System and 2) “De Netherlands Positioning
Service” (NETPOS) – the Netherlands Positioning Service. AGRS.NL maintains the Dutch
spatial reference frame [34, 35], authorises other GNSS networks, and supports other
scientific activities[33]. NETPOS is the second-order network to densify AGRS.NL and to
support public works of Kadaster, Rijkswaterstaat, research, education and innovation [34].
There are several CCORS in the Netherlands. The stations from CCORS networks can be
determined and certified by AGRS.NL.
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The Netherlands is one of the high-rank countries in OD implementation. The OD strategy is
part of the National Data Strategy, aligning with the EU Data Strategy [35]. OD has been
successfully implemented in many ministries [36].
OD on Dutch NCORS Data Governance
Nederlandse Samenwerking Geodetische Infrastructuur (NSGI) or the Dutch Cooperation
Geodetic Infrastructure is the governing body of the NCORS networks. NSGI is a “virtual
organisation based on integral management” consisting of three geodetic partners: Dutch
Kadaster – horizontal reference system, Rijkswaterstaat – vertical reference system and the
Hydrographic Service of the Royal Netherlands Navy – sea level [34]. NSGI facilitates
NCORS networks to serve public activities and standardise the positioning services of other
CORS networks using the common geospatial reference frame. NSGI assigns the Dutch
Kadaster to certify stations of the NCORS and CCORS [37] over the Netherlands and in the
neighbouring countries, Figure 3.

Figure 3. CORS certificate issued by NSGI (left). Public and private CORS stations that are

certified (right) [37].
OD is mentioned in the NSGI multi-year plan 2021-2025 [34]. However, NCORS
stakeholders share diverse opinions and intentions toward OD-NCORS. An expert of the
NCORS provider support OD-NCORS. Since NCORS data are public data, citizens should
use them without paying. Meanwhile, a CCORS manager expressed a concern that
OD-NCORS might affect their market.
The conditions above may presumably contribute to the decree on further release of raw GNSS
data in a file format (Besluit verdere vrijgave van ruwe GNSS-data in bestandsvorm) [38].
Only RINEX has been open since September 7th 2019 [39]. Nevertheless, NSGI seeks to
apply OD-NCORS for scientific and primary geodetic tasks [34].
OD on Dutch NCORS Data Provision
NCORS data in the Netherlands is available nationwide. In combing with CCORS, the
availability of positioning data can support the use in low-to-high positioning accuracy for
any geospatial data activities. OD-NCORS appears only on RINEX from NETPOS [39]. One
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informant reported that this implementation is to prevent the overlapping of the RTK service
of the CCORS. However, the provision of CCORS relies on NCORS since CCORS stations
are certified by NCORS.
OD on Dutch NCORS Data Utilisation
OD slightly affects the utilisation of NCORS since it applies only to RINEX data. The Dutch
NCORS benefits scientific works, survey and mapping, engineering, navigation and
meteorological purposes on national and international scales. Government agencies and
academics have been the primary users. According to an expert from NSGI, most users
access the data through the Delft University of Technology, the Reference Frame SubCommission for Europe (EUREF) and the International GNSS Service (IGS) that stream and
share data from some stations. The RTK and PPK mainly were used for cadastral survey and
mapping of Kadaster, construction works of Rijkswaterstaat and other government activities,
Figures 4 and 5. In addition to the positioning services, NSGI sets a goal of NETPOS “to act
as the control service for GNSS product certification” [34].

Figure 4. The use of NETPOS RTK in 2017 Black: Kadaster Blue: Rijkswaterstaat, Grey:

Other (contractors /education and research) [37].

Figure 5. The data use of NETPOS in cadastral and public works. Source: NETPOS based on

a September each year with estimation of some missing data.
The availability of CCORS should imply CORS data use beyond NCORS. A CCORS
provider explained that a few commercial providers initially serviced RTK in the early 2000s.
At that time, some government agencies were also the users of CCORS. Agriculture has been
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a large sector of CORS data use in the Netherlands since 2010. Half of the Dutch farmers use
RTK from the CCORS. NCORS data use in the commercial market is seen through CCORS
certified and standardised on the reference frame by the NCORS.
GERMANY
Satellitenpositionierungsdienst der Deutschen Landesvermessung, known as SAPOS is the
NCORS network operated by Germany’s federal and state governments (Laender). The
network was established in 1994 as a prototype and started to service nationwide in 2003 [40]
with around 270 stations [41]. The Working Committee of the Surveying Authorities of the
Laender of the Federal Republic of Germany (AdV) is the SAPOS governing body. The
geospatial related authorities in the federal governments and several authorities in the state
governments participate in AdV. SAPOS in the states is networked into the national public
network and controlled by the Central Office SAPOS (ZSS). CCORS networks are available
in Germany.
The OD policy has been part of the national E-government act passed by the parliament in May
2017. PSI initiative was adopted into the Act on the Reuse of Public Sector Information, the
Information Re-Use Act (IWG) [40]. In February 2021, the federal government adopted the
second Open Data Act and a Data Use Act (DNG) to extensively expand the availability of
open administrative data and improve the possibilities for using publicly financed OD. The
OD strategy was formed with stakeholder involvement [35]. For example, data providers and
users contributed to selecting high-value datasets at the national level.
OD on SAPOS Data Governance
Since 2014, the OD initiative has contributed to the vision of AdV and SAPOS accordingly.
The vision covered the digitisation of administrative procedures to serve e-government and
the ‘stakeholders’ transparency, participation, and cooperation. In the part of AdV, SAPOS
shall ensure highly accurate and uniform correction data services in Germany’s official threedimensional reference system (ETRS89 / DREF91) [42, 43].
OD has an impact on SAPOS data policy and financial resources. Before the national OD
campaign in 2017, SAPOS generated revenue through the data services based on the AdV
guideline of the fees for providing and using geospatial base data [44]. Implementing an OD
policy has been at the state with different contexts and approaches. Most states can
implement OD on their SAPOS. According to an expert, the OD policy impacts the CCORS
market – the public sector competes with the private sector. Compensation has been one of
the solutions for such an impact. One example is that a state authority leaves GNSS machine
calibration services to the CCORS providers in exchange for OD on SAPOS.
OD on SAPOS Data Provision
SAPOS provides 1) Real-Time Positioning Service (EPS) with decimetre accuracy, 2) High
Precision Real-Time Positioning Service (HEPS) with centimetre accuracy, and 3) Geodetic
Precision Positioning Service (GPPS) with millimetre accuracy level [45, 46]. AdV seeks to
employ PPP-RTK as a SAPOS positioning service [47].
OD has been fully implemented in some states (Figure 6). For example, in North Rhine
Wespalean [46], Für Niedersachsen und Bremen [48], and Berlin. Hamburg and SchleswigHolstein will implement OD in 2022 to support the digital strategy [49]. Some states apply
OD for only agriculture. Mecklenburg-Western Pomerania does not implement OD but
provides a cost exemption for the public transport authorities and other mutual exchanges.
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Figure 6. OD-SAPOS in different states in 2022, updated from Riecken [50].

OD on SAPOS Data Utilisation
OD on SAPOS is seen at the state level. An example of an OD state-wide impact is NorthRhine Westphalia (Figure 7). The number of new SAPOS users increased drastically after
implementing OD [50]. The growth of user volume also expanded in agriculture [51].
Nonetheless, the SAPOS data benefit many sectors [40].

Figure 7. The impact of OD on the use of SAPOS in agriculture of North-Rhine Westphalia,

adapted from [47].
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SWEDEN
The Swedish public CORS network is SWEPOS™ (ett Svenskt nätverk av fasta
referensstationer) established in early 1990s for scientific and public works. In 1992, there
was an initiative to utilise SWEPOS for other domains. Later, pilot Network-RTK projects
were carried out in many areas [52], together with the densification of SWEPOS to support
RTK and other positioning applications in many domains.
Lantmäteriet (the Swedish mapping, cadastral and land registration authority), the leading
organisation of SWEPOS, classifies two SWEPOS stations: Class A and B. Class A consists
of 21 stations that function in the national spatial reference frame (SWEREF 99). Class B
stations are installed to densify and expand the service coverage. Class B stations are
accounted for 90% of the SWEPOS. There are other CCORS networks in Sweden [53].
According to Open Data Maturity Report 2021 [35], several OD policies have been
implemented in Sweden, such as the national principles for ‘Open by ‘Default’ by the
Agency for Digital Government (DIGG), the European Interoperability Framework (EIF),
and the adoption of the PSI directive. The Swedish Fundamental Law also states in the
principle of public access that “official information is available for reuse”. However, the
availability of financial resources is a challenge in implementing OD since many public
organisations are financed by the revenues from the data they provide. The solution for such
issues is politically sensitive and had to reach a verdict in the Swedish parliament [35].
OD on SWEPOS Data Governance
Some SWEPOS settings affect the OD on SWEPOS. Lantmäteriet’s geodetic activities
2011-2020 plan states that “to meet Swedish society’s needs for a homogeneous, sustainable
national geodetic infrastructure and guarantee its availability and use” [54]. Such a vision
guides the goal of SWEPOS to genuinely serve society through national positioning services by
coordinating with any stakeholders in public and private sectors and international. Densification
of the CORS network nationwide is a goal of the SWEPOS [54]. SWEPOS is funded by the
government and revenue from data and services. SWEPOS establishment costs are covered
by governmental funding. The maintenance, operation and future upgrades costs are covered
by the user subscription fees [55]. These settings frame the implementation of OD on SWEPOS.
Under the Act on Reuse of Public Administration Documents (2010: 566) and the revision in
2019, the Swedish authorities must publish a government’s open data list. Lantmäteriet was
assigned to define the valuable datasets that should be made available according to the new
OD directive (EU Directive 2019/1024). Even though SWEPOS data were proposed as highvalue data [56], OD has not been fully implemented for SWEPOS data.
OD on SWEPOS Data Provision
OD has some extent to the provision of SWEPOS data that are available in the whole of
Sweden and along the border with the data exchange collaboration with other Nordic
countries [57]. SWEPOS data have been under OD, for instance, DGNSS and RINEX, since
2016 [57]. However, the use of RTK is charged. CCORS providers also stream, process and
redistribute SWEPOS data to their customers against fees [29]. The data cooperation with
CCORS is to increase the use of SWEPOS data [58]. An expert viewed that the availability of
CCORS is necessary to ensure nationwide positioning services, which benefits users in society.
OD on SWEPOS Data Utilisation
The utilisation of SWEPOS data is in many activities, Figure 8. The total use of SWEPOS in
all sectors has been exponentially increased since 2003. Note that there were already 200
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users at the beginning of SWEPOS RTK in 2004 [29]. Jensen [59] found three main areas of
use; 71% in building and construction, 15% in farming and 4% in other activities. Between
2013 and 2018, the use in farming and construction significantly increased from 5% to 15%
and 22% to 25%, respectively. It can be said that without full OD implementation, the
utilisation of SWEPOS is already significant.

Figure 8. The use of SWEPOS data (based on the 2020 statistics from Lantmäteriet).

DISCUSSION
THE IMPACT OF OD ON THE NCORS DATA ECOSYSTEMS
NCORS data governance is affected by OD. The governance faces a role in dealing with the
factors that affect the internal mechanisms of the NCORS data ecosystem, for example, the
private sector, political support, financial resources, regulations, and national visions.
In Sweden, OD has been implemented on NCORS alongside the goal of national positioning
services. In this way, the charge in some data as the financial support for NCORS and the
cooperative competition with CCORS are maintained. In the Netherlands, the implementation
of OD has been in conflict with the interests of CCORS. However, the interpretation of the
law and the political support preserve the CCORS interest by preventing NCORS from being
a competitor. Further relations between NCORS and CCORS are in the standardisation of the
services where NCORS certifies CCORS. In Germany, the negotiation between the states and
CCORS resulted in the OD-NCORS in most states. A state bartered OD implementation by
offering a GNSS equipment calibration service for a CCORS provider.
NCORS data provision is affected by OD through the governance. The perception of CCORS
affects the implementation of OD on the NCORS data provision. OD improves the
attainability of NCORS data. However, this is not the case for Sweden, where national
positioning services are considered on the availability of NCORS and CCORS. OD is applied
on only RINEX and DGNSS, which seem not to be the markets of CCORS. In the
Netherlands, the RINEX data is free of charge. In Germany, most states adopt OD to NCORS
data. The nationwide services are still charged.
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NCORS data use, the data use in all cases is considerable. However, all three cases provided
an unclear explanation of whether OD impacts NCORS data use. Comparable NCORS data
use numbers were found despite different levels of OD implementation.
In the Netherlands, the cost of use in CCORS implies that some users are willing to pay for the
services. In Sweden, the use of NCORS is still considerable in many fields. In Germany, the
surge in use after OD in the NRW can result from new users starting to use precise positioning
services or the mobilisation of users from CCORS to NCORS. Therefore, implementing
OD-NCORS might not be the most critical factor in using NCORS data. The impacts of ODNCORS are in Table 1.
Table 1. The impacts of OD on NCORS data ecosystems in the Netherlands, Sweden and Germany.
Case
Governance
Provision
Utilisation
The
Serve
the original
Single governing body
OD
for
academic
Netherlands
purposes among the
with multi-public

organisations

Sweden

An implication of CCORS RTK and DGNSS: not in
the commercial market
influence on OD-NCORS
implementation
RINEX: OD
NCORS certifies CCORS.
Single governing
organisation
A role in defining highvalue datasets, including
NCORS data

Germany

purposes

Cooperative competition
between CCORS and
NCORS to achieve the
goal of national
positioning services
OD is implemented at the
state level with different
approaches, not
nationwide service
CCORS influences ODNCORS implementattion
in some states

RTK: at a price in the
market with CCORS
DGNSS and RINEX:
OD

DGNSS and RINEX:
OD
OD at the state level
varies among the state
contexts

government agencies,
their contractors, and
academics
Optimal use in many
sectors

Serve the original and
other purposes of the
public use and
commercial use
Optimal use in many
sectors

Serve the original and
other purposes of the
public use and
commercial use
Optimal use in many
sectors

THE FACTORS SHAPING OD-NCORS IMPLEMENTATION
We can conclude that the factors contributing to OD-NCORS implementation are 1) the
national governing nature and 2) the non-government actors.
Firstly, the national governing nature frames how NCORS governing entities adopt OD. The
factor is visible in the national visions and the governing structures in executing them to reach
such vision. The three cases share a similar national vision and political awareness in OD.
However, the government in charge of NCORS determine the extent of OD implementation. The
NCORS governing structures in the Netherlands and Sweden are under the central government.
In Germany, the state governments are the governing body to implement OD according to the
national strategy. The adoption of OD on NCORS differs among the states due to their contexts.
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Secondly, the availability of actors beyond the public sector frames OD-NCORS
implementation. The three cases showed different perspectives on the availability of CCORS
which affect how OD implements and how NCORS networks position themselves with
CCORS. Several interpretations of OD and NCORS might affect OD-NCORS. The
Netherlands holds that OD should not affect third parties’ interests – i.e., the interests of
CCORS providers. Therefore, OD is only applied to the NCORS data that are not competing
with CCORS data. CCORS, as an element of a national positioning service, results in a
cooperative competition between CCORS and NCORS in Sweden. In Germany, the states
adopted their approaches to dealing with CCORS.
IMPLICATIONS
Theoretical implications in this study are found in the comprehension of a data ecosystem
through the lens of NCORS data. A data ecosystem is part of the larger ecosystem – a system
of systems. The data ecosystem interrelates with other ecosystems, such as business
ecosystems and technology ecosystems. Therefore, data governance should be highlighted for
the interactions with other elements in other ecosystems. As suggested in SDI,
communication channels are essential in gaining political and public support [26].
Measuring data use was still a challenge. The different ways to measure data use can be the
number of requests, hits, views, transformation, citations, and the number of users [60-62].
These indicators are applicable for the direct use of NCORS data. However, NCORS data use
can be perceived in other ways, as seen in the cases. Data from some NCORS stations are
used with CCORS data to provide positioning services, as seen in Sweden. CCORS might be
processed or calibrated on the national framework provided by NCORS data, as seen in the
Netherlands. These ways of use may imply the necessity for defining NCORS data and other
data utilisation.
Practical implications are seen in many aspects. First, the governing body needs to
understand the settings of each data and its ecosystem. OD has both positive and negative
effects on data availability. Without a clear understanding of the impact of OD on NCORS,
the OD implementation might harm the data ecosystem itself.
Second, the practical implications might be a lesson for other data with different stakeholders
with diverse perspectives. The role of data governance should follow the so-called informally
governance to keep all stakeholders in the loop. The outcome might compromise some
initiatives. Still, the compromising must rely on users, the key actors in the utilisation.
Third, the findings imply that user characteristics can be more critical than the data policy in
the successful implementation of OD-NCROS. The history of use of the three cases implies
the user characteristics: their technical skills, perception about the use, financial capability,
and the necessity of use. In the cases, users were capable of using, and it was necessary for
them to use despite the relevant costs. Therefore, any OD approaches result in the considerable
use of NCORS data. In practice, policymakers should consider user characteristics as part of
OD implementation.

CONCLUSION AND RECOMMENDATIONS
This article has applied an NCORS data ecosystem concept to explore Open Data
implementation in National Continuously Operating Reference Station Networks (NCORS)
in three Member States of the European Union. OD has positive and negative impacts on the
NCORS data ecosystem. The common benefit is the availability of data for users. However,
OD-NCORS may negatively impact the availability of commercial CORS (CCORS). The
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national governing nature and CCORS availability shape the OD implementation. Overall,
we can conclude that no single approach for OD-NCORS implementation fits every national
context. The countries must face the challenges by compromising both the goals of NCORS
and OD in a sustainable manner.
This study pertains to limitations on the data to indicate the volume of use from the private
sector. Besides, the data ecosystem conception in this study still has a gap in defining data
utilisation. Future research is encouraged to apply the NCORS data ecosystem concept to
explore NCORS in other contexts where the NCORS elements and mechanisms are not
perfectly functioning. The application may provide insights to improve the NCORS data
ecosystem conception. The data utilisation defined in this research can be further investigated
in terms of the impact to provide a complete picture of data utilisation.

ACKNOWLEDGEMENTS
This article presents the findings of the PhD research “Encouraging the use of national CORS
data in Thailand from a user perspective” conducted at the Knowledge Centre Open Data,
Delft University of Technology, funded by Her Royal Highness Princess Maha Chakri
Sirindhorn of Thailand scholarship. The authors would thank the contributions of the experts
from the selected cases that provided feedback and inside information.
This research is part of TODO project that has received funding from the European Union's
Horizon 2020 research and innovation programme under grant agreement No 857592.

REFERENCES
[1] Rizos, C. and Satirapod, C.: Contribution of GNSS CORS infrastructure to the mission of
modern geodesy and status of GNSS CORS in Thailand.
Engineering Journal 15(1), 25-42, 2011,
http://dx.doi.org/10.4186/ej.2011.15.1.25,

[2] Van Buren, J. and Lesparre, J.: Netherlands Positioning Service, A Real Time Kinematic
Network for the Governmental Authorities of the Netherlands.
EUREF Symposia 2005. EUREF, Vienna, 2005,
http://www.euref.eu/symposia/2005Vienna/3-05.pdf,

[3] Jarroush, J.; Adler, R. and Zeibak, M.: Cadastre Surveys with Real Time Kinematic GPS
(RTK) as a Basis for Future Survey Regulations
FIG Working Week 2005 and GSDI-8, 2005. Cairo, Egypt,
https://www.oicrf.org/documents/40950/43224/Cadastre+surveys+with+real+time+kinematic+G
PS+RTK+as+a+basis+for+future+survey+regulations.pdf/91f82fbd-7245-81b7-679a7c20622725bc?t=1510174536786,

[4] Van Der Molen P. and Wubbe, M.: E-Government and E-Land Administration As an
example: The Netherlands.
6th FIG Regional Conference, San José, 2007,
https://www.fig.net/resources/proceedings/fig_proceedings/costarica/papers/ts10/ts10_02_wubbe
_vandermolen_2480.pdf,

[5] Lipatnikov, L. and Shevchuk, S.: Cost Effective Precise Positioning with GNSS.
FIG report, International Federation of Surveyors Commission 5, Copenhagen, 2019,
https://www.fig.net/resources/publications/figpub/pub74/Figpub74.pdf,

[6] Soler, T.; Snay, R.; Foote, R. and Cline, M.: Maintaining accurate coordinates for the
National CORS network.
FIG Working Week, 13-17 April 2003. Paris, 2003.
https://www.ngs.noaa.gov/CORS/Articles/FIGParis.pdf,

91

W. Supinajaroen, B. van Loenen and W. Korthals Altes

[7] Snay, R. and Soler, T.: Continuously operating reference station (CORS): history,
applications, and future enhancements.
Journal of Surveying Engineering 134(4), 95-104, 2008,
http://dx.doi.org/10.1061/(ASCE)0733-9453(2008)134:4(95),

[8] Hasan, K.; Feng, Y. and Tian, Y.-C.: GNSS time synchronization in vehicular ad-hoc
networks: Benefits and feasibility.
IEEE Transactions on Intelligent Transportation Systems 19(12), 3915-3924, 2018,
http://dx.doi.org/10.1109/TITS.2017.2789291,

[9] Minetto, A., et al.: A Testbed for GNSS-Based Positioning and Navigation Technologies
in Smart Cities: The HANSEL Project.
Smart Cities 3(4), 1219-1241, 2020,
http://dx.doi.org/10.3390/smartcities3040060,

[10] Rosenthal, G.; Milev, G.; Rokahr, F. and Vassileva, K.: SAPOS® DGNSS Reference
Station System in Germany and its Analogue in Bulgaria.
United Nations/United States of America Workshop on the Use of Global Navigation Satellite
Systems 2001,
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.542.9866&rep=rep1&type=pdf,

[11] Hicks, A., et al.;Precision Agriculture in Rice Production, Implementation and Grower
Insights.
https://agrifuturesrice.squarespace.com/s/PA-in-Rice-Production-implementation-and-insightsAndrew-Whitlock.pdf,

[12] Gebbers, R. and Adamchuk, V.: Precision agriculture and food security.
Science 327(5967), 828-831, 2010,
http://dx.doi.org/10.1126/science.1183899,

[13] European Global Navigation Satellite Agency: Report on agriculture user needs and
requirements Outcome of the European GNSS’ User Consultation Platform.
https://www.gsc-europa.eu/sites/default/files/sites/all/files/Report_on_User_Needs_and_Require
ments_Agriculture.pdf,

[14] Pini, M., et al.: Experimental Testbed and Methodology for the Assessment of RTK GNSS
Receivers Used in Precision Agriculture.
IEEE Access 8, 14690-14703, 2020,
http://dx.doi.org/10.1109/ACCESS.2020.2965741,

[15] Van Loenen, B.: Developing geographic information infrastructures: the role of
information policies. Ph.D. Thesis.
OTB Research Institute for Housing, Urban and Mobility Studies, Delft University of
Technology, Delft, 2006,

[16] Demchenko, Y.; De Laat, C. and Membrey, P.: Defining architecture components of the
Big Data Ecosystem.
International Conference on Collaboration Technologies and Systems (CTS), 2014,

[17] Schowalter, T.: Ecosystem Structure and Function.
Academic Press, 2016,

[18] Welle Donker, F. and Van Loenen, B.: How to assess the success of the open data
ecosystem?
International Journal of Digital Earth 10(3), 284-306, 2017,
http://dx.doi.org/10.1080/17538947.2016.1224938,

[19] Oliveira, M.L.; Oliveira, L.E.; Batista, M.R. and Lóscio, B.F.: Towards a meta-model for
data ecosystems.
The 19th Annual International Conference on Digital Government Research: Governance in the
Data Age, 2018,
http://dx.doi.org/10.1145/3209281.3209333,

[20] Otto, B., et al.: Data Ecosystems.
Fraunhofer Institute for Software and Systems Engineering, Dortmund, 2019,

92

Open national CORS data ecosystems: a cross jurisdictional comparison

[21] Van Loenen, B., et al.: Towards value-creating and sustainable open data ecosystems: A
comparative case study and a research agenda.
eJournal of eDemocracy and Open Government (JeDEM) 13(2), 1-27, 2021,

[22] Van Loenen, B.: Developing geographic information infrastructures: the role of access
policies.
International Journal of Geographical Information Science 23(2), 195-212, 2009,
http://dx.doi.org/10.1080/13658810701851412,

[23] Supinajaroen, W. and Van Loenen, B.: Selection of the Elements for a Continuously
Operating Reference Station Ecosystem Conceptual Model.
FIG Working Week, Hanoi, 2019,

[24] Hausler, G.: National positioning infrastructure: technical, institutional and economic
criteria for coordinating access to Australia’s GNSS CORS infrastructure. Ph.D. Thesis.
The University of Melbourne, Victoria,2014,

[25] Janssen, V.; Haasdyk, J. and McElroy, S.: CORSnet-NSW: A success story.
Proceedings of Association of Public Authority Surveyors Conference (APAS2016), New South
Wales, 2016,
https://www.spatial.nsw.gov.au/__data/assets/pdf_file/0009/209484/2016_Janssen_etal_APAS20
16_CORSnet-NSW.pdf,

[26] Kok, B. and van Loenen, B.: How to assess the success of National Spatial Data
Infrastructures?
Computers, Environment and Urban Systems 29(6), 699-717, 2005,
http://dx.doi.org/10.1016/j.compenvurbsys.2004.02.001,

[27] Leveson, I.: Socio-Economic Benefits Study: Scoping the Value of CORS and GRAV-D.
https://www.ngs.noaa.gov/PUBS_LIB/Socio-EconomicBenefitsofCORSandGRAV-D.pdf,

[28] Rizos, C.; Higgins, M. and Hewitson, S.: New GNSS Developments and Their Impact on
CORS Service Providers.
4th International Symposium and Exhibition on Geoinformation, Penang, 2005,

[29] Lilje, M.; Wiklund, P. and Hedling, G.: The use of GNSS in Sweden and the national
CORS network SWEPOS.
FIG XXV International Congress, 2014,

[30] Van Loenen, B.: Towards a User-Oriented Open Data Strategy.
T.M.C. Asser Press, The Hague, 2018,

[31] Van Loenen, B.; Vancauwenberghe, G.; Crompvoets, J. and Dalla Corte, L.: Open data
exposed.
Springer, The Hague, 2018,

[32] Steenhuis, H.-J. and De Bruijn, E.: Building theories from case study research: the
progressive case study.
The 17th Annual Conference of Production and Operations Management (POMS), Boston, 2006.

[33] Van Der Marel, H. DEOS Permanent GNSS Array (DPGA).
http://gnss1.tudelft.nl/dpga/networks.html,

[34] Nederlandse Samenwerking Geodetische Infrastructuur: Multi-year plan 2021 – 2025 for
the Dutch Geodetic Infrastructure Cooperation. In Dutch.
Infrastructuur, N.S.G., Editor, 2021,

[35] Van Hesteren, D. and Van Knippenberg, L.: Open Data Maturity Report 2021.
European Union, Luxembourg, 2021,
https://data.europa.eu/en/news/open-data-maturity-report-2021-out,

[36] Ploeger, H. and Van Loenen, B.: Open NETPOS nader belicht: Concept rapport. In Dutch.
Delft University of Technology, Delft, 2016,
https://research.tudelft.nl/en/publications/open-netpos-nader-belicht-concept-rapport,

[37] Huisman, L.: GNSS RTK and DGNSS in the Netherlands.
https://eurogeographics.org/wp-content/uploads/2018/04/17_2018PoskenNL.pdf,
93

W. Supinajaroen, B. van Loenen and W. Korthals Altes

[38] Kadaster: Decide on further release of raw GNSS data in file form.
https://wetten.overheid.nl/BWBR0041329/2018-09-09,

[39] Huisman, L.; Hoentjen, K.; Vet, A. and Vet, P.: Galileo-Only Cadastral Survey.
FIG Working Week, Amsterdam, 2020,
https://www.fig.net/resources/proceedings/fig_proceedings/fig2020/papers/ts06g/TS06G_huisma
n_vet_et_al_10573.pdf,

[40] The Working Committee of the Surveying Authorities of the Laender of the Federal
Republic of Germany (AdV): National Report 2020/2021.
[41] Zentrale Stelle SAPOS: SAPOS® Reference station overview. In German.
[42] The Working Committee of the Surveying Authorities of the Laender of the Federal
Republic of Germany (AdV): National Report 2016/2017.
[43] The Working Committee of the Surveying Authorities of the Laender of the Federal
Republic of Germany (AdV): National Report 2013/2014. 2014,
[44] Engfeldt, A.: Network RTK in Northern and Central Europe.
LMV-Rapport, Gävle, 2005,
https://www.lantmateriet.se/globalassets/kartor-och-geografisk-information/gps-och-geodetiskmatning/rapporter/lmv-rapport_2005_05.pdf,

[45] Working Committee of the Surveying Authorities of the States of the Federal Republic
of Germany (AdV): SAPOS® Precise Positioning in Location and Height.
Mapping, O.G.S.a., Editor. 2015,

[46] Bezirksregierung Köln. SAPOS® Satellite positioning service. In German.
https://www.bezreg-koeln.nrw.de/brk_internet/geobasis/raumbezug/sapos/index.html,

[47] Riecken, J. and Becker, P.: A new satellite positioning service for Germany. In German.
Geoinformation und Landmanagement 4 (145), 2020,
http://dx.doi.org/10.15576/GLL/2019.4.145,

[48] Landesamt für Geoinformation und Landesvermessung Niedersachsen. 4G: Lower
Saxony modernizes satellite positioning with SAPOS®. In German.
https://www.lgln.niedersachsen.de/startseite/wir_uber_uns_amp_organisation/presse_amp_brosc
huren/4g-niedersachsen-modernisiert-satellitenpositionierung-mit-sapos-r-204284.html,

[49] Behörde für Stadtentwicklung und Wohnen: SAPOS data available free of charge from the
beginning of 2022 Highly precise positioning data can be called up in real time. In German.
https://www.hamburg.de/bsw/landesbetrieb-geoinformation-und-vermessung/15715828/202112-17-bsw-lgv-sapos-daten,

[50] Riecken, J., Enabling smarter farming in Germany with open data satellite positioning
service, SAPOS®, 2020.
[51] The Working Committee of the Surveying Authorities of the Laender of the Federal
Republic of Germany (AdV): National Report 2018/2019.
[52] Jonsson, B.; Hedling, G. and Wiklund, P.: Some experiences of Network-RTK in the
SWEPOS™ network.
Lantmäteriet, Gävle, 2000,
http://www.euref.eu/symposia/book2002/375-379.pdf,

[53] Sedell, D.: Network-RTK a comparative study of service providers currently active in
Sweden. M.Sc. Thesis.
School of Architechture and the Built Environment Royal Institute of Technology (KTH), 2015,

[54] Lantmäteriet: A strategic plan for Lantmäteriet’s geodetic activities 2011 – 2020.
https://www.lantmateriet.se/globalassets/kartor-och-geografisk-information/gps-och-geodetiskmatning/publikationer/geodesy_2010.pdf,

[55] Wiklund, P.: SWEPOS Network-RTK service – establishment, status and experiences.
UN/Latvia Workshop, Riga, 2012,

94

Open national CORS data ecosystems: a cross jurisdictional comparison

[56] Ekström, D. and Johannesson, J.; The value of open data-Socio-economic benefit
analysis of making particularly valuable data available. In Swedish.
Damvao Analytics, Lantmäteriet, 2020,
https://www.lantmateriet.se/contentassets/e16a59e08cb744149c878776256560e6/bilaga-2_vardet-av-oppna-data---samhallsekonomisk-nyttoanalys-av-vardefulla-datamangder.pdf,

[57] Lantmäteriet: National Report of Sweden to the EUREF 2018 Symposium – geodetic
activities at Lantmäteriet.
EUREF Symposium, Amsterdam, 2018,

[58] Norin, D.: GNSS applications in Sweden and on-going developments of the national
CORS network SWEPOS™.
The Swedish mapping, c.a.l.r.a., Editor, 2014,

[59] Jensen, A.: GNSS positioning services of the future, future GNSS users, requirements
and national geodetic infrastructure.
AJ Geomatics for Lantmäteriet, Roskilde, 2019,
https://www.lantmateriet.se/globalassets/kartor-och-geografisk-information/gps-och-geodetiskmatning/publikationer/gnss-positioning-services-of-the-future.pdf,

[60] Pashova, L. and Bandrova, T.: A brief overview of current status of European spatial
data infrastructures – relevant developments and perspectives for Bulgaria.
Geo-spatial Information Science 20(2), 97-108, 2017,
http://dx.doi.org/10.1080/10095020.2017.1323524,

[61] Kruse, D. and Roes, J.: How to increase the usage of an NSDI from 1 billion hits to 10
billion hits in 5 years.
FIG Working Week, Hanoi, 2019,

[62] Welle Donker, F.; Van Loenen, B. and Bregt, A.: Open Data and Beyond.
ISPRS International Journal of Geo-Information 5(4), No. 48, 2016,
http://dx.doi.org/10.3390/ijgi5040048.

95

