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Abstract: Open data initiatives and infrastructures play an essential role in favoring better data access, partic-
ipation, and transparency in government operations and decision-making. Open Geographical Data Infrastruc-
tures (OGDIs) allow citizens to access and scrutinize government and public data, thereby enhancing accountabil-
ity and evidence-based decision-making. This encourages citizen engagement and participation in public affairs
and offers researchers, non-governmental organizations, civil society, and business sectors novel opportunities
to analyze and disseminate large amounts of geographical data and to address social, urban, and environmental
challenges. In Latin America, while recent open government agendas have shown an inclination towards trans-
parency, citizen participation, and collaboration, only a limited number of OGDIs allow unrestricted use and
re-use of their data. Given the region’s cultural, social, and economic disparities, there is a contrasting digital
divide that significantly impacts how OGDIs are being developed. Therefore, this paper analyses recent progress
in developing OGDIs in Latin America, technological gaps, and open geographical data initiatives. The main
results denote an early development of OGDIs in the region. Nevertheless, this opens the door for the timely
involvement of citizens and non-government sectors to share needs, experiences, knowledge, and expertise, as
well as to address a transboundary research agenda. Challenges are discussed from multiple perspectives: data,
methodological, governmental and readiness, and potential impact. This analysis is aimed at researchers, poli-
cymakers, and practitioners interested in the specific challenges and progress of OGDIs in Latin America, while
also contributing to the global conversation on best practices and lessons learned in implementing OGDISs across
different contexts.
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1 Introduction

Over the past years, the extensive worldwide development of Geographical data Infras-
tructures (GDI) has drastically changed the way geographical data is managed and shared,
particularly as digital tools and platforms have made data more accessible to a wider array
of users [17]. Volunteered Geographical Information (VGI) and crowdsourcing applica-
tions, generally developed over the Web and mobile applications, have played a key role
in shaping the emerging concept of Open Geographical Data Infrastructures (OGDIs), de-
fined as infrastructures that facilitate the management and sharing of geographical data
in an open manner, encompassing both governmental repositories and more decentral-
ized citizen-driven initiatives. This includes formal GDIs and ad-hoc project-based plat-
forms that allow for the collection and dissemination of geographical data by a wide range
of users, including the public [18,20]. The differences between OGDIs and conventional
GDlIs hinge on their components, access and integration protocols, and the roles of multi-
stakeholders involved in the data lifecycle.

The concept of OGDI significantly expands the notion of GDI (also known as Spatial
Data Infrastructures — SDI). We suggest that the openness of GDIs can be understood as an
evolutionary stage succeeding the three well-known stages defined so far [36]: a producer-
based GDI with a focus on data provision; followed by a process-based GDI with a focus on
standard web-based services for discovery, access, and visualization of data; and as third
stage a user-based GDI with a focus on the users’ needs. Openness, in this context, arises
from the open paradigm and principles [44] and it is not limited to freely accessible data. In
fact, it involves a predominant role of multi-stakeholders (i.e., citizens, policymakers, and
businesses), in addition to the conventional role of government, for re-using data, generat-
ing new data, and actively participating in data governance. The main purpose of OGDIs
is to enhance open geographical data access to favor its availability without restrictions on
use, re-use, or redistribution. A valuable objective of OGDIs is to promote the implementa-
tion of best practices and management procedures that involve citizens in decision-making
processes. OGDlIs clearly foster novel pathways for decision-making processes that are
close to the citizens and accountable.

While conventional GDIs may emphasize controlled data-sharing with predefined
users, OGDIs broaden this perspective by facilitating public access to data, often integrat-
ing VGI and citizen science contributions [21,38]. Such infrastructures often involve both
persistent governmental data repositories and ephemeral citizen-driven platforms that en-
able data sharing through open initiatives and project-based collaborations [20,57]. Making
geographical data accessible to all users typically involves ensuring the availability, acces-
sibility, and interoperability of geographical data [25,52]. Therefore, it emphasizes the use
of common standards and formats to ensure that different data sources and systems can
communicate and work together among the general public, researchers, policymakers, and
businesses. The diversity of actors and domains of application requires the development
of appropriate methodologies and design approaches for a successful implementation that
fully involves citizens and produces reliable OGDIs [8].

However, the transition from conventional GDI to Open GDIs is not without chal-
lenges. While a wide range of open, volunteer-based, and collaborative infrastructures are
emerging, questions arise regarding the quality, governance, and long-term sustainabil-
ity of these, particularly when involving citizen science projects or crowd-sourced data.
OGDIs emphasize the use of common standards and formats to ensure interoperability,
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but the diversity of data sources and actors involved in these initiatives also brings forth
issues related to data accuracy, updating, and usability across different contexts. Addition-
ally, unequal access to technological resources in certain regions, especially in developing
countries, may perpetuate digital divides rather than eliminate them.

In Latin America, while recent open government initiatives and agendas have shown
an inclination towards transparency, citizen participation, and collaboration [13,29,52], key
challenges still remain. These include ensuring data quality, fostering inclusivity, sustain-
ing volunteer engagement, aligning with technical standards, and addressing legal and
privacy concerns. Most conventional GDI primarily focus on geographical data visualiza-
tion. Unfortunately, only a limited number of them allow data downloading for subsequent
analysis, and even fewer operate under open licenses. There is also a lack of standard
and common practices that hampers cross-fertilization and successful exchanges at the
methodological level. Given the region’s cultural, social, and economic disparities, there
is a contrasting digital divide [9, 23], which significantly impacts how OGDIs are being
developed across the region. There is a need to identify the models and the local policies
that will shape the methodological and technological frameworks on which OGDIs should
be based. While the underlying technologies may remain consistent with global standards,
their application must be tailored to address the unique challenges and requirements of the
region.

The focus on Latin America offers a unique perspective and opportunity for develop-
ing OGDI in this region. Analyzing the development of OGDIs within this context can
provide insights into how these challenges can be addressed using a multi user-centric and
data-driven approach, although not limited to purely data exchange issues but also the
generation of added value and knowledge.

Therefore, the objective of this paper is to showcase the Latin American region by ana-
lyzing the recent progress in developing OGDIs, technological gaps among countries and
open geographical data initiatives. The OGDI progress in the region is stated from scien-
tific literature and citizen open initiatives reports, from which challenges are discussed as
potential for fostering innovation, citizen engagement, digital transformation, and data-
driven initiatives under the open geographical data umbrella. This content is directed to-
wards researchers, policymakers, and practitioners interested in the specific challenges and
advancements of OGDIs in Latin America, while also contributing to the global discourse
on best practices and lessons learned in the implementation of OGDIs across diverse con-
texts.

The rest of the paper is structured as follows. Section 2 briefly introduces OGDI princi-
ples and recent development trends. Section 3 develops a specific focus on the progress of
Latin American OGDIs. Finally, section 4 outlines future challenges, and Section 5 summa-
rizes the findings.

2 OGDI principles and development

Nowadays, the emerging and increasingly pervasive digital age has also extended access to
and engagement with geographical data to new and diverse user communities. Therefore,
OGDIs build on this evolution but represent a fundamental shift in how data is shared,
moving from a government-centric model to one that is open to multiple stakeholders, in-
cluding citizens, non-governmental organizations, policymakers and business actors. This
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openness creates opportunities for democratizing data but also raises challenges in terms of
managing diverse data sources and ensuring consistent quality across different user com-
munities that are playing an increasingly participatory role [8].

Behind the openness of data to non-expert users, there is the assumption that “knowl-
edge is open if anyone is free to access, use, modify, and share it — subject, at most, to
measures that preserve provenance and openness” [44]. The few principles ruling the open
data paradigm [41] can be also useful for geographical data:

— Data availability and access: “the data must be available as a whole and at no more
than a reasonable reproduction cost, preferably by downloading over the internet.
The data must also be available in a convenient and modifiable form”;

— Re-use and redistribution: “the data must be provided under terms that permit re-use
and redistribution including the intermixing with other datasets;

— Universal participation: “everyone must be able to use, re-use and redistribute - there
should be no discrimination against fields of endeavor or persons or groups. For ex-
ample, ‘non-commercial’ restrictions that would prevent ‘commercial” use, or restric-
tions of use for certain purposes (e.g., only in education), are not allowed”.

This is not the only attempt to define open data. For instance, another approach that
expands on these ideas is the Open Data Charter Principles [39]:

— Open by default;

Timely and comprehensive;

— Accessible and usable;

Comparable and interoperable;

For improved governance and citizen engagement;
For inclusive development and innovation.

These principles reflect a shift toward democratizing data access, where the focus is
not just on the data itself, but also on its re-use, repurposing, and adaptation by a wider
range of actors beyond traditional users. From a geographical standpoint, the application
of these principles within OGDIs presents both opportunities and challenges. While the
ideals of open access and transparency are often promoted, in practice, the governance of
these infrastructures can be fraught with tensions between different stakeholder groups,
each with their own expectations and priorities.

The multi-stakeholder model reflects the transition from government-controlled infras-
tructures to platforms designed to foster widespread collaboration and innovation across
sectors. This means that OGDIs are conceptually open to all key stakeholders for open data
provision, as well as the governance and implementation of the infrastructure. The stake-
holders include, besides the government, citizens, research institutions, and businesses and
non-governmental actors [52]. Thus, it is not only about open data access (free without re-
strictions) but also “organizing and governing the infrastructure openly, enabling and stim-
ulating the participation of non-government actors” [25]. A distinction should be made be-
tween end users, citizens, thematic experts, and decision-makers as OGDIs can contribute
to these different user dimensions and from these different perspectives. However, the en-
gagement of these diverse stakeholders also introduces complexities in terms of data liter-
acy, interoperability, and governance. Data literacy plays a significant role in allowing end
users, especially non-geographical data experts, to unlock the full potential of open data
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and be able to access, create, understand, analyze, and use geographical data [35]. Specific
domains might have different ways of implementing OGDIs at different scales and levels
of precision. The benefits of OGDIs range from transparency and government efficiency to
public participation, economic growth, and innovation [50,52]. Last but not least, OGDIs
can foster regional and global collaboration by facilitating data sharing [17], transboundary
collaboration [11] and supporting Sustainable Development Goals (e.g., [2,24,47]).

Although implementing interoperable infrastructures and standard services for data
access, GDIs did not necessarily originate as open platforms (i.e., following open data prin-
ciples); many were designed as data-sharing mechanisms among government and public
institutions [49]. OGDlIs are expected to be intentionally developed for openness purposes,
following the open principles, to stimulate innovation, encourage the development of new
applications and services, and foster economic growth. OGDIs can be deliberately estab-
lished through administrative or governance initiatives to promote transparency, improve
the quality of service delivery, facilitate citizen engagement in decision-making, and lever-
age academic research and educational initiatives. Hence, data assets that previously were
not in the public domain, or under restrictive licenses, are now released for free to use and
re-use in either public or non-public applications [50]. Opening geographical data does
not simply mean applying an open license to existing datasets, but also involves adopting
policies, standards, and allocating human resources specifically focused on geographical
data use, sharing, and distribution following the open principles [49].

However, the implementation of OGDIs presents diverse challenges and experiences
worldwide. For instance, several countries, such as the United States and Canada, have
made significant strides in developing OGDIs that foster citizen engagement and collabo-
ration. In the United States, initiatives like Data.gov have successfully opened vast datasets
to the public, enabling various stakeholders to access and utilize geographical information
for innovative solutions [51]. Conversely, experiences in some developing countries reveal
obstacles, such as inadequate infrastructure, limited data quality, and political resistance
that hinder the establishment of effective OGDIs. For example, in parts of Africa, many
GDIs remain largely governmental, focusing on internal use rather than promoting pub-
lic participation or open data sharing [19]. These contrasting cases illustrate the varied
landscape of OGDIs worldwide and highlight the necessity for tailored approaches that
consider regional contexts, governance structures, and the specific needs of diverse user
groups. Overall, while OGDIs have the potential to foster global collaboration, they must
be critically assessed to understand the successes and challenges faced by different regions
in implementing these infrastructures [4, 6].

3 Recent progress in Latin America

This section provides an overview of the recent progress of OGDI in Latin America from
three standpoints. First, we present one of the major challenges for OGDI development
in the region: the digital divide. Second, we assess the status of OGDI based on scientific
literature and reports from civil society open initiatives, with a specific focus on the Latin
American region and the context of geographical data. Third, we broaden the scope to
examine the Latin American landscape through the lens of global open data initiatives.
Although these initiatives do not specifically focus on geographical data, they are relevant
for establishing the general open data framework in the region. These three standpoints
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allow us to establish an analytical framework to analyze the recent progress of OGDI in
Latin America.

3.1 Digital divide

The Latin American region is a vast and diverse group of countries that cover a large part
of the American continent. Although cultural roots differ significantly, there is a grow-
ing need to adopt a more balanced approach to economic, social, and technological de-
velopment [12]. These characteristics can exacerbate the risk of digital divides across the
region [45], which in turn can limit and condition the development and effectiveness of
OGDIs. Specifically, disparities in access to technology and data literacy among various
populations can restrict participation in the creation and utilization of OGDIs, ultimately
affecting their inclusivity and impact.

The digital “modernity islands” on implementing open data and OGDIs have already
been reported. It is well known that access to open geographical data remains uneven
worldwide [49], and Latin America is no exception. The technological gaps among coun-
tries in the context of the public sector digital transformation have been reported by the
GovTech initiative of the Work Bank [55], which focused on a whole-of-government ap-
proach to public sector modernization. From the 2022 report, we selected and mapped
three indexes related to the open data principles to illustrate the digital divide landscape
in the region (see Figure 1). They are (i) the maturity of online public service portals from
a citizen and universal accessibility design perspective (Public Service Delivery Index —
PSDI); (ii) the availability of public participation platforms, citizen feedback mechanisms,
open data, and open government portals (Digital Citizen Engagement Index — DCEI); and
(iii) the availability of institutional strategies, laws and regulations, digital skills, and in-
novation policies and programs, to foster digital public sector modernization (GovTech
Enablers Index — GTEI). The indexes ranked government tech practices from A (very high)
to D (low), with A for “GovTech leaders”; B for “Significant focus on GovTech”, C for
“Some focus on GovTech”, and D for “Minimal focus on GovTech”. For Latin America, the
PSDI showed a relative homogeneity in the maturity of digital services among countries.
However, the other two indexes showed critical gaps concerning citizen engagement and
institutional enablers.

3.2 OGDI experiences in Latin America

Few studies in the geographical data field have highlighted the regional gap for GDIs
and OGDIs. Vilches & Ballari [53], based on a web-based survey about GDIs in the re-
gion, revealed various levels of maturity in adopting information technology trends within
GDls (i.e., big data, semantic web, mobile devices, internet of things, or volunteer geo-
graphical information). Although some trends in GDI implementations were reported,
most were still under development, and only a few were already available to public users.
Among thirteen countries, the ones that reported more implemented information technol-
ogy trends were Argentina, Chile, Colombia, and Ecuador. This disparity underscores not
only the varying capacity of different nations to adopt technological innovations but also
the potential implications for regional competitiveness in the development of OGDIs. Al-
though the study did not focus on open infrastructures, we refer to it since it shows efforts
from the Latin American community to integrate technological trends within the conven-
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a) Public Service Delivery Index (PSDI) b) Digital Citizen Engagement Index (DCEI) ¢) GovTech Enablers Index (GTEI)
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Figure 1: Selected indexes related to the open data principles for the Latin American region:
a) Public Service Delivery Index — PSDI; b) Digital Citizen Engagement Index — DCEI; and
¢) GovTech Enablers Index — GTEL

tional GDIs. This, in turn, may indicates a sign of willingness to adopt open geographical
data policies and fosters innovation in the future. However, the mere presence of techno-
logical trends does not guarantee effective implementation or impact, necessitating a more
nuanced analysis of the socio-political and economic contexts that facilitate or hinder these
advancements.

Bruzza et al. [5] also showed regional gaps in open geographical data for e-government
services. Argentina, Colombia, and Uruguay, followed by Mexico and Cuba, ranked higher
in this regard. Based on a systematic review, a recent and notable increase in the use of ge-
ographical data for e-government was identified. On the other hand, Ecuador and Peru
showed signs of underdevelopment in open government. These findings highlight a criti-
cal divide in governance capabilities and citizen engagement across the region, suggesting
that efforts to enhance transparency and service delivery are unevenly distributed. The
differences in the country rankings between the two mentioned studies relate to the used
methodologies, thus emphasizing the need for standardized metrics to evaluate the matu-
rity of GDIs and OGDlIs.

From an open data availability perspective, there are incipient initiatives opening ge-
ographical data and addressing the challenges to integrate them. Despite extensive lists
of available geoportals in Latin America offering geographical data visualization and ac-
cess (e.g., [14], most GDIs primarily provide data visualization, and some of them allow
downloading data for further analysis, with restrictions on use and re-use [49]. This is an
important limitation for achieving the vision of open data. Additionally, only a few are ac-
tually registered as open data portals. For instance, the Open Data Inception Initiative [42]
provides a detailed worldwide overview of open data portals. As of December 2024, 3,744
records have been added to this dataset. Of the 397 general records for the Latin Amer-
ican and Caribbean region, only 56 belong to the geographical thematic category (out of
609 global). Most of them provide access to the GDIs of National Mapping Agencies and
national and local public sector (47), and a minor representation is from universities, busi-
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nesses, associations, and other organizations (9). While access to open data is improving in
the region, the amount of open geographical datasets is still very modest. This raises con-
cerns about the actual impact of these datasets on decision-making processes and public
participation, as a lack of diversity in data sources may lead to bias or incomplete analyses.

It is worth mentioning the previous works conducted in Mexico which identified certain
issues about open data sources for public health, air quality, and crime [22,31,33,56]. First,
some open data did not include geographical data; however, such data might be highly
feasible to be georeferenced. For instance, in the health field, georeferenced data is relevant
to allow a precise understanding of the spatial distribution of diseases [48]. Certain small-
population localities were not accounted for, and much of this information was restricted
by legal aspects, hindering the ability to focus on vulnerable population groups in terms of
health, public safety, and the environment. These barriers point to systemic issues within
data governance that limit access to critical information, particularly for marginalized com-
munities that could benefit the most from geographic insights. Furthermore, discrepancies
exist between identifiers for regional and local administrative delineations across different
open data sources. For instance, this issue was found in data concerning water consump-
tion [34] or the registry of various businesses defining economic activities [37]. Moreover,
McKeen et al. [32], while creating open data for the distribution of residential populations
across forty countries in Latin America and the Caribbean, found a lack of alignment be-
tween transboundary governmental statistics. This misalignment complicates cross-border
analysis and collaboration, which are essential for addressing regional challenges that tran-
scend national boundaries.

While numerous open geographical datasets may exist at the local, regional, and na-
tional levels, they are often not easily discoverable due to the absence of integrated meta-
search engines with OGDIs. Therefore, despite the growing availability of open geograph-
ical datasets, challenges persist in standardizing information from various territorial de-
lineations, sources and themes, and in making it readily discoverable for end-users. This
highlights a critical need for innovative solutions that not only enhance data accessibility
but also ensure the relevance and usability of the data provided.

3.3 Latin American participation in global open data initiatives

In global initiatives and studies, it can be observed that Latin America shows significant
engagement with open data initiatives; however, this varies among sectors [15], and only
a few of them address geographical data. Some initiatives showing the increasing impor-
tance of open data in the region described below.

Since its inception in 2015, of the 97 worldwide national and subnational administra-
tions that have signed and adopted the principles of the International Open Data Char-
ter, 11 national governments and 35 local governments are from Latin America: Ar-
gentina, Chile, Colombia, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Panama,
Paraguay, and Uruguay; a total of 46 representing the 47.2% of the global signatories [39].

More recently, the Latin American Open Data Initiative (ILDA) [27] launched the 2020
Latin American and Caribbean edition of the Open Data Barometer [10,16]. Although nei-
ther applied to OGDIs nor exclusively focused on geographical data, this report clearly
assessed the state of data openness. The report for Latin America concluded that, although
the region has made improvements in open data, it still requires significant or radical trans-
formation. Such a transformation is essential not only for enhancing data accessibility but
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also for addressing systemic inequalities that hinder the equitable distribution of open data
benefits. However, the region risks stagnation, compromising the potential contribution to
more robust democracies, services, and sustainable development. Regarding readiness,
there is an explicit government commitment to releasing open data and developing na-
tional open data portals. The highest scores are found in implementation, though at very
different speeds. In the impact dimension, the region has not yet reaped the expected
benefits [16]. This gap between intention and outcome suggests a need for more robust
evaluation mechanisms to assess the real-world implications of open data initiatives. The
top five countries with the most consolidated open data policies and technical leadership
are Uruguay, Argentina, Colombia, Brazil, and Mexico [16]. The 2020 report also shows
that Latin American countries have progressively improved the evaluation results in the
six barometers conducted since 2013.

Although not recently updated, another international initiative is the Open Data Impact
Map [40]. It is a public database of organizations that showcase open data sources from
90 countries worldwide; 16 are Latin American and Caribbean countries, with Mexico,
Argentina, Brazil, Uruguay, and Colombia the ones with the most registered organizations,
confirming the trend of the ILDA barometer. Among different sectors such as governance,
finance, communications, education, or health, IT and geographic sectors were identified
as the ones that most use open data. According to this report, open geographical data is
mainly used to develop products and services, such as web and mobile applications and
data analytics, as well as organizational optimization, such as strategic and competitive
information. This demonstrates the growing recognition of open data as a valuable asset
for economic development, yet it raises concerns about the inclusivity of these benefits for
a wide range of communities. Other less-reported uses include advocacy and research,
which underscore the importance of collaboration among stakeholders, government,
business sector, and citizens [15]. This collaboration is critical to ensuring that open data
initiatives are not only implemented but also actively contribute to societal improvement
and informed decision-making.

4 Challenges to address in Latin America

As an analytical framework to summarize the ongoing challenges in the Latin American
context, we have extended the OGDI framework for assessing readiness, data, and impact
provided by Vancauwenberghe et al. [52] to also include the methodological and govern-
mental dimensions that play a critical role in the successful design, implementation and
delivery of open geographical data. Therefore, the analyzed dimensions are:

— The data dimension involves the availability, accessibility, and generation of geo-
graphical data by different users inside and outside public administration, as well as
the services implemented for metadata, discovery, visualization, and download. The
data should be openly available to anyone, free of charge, and openly licensed [52].

— The methodological dimension denotes novel modeling approaches and technolo-
gies to acquire, integrate, and update open geographical datasets coming from
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different sources [5] and multi-stakeholders. It favors the integrating of large
structured and unstructured data at various scales and levels of abstraction, while
standards and metadata with a focus on openness are not always available or
implemented [28].

— The impact dimension focuses on the benefits of using geographical data within and
beyond the government to make informed decisions and create new products and
services. The benefits should be continuously evaluated in all dimensions (economic,
environmental, social, and technological, among others), and the beneficiaries and
actors should objectively learn from them.

— The governmental and readiness dimension involves developing and implementing
OGDIs under the umbrella of legal frameworks, guidelines, policies, and political
willingness for openness [1,3,46,52]. Although readiness involves both government
and non-government actors, we highlight the governmental role, and willingness for
fostering policy formulation and the posterior application of such policies.

Some of these dimensions share similar backgrounds, experiences and challenges with
the conventional GDI, but the openness and multi-stakeholders integrations create new
challenges. Furthermore, the involved OGDI multi-stakeholders (government, citizen,
business) are discussed as a complementary dimension along with the other ones. Fol-
lowing, we provide an overview and assessment of recent progress, limitations, and the
remaining challenges that need to be addressed. Figure 2 provides a summary of the main
challenges introduced in this section.

4.1 Data dimension

Innovative and interoperable services for open data. Although conventional GDIs are
already well established in Latin America, the data dimension remains the most developed
dimension among the discussed ones. However, efforts still need to be made to fully con-
sider the potential of accounting for open data. There is a critical need for innovative solu-
tions that not only enhance services for data accessibility but also ensure the relevance and
usability of the data adapted to multi-stakeholders. Standardized and interoperable ser-
vices are already in place, as shown in Figure 1 - Index SPDI [55]. However, most services
are from the government sector and developed by geographical data experts, with incipi-
ent (or even non-existent) citizen and non-government integration and participation. The
use of OGDI data for e-government services has significantly risen across Latin America
in recent years, framed within the Open Government and Open Data programs, as well as
data exchange and interoperability platforms. However, users find it more challenging to
locate the geographical data they need, and formal and organizational structures have thus
far proven ineffective in facilitating this process [5]. They also did not completely address
issues for interoperating open data that are sometimes available in external repositories
and under different standards [28]. Meta-search engines can play a role in the integration
of these external repositories, providing a unified platform for data access, sharing and
discovery. However, the effectiveness of these meta-search engines in bridging gaps in
geographical data access is contingent upon their ability to aggregate high-quality datasets
and ensure they meet standards of reliability and relevance. Maintaining the quality and
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OGDI Challenges - Latin America

01 . Data Dimension

Innovative and interoperable services for open data
Protocols for multi-stakeholders open data integration
Open data from and for the business sector

02 Methodological Dimension N [ 1N
- Methodological consistency and reproducibility .
Innovative GlScience technologies : “ k
03 Governmental and Readiness Dimension
- Government commitment o
Multi-stakeholders commitment : Q
Transitioning GDIs to OGDIs with a multi-stakeholder focus :

Impact Dimension g
04- Monitoring impact : '

Impact within the data value chain
Geographical data literacy.
Citizen engagement.

Figure 2: Main challenges to address OGDIs in Latin America.

innovation of OGDI data and services in the long term raises major technical infrastruc-
ture, data management issues, and organizational challenges [29]. The challenge in this
regard is, in some cases, the lack of familiarity among government personnel with OGDI
technological trends [53]. Additionally, adaptation to the fast-moving technological and
telecommunication trends that support OGDI development raises concerns about the need
for ongoing training and adaptation of services. Therefore, more efforts need to be made
in order to make open data easily findable and usable in an interoperable manner. Since
building usable services and freely open data with quality requirements are not without
cost to the government [50], this is a significant challenge to address. For these, Latin
American governments should recognize that such a cost is a long-term investment that
can generate wealth for every nation.

Protocols for multi-stakeholders open data integration. The availability of open pub-
lic datasets in Latin America, especially from citizen data, is still developing [46]. The
already existing open datasets are generally under-utilized because of methodological dif-
ferences and lack of alignment with government statistics [32]. For such an alignment, it is
essential to avoid unequal representation of populations and regions by paying particular
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attention to gender and inclusive dimensions, ensuring the participation of all individuals
in society [46]. Thus, the integration of reliable observational data requires formulating
appropriate protocols that consider the diverse actors involved in data sampling and vali-
dation [26,54]. The development of protocols should also improve the quality and curation
of data [46]. For instance, Martinez et al. [28] proposed an implementation guide for the
quality of open health data after evaluating open data portals from six countries in Latin
America, highlighting the need for collaboration among data providers. Geographical ex-
perts could use and extend these previous experiences and efforts for the context of ge-
ographical data. Last but not least, OGDI should address privacy and security issues to
safeguard and protect individuals’ data.

Open data from and for the business sector. The integration of the business sector with
new strategies could incentivize investment and profitability [15]. Urgent action must be
maintained with this sector to understand its needs and link them with the generation and
use of open data. Many business sectors still need to learn about the benefits of integrating
open data and geographical information technologies within their business.

4.2 Methodological dimension

Methodological consistency and reproducibility. One major challenge is to address the
diversity in conceptual, geographical, temporal, and semantic dimensions that complicates
methodological consistency and interoperability [30]. The methods applied at the design
and implementation levels are most often not well-defined, leading to reengineering prob-
lems for maintenance and reusability. Thus, OGDIs should be associated with the scientific
expertise and reproducibility principles that support implementation of consistent meth-
ods and efficient use and re-use.

Innovative technologies. There are undoubtedly many innovative applications in
which GIScience and citizen science can be combined to create practical solutions for the
context of OGDI. The expected increase in the availability of interactive, real-time, and
affordable OGDIs will offer many opportunities for citizen scientists to collaborate with
academic scientists, the business sector, and the government. Therefore, complementary
and innovative technologies, such as well-designed Human-Computer interfaces (HCI),
need to be developed to enhance and simplify user integration and interactions, implement
rating and feedback systems, and boost learning processes and capacity building. Geo-
graphical artificial intelligence also has the potential to enhance citizen and entrepreneur
participation by suggesting and prioritizing activities based on their interests and location
and considering previous experience and engagement [8]. In this regard, it is essential
to analyze the expected impact of collaborative approaches and Generative Artificial In-
telligence on developing OGDIs. Appropriate gamification and rewards as motivational
and engaging factors, which have been proven effective in several fields, are still to be
developed in the context of geographical applications, as well as elements to guarantee
transparency throughout all processes.

Additional research questions. Additionally, to the previous challenges, further ques-
tions also arise: What types of open geographical data are being utilized within OGDIs in
Latin America, and what methods and models are commonly employed to analyze and
integrate this data? Are there emerging open geographical data models and infrastructures
that have been successfully implemented across different countries in Latin America, and
how can these models be adapted for broader use? What is the current level of awareness
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and expertise regarding the maintenance of OGDIs in Latin America, and what strategies
are in place to ensure the sustainability and continuous updating of the open data pro-
vided? What are the underlying scientific processes, general processes, and implementa-
tions associated with citizen science activities in the context of OGDIs so that they can be
replicated and their outcomes better understood? To what degree can a concept of method-
ological observational framework be developed to observe current OGDI developments
and practices?

4.3 Governmental and readiness dimension

Government commitment. Explicit Latin America ‘s government commitment to the open
data agenda [28] and to establish national portals is evident [16], as shown by the good per-
formance of the Public Service Delivery Index — PSDI [55] (Figure 1). Nevertheless, there is
still a notable lack of emphasis on open data concerning geographical data, which delays
the achievement of this dimension. Furthermore, this dimension plays a significant role
in Latin America because a formal commitment is challenging to create and maintain [1],
whether political instability is frequent. Such a commitment can be strengthened by em-
bracing an open data model as a fundamental aspect of modern governance by prioritizing
the creation, access, and distribution of both public and citizen data. Therefore, resources,
data integration models, policies, and an organizational structure are needed to institu-
tionalize the integration of citizen data with public data [26]. By recognizing that the actual
value of data lies not in its commercial value but in the services and transparency it can
provide to the public, governments must shift their focus towards facilitating widespread
access. While embracing this approach, Latin American governments will demonstrate a
commitment to democratic principles, ensuring that the wealth of information generated
by private and public institutions is a shared resource, enhancing collaboration and, ulti-
mately, leading to more effective, responsive, and inclusive governance.

Multi-stakeholders’ commitment. Non-government Latin American actors still require
to be integrated since the development of OGDIs has traditionally been conducted pri-
marily by government institutions. A shared vision of open data could be instrumental
to operationalizing stakeholders and citizen collaboration, although this might be chal-
lenged by institutional governance [1]. Stronger links could build a critical capacity for
geographic applications within open data communities [49]. Multi-stakeholders, especially
non-government actors, need to be motivated to participate in and contribute to developing
and implementing the OGDI. They could be involved in both the governance and imple-
mentation, as well as the availability of various instruments could encourage this participa-
tion, including a shared vision and a plan for opening geographical data and OGDI [52]. To
prompt government action, stakeholders should advocate for policies that promote OGDIs,
clearly demonstrating their societal benefits through data-driven case studies. Moreover,
a comprehensive open data directive encompassing all geographical data and a manage-
ment system that includes representation from non-government entities could also play a
role [52].

Transitioning GDIs to OGDIs with a multi-stakeholder focus. OGDI can be boosted
by transitioning GDIs to OGDIs, which raises the opportunity, on the one hand, to build a
community and foster collaboration among GDI experts, government and non-government
sectors to share experiences, knowledge and expertise for policy formulation and, on the
other hand, to learn from international experiences [1]. For a successful transition, it is
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essential to clearly assign roles and responsibilities and define which institutions will be
in charge of developing and implementing such policies [3]. Also, the teams in charge
of guidance and implementing the open data policies require a consistent and sustainable
investment. Furthermore, besides formal, legal, and organizational structures, trained per-
sonnel and people involved in the implementation and awareness of the concept and its
benefits are also needed [5,28,46]. An impulse for institutional enablers is needed to over-
come the high heterogeneity among countries in this regard (Figure 1, GovTech Enablers
Index - GTEI) [55].

4.4 Impact dimension

Monitoring impact. Since rapid OGDIs development is being pursued for the region, there
is a need to design and implement evaluation strategies to observe the impacts and benefits
at large and in a continuous mode. These strategies need to be built locally within Latin
America as well as integrated into the local institution models [26], opening the door to
develop a geographical information science observatory [7]. From this observatory, qual-
itative and quantitative metrics and models should be developed to assess a given OGDI,
the collected open data, and what kind of functionalities and services, at each level, should
be evaluated and adapted to the region. This observatory will also be required to iden-
tify the main geographical data involved and their management practices, as well as the
kinds of communities involved (experts, decision-makers, citizens) and for what sorts of
territorial practices and applications [26].

Impact within the data value chain. Not only an OGDI should qualify the data used
but also the processes under which the data is used (methods and processes to secure the
most significant impact at the citizen level). The impact dimension needs to be added
within the data value chain itself. For instance, by adding to the collection and publish-
ing stages - both being the two usual, well-known stages - an uptake stage (connect data
and users; incentivize users to make informed decision-making; and promote a data use
culture) and an impact stage (relate data and problem-decision processes; combine data
sources and re-use them, track behavior and situation changes) [43].

Geographical data literacy. Although expert geographical data literacy has grown, the
availability of tools and resources to promote data literacy in society is still limited. The
current lack of proficiency in society at large represents a critical bottleneck to the effective
use of open geographical data [49]. This issue is highlighted in Latin America because of
digital divides across the whole region. Establishing and maintaining OGDIs hinges on the
intricate task of fostering community engagement and collaboration and should largely
rely on successful initiatives [26]. This will require the development of an appropriate
education curriculum at different levels of expertise. Low-cost and low-technical (easy to
use) are specific directions to explore and discuss [26], as well as their potential, standards,
and diffusion/acceptance across different regional and user contexts.

Citizen engagement. Implementing an open data model fosters a more informed and
engaged citizenry [29], promoting accountability and enabling innovation. By making pub-
lic datasets openly available, governments empower researchers, businesses, and citizens
to derive insights that contribute to societal progress. Following the principles of citizen sci-
ence, end-users should be involved at the early stage of OGDISs, so this is an open and vital
research challenge [26]. A key question is how best to engage them in this process (partici-
pation, gamification, reward). The availability of public participation platforms and citizen
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feedback mechanisms is essential to guarantee citizen engagement and boost the benefits;
however, so far, citizen engagement is uneven in the region—see Figure 1, Digital Citizen
Engagement Index — DCEI [55]. As the main geographical data generators, governments
should redouble their efforts to include the business sector and citizens in the data open
ecosystem to advance the agenda and generate better and broader data uses to benefit
various segments of society [28].

5 Conclusions

This study showcased the Latin American region by analyzing the recent progress in de-
veloping OGDIs and identifying the main challenges. This study did not seek to provide
an exhaustive review of Latin American open data applications but rather to unveil the
region’s current OGDI landscape. Therefore, we provide practical and methodological
challenges for fostering innovation, citizen engagement, digital transformation, and data-
driven initiatives under the open geographical data umbrella.

While open data initiatives are growing in the region, the amount of open geographical
datasets and initiatives is relatively modest. The early (or delayed) development of OGDI
in the region opens the doors for a timely involvement of citizens and non-government
sectors to share needs, experiences, knowledge, and expertise and adds this topic to the
Latin America research agenda for geographical data. The ongoing development of the
open data community allows for anticipating challenges and learning from this community
experience. This learning process is essential for understanding both the successes and
shortcomings of current implementations. While still in the early stages of development,
this favors a readiness for formulating and adopting open geographical data policies and
innovation.

There is still a need for a minimum level of standardization of common practices for
open geographical data that consider the diversity of regional, socio-cultural, and applica-
tion differences. Indeed, the rapid proliferation of OGDI might lead to inconsistencies and
challenges in establishing standardized practices, especially when projects lack adequate
planning and consideration of existing frameworks. Therefore, every effort should be made
to derive a shared common knowledge and favor capacity building. Governance structures
and funding, maintenance mechanisms and protocols, and legal, ethical, and security as-
pects should also be defined and maintained in the long term to support ongoing data
management and infrastructure development. Validation processes and quality measures
ensure that the shared data adhere to predefined standards and are reliable for decision-
making processes. This is a critical objective to enhance successful citizens’ participation
and the reliability of OGDIs in the long term, as evidenced by various global initiatives
that highlight the importance of such frameworks. This paper intentionally excluded a
discussion of the FAIR principles to maintain a focused scope, although the connection be-
tween OGDI, FAIR, and open research is acknowledged. Surely this issue warrants further
exploration in future studies.

It is important to note that addressing these challenges should not occur in isolation
from one another despite having been identified in different dimensions. Instead, they
should be interconnected and implemented cross-dimensionally. For example, establishing
clear protocols, methodologies, and policies will enable the integration of citizens, business,
and non-governmental actors for data generation and utilization. Similarly, enhancing ge-
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ographical data literacy will promote open data availability and facilitate the adoption of
innovative technologies and the assessment of their impact.

OGDIs could play a significant role in transparency in government operations and
decision-making. Thus, ethics, data governance, bureaucratic barriers and security issues
should be addressed collectively to foster a more inclusive and effective open data ecosys-
tem. The digital divide among and within countries imposes an extra challenge for widely
achieving a homogeneous advance in OGDI and citizen participation from different sec-
tors.

Communication and interaction between different regional OGDIs should be a signif-
icant direction for exchanging experiences and practices as well as data for boundary-
bridging between different disciplines. There is an opportunity for the region to develop
an observatory to evaluate options for implementing theoretical, methodological, and tech-
nologically innovative frameworks [7]. By instrumenting such observatories, the aim is
to provide better opportunities for cross-fertilization within the field and to improve the
potential of geographical information science in research, academia and at large for the
general public. The rationale for this proposal relies on the already well-established GDIs
in the region accompanying (non-thematic specificity) open policies as well as the already
built experience on citizen and non-government integration made by open data communi-
ties. Regional and transnational organizations can play a role in developing and supporting
good practices and capacity-building for transitioning from GDIs to open ecosystems.
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