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Digital public goods (DPGs), ifimplemented with effective policies, can facilitate the realization of the
United Nations Sustainable Development Goals (SDGs). However, there are ongoing deliberations on
how to define DPGs and assure that society can extract the maximum benefit from the growing number
of digital resources. The International Research Center of Big Data for Sustainable Development Goals
(CBAS) sees DPGs as an important mechanism to facilitate information-driven policy and decision-
making processes for the SDGs. This article presents the results of a CBAS survey of 51 respondents
from around the world spanning multiple scientific fields, who shared their expert opinions on DPGs
and their thoughts about challenges related to their practical implementation in supporting the SDGs.
Based on the survey results, the paper presents core principles in a proposed strategy, including
establishment of international standards, adherence to open science and open data principles, and
scalability in monitoring SDG indicators. A community-driven strategy to develop DPGs is proposed to
accelerate DPG production in service of the SDGs while adhering to the core principles identified in the
survey.

Introduction

Growing accessibility to digital technologies and their integration into the daily lives of billions of people has led
to rapid transformations in modern societies, including: improving communication, introducing new business
opportunities while better facilitating existing enterprises, offering greater access to educational opportunities,
and improving access to information and services related to finance, investment, health care, and other essential
and recreational amenities'. This digital transformation has also opened up new opportunities for progress on
multinational collaboration in addressing the risks and challenges that we face collectively. With an emphasis on
science, technology, and innovation, the United Nations (UN) is working to improve multi-stakeholder cooper-
ation for technological innovation to achieve the Sustainable Development Goals (SDGs) and to encourage mul-
tilateral coordination between stakeholders through its Technology Facilitation Mechanism (TFM). Realizing
the importance of digital technologies within this context, the UN Secretary-General convened a High-level
Panel on Digital Cooperation in 2018 to advance proposals to strengthen cooperation in the digital space among
governments, the private sector, civil society, international organizations, academic institutions, the technical
community, and other relevant stakeholders. The report by this High-level Panel not only influenced the content
later released in the Report of the Secretary-General’s Roadmap for Digital Cooperation, but also elaborated
upon the issues surrounding the digital sphere. The report recommended the promotion of an inclusive digital
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economy and society, digital public goods (DPGs), digital inclusion, improving digital capacity, establishing
digital human rights, responsible applications of Al, digital trust and security, and global digital cooperation®™.

The increasing emphasis on digital technology is due to its growing influence and rapid adoption, driven
by its potential to enhance economic growth and by the value it can provide for companies and communities
pushing rapid development of necessary infrastructure and services®. This value is partially due to the growing
volume of valuable data produced daily as a result of human interactions with digital technology, and partially
due to its use across a wide range of digitized services that provide enormous potential for both commercial and
research purposes®. Understandably, the growing volume of digital data is also highly desirable and useful for
developing a consensus on causes, drivers, impacts and trends of sustainability challenges in various communi-
ties worldwide. Digital knowledge systems, if open and freely accessible, can also support the implementation of
solutions that are traceable, verifiable, and quantifiable by the scientific community across the world. However,
despite all advancements in digital technologies, the understanding of how these digital resources can serve the
2030 Agenda for Sustainable Development and the SDGs remains abstract. To move this discussion forward,
this paper explores the question how can the global community promote consensus and develop new mechanisms
to best utilize digital resources to achieve the SDGs?

In the UN Secretary-General’s Roadmap for Digital Cooperation, the concept of DPGs provides a useful
mechanism to address the translation of raw, multi-source data into actionable information for policy and deci-
sion making. DPGs generally include datasets, software, and other digital content made openly accessible to
the public. However, as there does not yet exist a universally accepted definition for DPG, there are attempts to
create a clearly defined standard for what constitutes a DPG’. The term DPG stems from the existing economic
concept of public goods and its derivation, global public goods (GPG). In a broader sense, public goods are
defined as goods that are accessible to all without exclusion or inhibition®. From the more traditional public
goods of massive infrastructure, such as national highway systems and national parks, to more recent ones like
television networks and internet infrastructure, the gradual trend of digitalization and globalization represents
society’s adaptation to new technologies®!°.

GPGs have been an influential apparatus for the international community, especially for the UN, to push for
universally beneficial initiatives such as the Millennium Development Goals (MDGs). Similarly, there is tre-
mendous potential for DPGs to facilitate the implementation of the 2030 Agenda for Sustainable Development.
However, unlike the extensive body of work available on GPGs, concepts regarding DPGs are still in the pro-
cess of development!*!2, The term “digital” refers to resources that can be created, modified, shared and made
accessible by means of digital or information technologies, which can also be communicated through the IoT
(Internet of Things) infrastructure'®. What makes a digital service or resource a “public good”, however, is still
under debate.

The Digital Public Goods Alliance (DPGA) has made significant contributions in promoting the concept of
DPGs and their accessibility, particularly in low- and middle-income countries’. As a broad multi-stakeholder
alliance, DPGA has established a platform for sharing DPGs and defined a set of nine indicators as a benchmark for
defining five categories of DPGs: 1) open Al models, 2) open content, 3) open data, 4) open software, and 5) open
standards. The nine defined indicators drafted by the DPGA are: a) relevance to SDGs, b) use of approved open
licenses, c) clear ownership, d) platform independence, e) documentation, f) mechanisms for extracting data, g)
adherence to privacy and applicable laws, h) adherence to standards and best practices, and i) safe, private,
secure, and legal content. These indicators offer a sound intellectual and functional foundation to promote
open science and improve the quality and accessibility of DPGs'%. They are also in alignment with the princi-
ples of open science recently agreed upon by the member states of the United Nations Educational, Scientific
and Cultural Organization (UNESCO)**. However, it has been reasoned that these definitions equate free and
open-source software and services with DPGs and promote production aspects (design, development, and dis-
tribution) rather than adoption and appropriation to match local demands'. The indicators for the SDGs, inter-
nationally accepted within the UN, describe benchmarks to ensure quality, accessibility, privacy, and security.
These are quite useful at an organizational and institutional level for implementing and facilitating sustainability
projects. However, they have not always proved to be functional at different levels of governance for policy devel-
opment processes or administrative oversight. The same can be said when they have been used internationally
to measure the progress made and the levels of sustainability achieved, due to the diversity of choices among
DPGs and the operational and institutional standards adopted by the various subjects involved. Therefore, in the
context of the SDGs, in addition to facilitating the development, accessibility, and discoverability of DPGs, there
is also a pressing need to identify and build consensus concerning the most relevant and effective options that
are currently available'®. Further exploring the relationship between DPGs and SDGs will create opportunities
to realize the potential of DPGs.

The current progress in innovative technologies, the growing role of big data, and the continuous improve-
ment of Earth observation platforms and technologies all promise to support the critical role of DPGs for SDGs
by providing instruments to monitor the SDG indicator framework and to produce data for policy and decision
support systems'’~'°. The global SDG indicator framework provides a foundation for quantifying SDG pro-
gress through monitoring social, economic, and environmental dimensions, as well as a means to demonstrate
interdependency and synergy among these various dimensions of sustainability?®. SDG indicators provide an
important means to inform national-scale policies and support development of implementation strategies and
allocation of resources. In recent years, the use of big data based on comprehensive observations to pursue the
SDGs has begun to be considered a valuable option®!. The information generated on the five Earth systems
(geosphere, biosphere, cryosphere, hydrosphere, and atmosphere) has significant value and, once data con-
cerning these multiple interacting systems is made increasingly accessible to the public, the information will
stimulate public awareness, knowledge, and research in order to encourage innovative solutions for globali-
zation and regional challenges on a local level®. This concept is also fully in line with the efforts of the United

SCIENTIFIC DATA| (2023) 10:875 | https://doi.org/10.1038/s41597-023-02803-x 2


https://doi.org/10.1038/s41597-023-02803-x

www.nature.com/scientificdata/

Nations Environment Programme (UNEP) to promote environmental data as a DPG. Unfortunately, the lack of
access to qualified and timely datasets and methodologies hinders progress, particularly due to the added com-
plexities of uneven development and capacity challenges between different regions and countries®. Therefore,
there is a need for mechanisms (e.g., software models and tools) to develop simplified information products
delivering standardized information for uniform adoption and wider acceptability for each spatial scale.
This will strengthen the ability of public systems to adopt and utilize this information in their policy and deci-
sion development processes.

While DPGs are required to be published as open data, open software, and open computational infrastruc-
ture and services, DPGs in the context of SDGs also include standardized, scientific, and credible mechanisms.
These mechanisms give the necessary context and understanding when framing justifiable actions that ensure
sustainability with the best possible synergy between the three dimensions of the SDGs (economic, social, and
environmental)'®. Like existing public goods (roads, communication networks, etc.) that provide access and
services to all, DPGs for SDGs should ensure accessible mechanisms and resources to convert multi-source data
to information. Moving forward, it is therefore necessary that DPGs for SDGs are developed using innovative
data sources and methods based on the principles and standards established by the DPGA, while at the same
time focusing on mechanisms for wider acceptability, compatibility, and adoption by communities allowing for
comparable and multi-scale monitoring of SDGs around the world?*-2.

In recognition of the particular needs of DPGs related to sustainability research, the International Research
Center of Big Data for Sustainable Development Goals (CBAS) develops SDG data infrastructure that heavily
relies on and promotes the concepts of open science and DPGs, such as the SDGSAT-1 satellite and the SDG Big
Data Platform. Considering the inherent complexity of multisource data integration and analysis, as well as the
challenges in communicating actionable information to policy and decision-making systems, CBAS identified
DPGs as an important means to facilitate information-driven policy and decision-making processes for SDGs?.
CBAS organized an expert survey to consult with researchers and professionals within its network of collab-
orators specializing in the fields of Earth observation, Digital Earth, and big data as a consultative exercise to
identify core principles and possible key actions to guide and inspire new ideas and concepts in future research
and capacity development efforts toward evaluating and assessing SDG indicators®-3!.

A detailed methodology of the survey and analysis of the results is provided in Section 5. In summary, the
authors reached out to 300 experts from around the world based on their participation in relevant conferences
and analyzed the 51 survey responses received to form the recommendations and conclusions presented in this
article. In addition to the stated objectives of formalizing core principles and key actions, the authors also dis-
cuss and propose a cooperative framework with a participatory approach to developing DPGs based on the core
principles identified within the survey.

This survey provides an initial effort to develop a broad framework for engagement with other relevant
organizations and stakeholders to deliberate on practical opportunities for the development of DPGs for SDGs
to support policy and decision-making processes.

Results

Most of the international experts who were consulted agreed in principle with the premise that DPGs can and
will help the achievement of SDGs. However, they also pointed out that this achievement is not unconditional
and guaranteed, with about 13% of respondents believing that DPGs might only conditionally advance the
SDGs. The answers highlighted the factors necessary to ensure a correct identification and evaluation of DPGs:
the definition of concepts, the recognition of initiatives and experiences, and the role of organizations, cooper-
ation, and political support. Only after consideration of these factors can the DPGs be reliably transformed into
a common tool and be made accessible for wider dissemination for the SDGs. Otherwise, SDG research may
not make progress at the pace which the funding allows. This was particularly cited as a necessary condition for
the successful deployment of DPGs for SDGs. Implementing this concept will represent a massive global big
data enterprise. Ensuring multi-stakeholder commitment and promoting solidarity through a well-managed
cooperation mechanism were also considered important to guarantee continued support for a global program
on DPGs for SDGs.

Several important resources were recognized to be relevant to DPGs for SDGs. Due to the location-based
attributes of SDG targets and their indicators, Earth observation data and geographic information (along with
their respective software, models, standards, and technologies) were indicated to be important digital resources
for a rapid implementation of SDGs at global, regional, and local levels.

A good example of such resources is represented by Big Earth Data, which provides essential context to
enable professional and political decision-making toward implementing the SDGs*>*. As such, about 35%
of experts specifically cited Earth observation, remote sensing, or Big Earth Data as key assets. The relevance
of mobile data for mapping human activity was also stressed as a key data resource due to the high volume
of mobile devices in use throughout the world. As suggested by one of the respondents, “Science is now big
data centric.” Therefore, big data, Al models, and several variants of these digital resources and methods were
widely considered to be important instruments that can fuel the development of DPGs**. Finally, a minority
of experts have proposed, as essential sources of information, in-situ observational data and (experimental)
model-generated data to simulate soil, atmosphere, and ocean processes utilizing deep learning techniques.

Overall, the experts expressed strong support for open data, open databases, open data models, and
open-source software; these keywords are present in about 63% of the answers relating to core digital princi-
ples. FAIR (Findable, Accessible, Interoperable, and Reusable) data principles also had strong support among
respondents, and FAIR was specifically referenced several times®. Experts considered scientific and data
infrastructures (such as data cubes and high-performance computing resources) as important assets and dig-
ital technologies that are necessary for the development of high-quality DPGs and the facilitation of the rapid
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implementation of the SDGs globally. Several respondents also highlighted the importance of multi-source data
and data interoperability approaches to generate and advance digital resources that are useful for achieving the
SDGs globally. These digital resources can then be complemented with open software to promote innovation.

However, experts also stressed that the most important aspects of ensuring the success of any DPG initiative
are the will and ability to act. As an example, to determine the effectiveness of a DPG initiative, it was suggested
to consider the following factors: the level of access, the tools available, and the users’ skills. Around 23% of the
experts cited education and training as a key action or challenge to move forward with DPG implementation
and overcome existing barriers. Similarly, the allocation of financial resources was cited as another critical lim-
itation. While the digital technologies and resources required to facilitate DPG development are increasingly
available, current limiting factors include the shortage of funding, data sharing, and access to scientific mode-
ling infrastructures. These issues have limited the pace of progress, hurting developing countries in particular.
The respondents also recognized that legislative, geo-political, socio-economic, and cultural challenges have
hindered progress. Along the same lines, some respondents argued that isolated activities have produced dupli-
cated actions at the cost of time and resources. Therefore, coordinated efforts across administrative boundaries
were considered highly desirable. With this in mind, the need to improve the capacity of developing countries
to address multinational and coordination challenges was stressed. In particular, investments are needed to
improve the knowledge and ability to acquire data from multiple sources, to use analytical tools, and to access
computational models to facilitate this process.

Defined core principles and key actions.  With their responses, the experts identified several core princi-
ples and a broad range of key actions. Among the proposed principles, the most commonly stressed point was the
need to ensure that information and data are accessible to the public to promote awareness, knowledge, research,
and innovation and to encourage innovative solutions to global and regional challenges. This principle was indi-
cated in about 70% of the answers. Table 1 lists the core principles along with a set of associated key actions, which
were defined by the experts to facilitate and guide the development process of DPGs for implementing SDGs. The
principles and actions shown in the table are the result of synthesis and grouping operations carried out by the
authors of this article.

Discussion

In the past decade, the availability and knowledge of digital tools and resources have rapidly improved world-
wide. Nevertheless, the differences in capacity and priorities will likely be a problem for any development process
working to produce DPGs for SDG indicators, which are intended for global use. The survey results highlighted
that more than 30% of the experts believe a single program or a single agency is not in a position to facilitate
the development of the diverse range of DPGs necessary for generating SDG indicators. Rather, this endeavor
requires international and multi-stakeholder cooperation. Based on these opinions, the authors developed a
consensus on the need for a cooperative framework applying a participatory approach that should observe the
principles of the universality of science in accordance with the first Core Principle identified in Table 1.

Considering Key Actions 1.1 and 1.2, which promote open science, inclusivity, consultations, joint contribu-
tions, and shared benefits, this paper suggests a community-supported open-source development approach that
will improve innovation and novelty in methods and processes. Supported by a UN-driven recognition program,
talent at all skill levels could be encouraged to participate in this community-led development process.

The community approach provides a multi-stakeholder development process that not only provides a strong
process to identify, sort, and develop mainstream DPGs for SDGs, but also creates an opportunity to hear from
stakeholders from different scales and perspectives. If properly managed, it has the potential to also address the
paradoxes identified regarding scaling challenges of DPGs™. The community-based approach also supports the
idea of a continual development process that enables new ideas to flourish and to be recognized.

A more detailed, tentative flowchart of the proposed process is provided in Fig. 1. The current framework is
by no means complete and devoid of any flaws, but nevertheless there is strong potential for using this process
to create mechanisms for supplying and scaling DPGs to different communities globally. The following section
highlights important challenges that were identified by the authors during discussions and provides suggestions
on the key actions to address these challenges.

Organizational challenges. DPG development that applies the open-science paradigm and is supported
by the DPG community at large would be an attractive solution for addressing many implementation issues.
This kind of governance scheme would provide the necessary bottom-up approach that is suggested by Key
Action 2.1 of Table 1 (Core Principle 2). In addition, it would help encourage highly talented data scientists,
programmers, and digital technology experts to voluntarily participate in devising novel solutions, as indicated
by Core Principle 3. However, organizing and streamlining these efforts could prove very challenging. In the
absence of a designated team, an open-source development environment could lead to competing methods and
products. Addressing this challenge will require efficient Quality Assurance and Control (QA/QC) mechanisms
(Core Principle 5). Similarly, a community-based development approach could improve the efficiency of the
development process, particularly one in which expert volunteers collaborate with research and academic insti-
tutions to broaden the scope of development against defined goals and deadlines.

Some of these governance challenges could be solved by appointing product leaders for the separate classes of
DPGs as defined by DPGA (i.e., models, content, data, software, and standards). These managers could be des-
ignated by the various agencies that manage and maintain the different SDG indicators. The designated product
leaders would work as focal persons for collecting community input, while having a clear understanding of the
SDG indicators at hand and the related auditing requirements. Finally, they might help organize the commu-
nity development process, as per Key Action 3.2, and provide relevant guidance to community developers and
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Core Principles Possible Key Actions

1.1 Promote open science, open data, and open knowledge.

1 Universality of science 1.2 Encourage scientific partnerships, collaborations, cooperation, and multi-disciplinary
stakeholder engagements.

2.1 The development process of DPGs for SDG indicators should incorporate multi-stakeholder

2 Scalability engagement and a mechanism for a bottom-to-top approach.

3.1 DPGs for SDG indicators should be initiated as community-supported open-source projects to
drive innovation and creativity.

3.2 Create global SMART (Specific, Measurable, Achievable, Realistic, and Timely) objectives,
aligning with national goals.

3 Inclusive and innovation-driven 3.3 Ensure participation and engagement of relevant stakeholders from developing countries and
development process local communities.

3.4 Identify and engage projects and organizations already developing similar or related digital
products to avoid duplication.

3.5 Promote interdisciplinary collaborations and pooling of digital and human resources between
participants, leading organizations, and public sector institutions.

4.1 An open online distribution platform for DPGs for SDG indicators supporting information and
application infrastructure should provide access to the necessary tools, resources, and data used in
4 Availability and accessibility to all the development of DPGs.

without restrictions

4.2 Intuitive and friendly user-interface for wider adoption and public awareness.

4.3 Compliance with FAIR principles.

5.1 A system of quality control, standardization, and accreditation through an expert oversight
committee with the support of a UN custodian agency should be set up.

5 Quality, acceptability, impartiality, 5.2 Ensure and maintain effective data standards and regulations.
and reproducibility

5.3 Highlight usability through case studies, pilot projects, and demonstration studies.

5.4 Develop a mechanism for user support and documentation to attract adoption and utility.

6.1 Educational support to promote development of skills at all levels.

6 Enhanced training and upskilling — - - - - .
across sectors/nations 6.2 Promote inspirational content to motivate younger generations to contribute their expertise to

this public process in the future.

Table 1. Core Principles and Possible Key Actions as suggested by the experts for developing DPGs for SDG
indicators.

serve as a preliminary QA/QC. Subsequently, in a second phase of the development process, a “Committee of
Experts” could be established to evaluate the different digital products received and act as a higher level of QA/
QC in keeping with Key Actions 5.1 and 5.2. The Committee of Experts could select a list of viable products to be
tested and verified by National Statistical Offices (NSO) for compliance and applicability (see Fig. 1). In addition,
they could help achieve Key Action 5.3. After verification from NSOs, the product could be adopted through a
designated political forum for SDG evaluation reporting purposes by interested countries and organizations.

In the development process discussed, however, there are possibilities for duplications of effort. Acting on
Core Principle 4 (Key Actions 4.1, 4.2, and 4.3) will provide the necessary resources and information to avoid
possible duplications. A descriptive and open catalog of ongoing developing efforts should help potential devel-
opers understand which ideas are truly innovative, thus saving time and avoiding unnecessary effort.

An important organizational challenge will be to fund support systems (Core Principle 4). There
have been growing calls by the UN, for example, during its World Data Forum 2021, for more effec-
tive investments from governments, the private sector, civil society, and the philanthropic com-
munity to help strengthen data systems; for example, via commitment to the Bern Data Compact
for the Decade of Action on the Sustainable Development Goals (https://unstats.un.org/sdgs/hlg/
Bern-Data-Compact/). More recently, the Hangzhou Declaration: Accelerating progress in the implementation
of the Cape Town Global Action Plan (CTGAP) for Sustainable Development Data (https://www.un.org/en/desa/
un-world-data-forum-closes-hangzhou-declaration-charting-accelerated-progress-implementation) states that
one of the new priorities has been identified as, “Innovation and modernization of national data and statis-
tical systems, with particular focus on addressing the monitoring needs of the 2030 Agenda for Sustainable
Development,” as well as, “Dissemination and use of sustainable development data”. Based on these develop-
ments, there is potential for governments to pool funds to establish support systems under a credible framework.
One such framework is the World Bank-supported Global Data Facility (GDF). The World Bank’s policy briefing
has launched two data financing mechanisms, including the UN-hosted Complex Risk Analytics Fund, to sup-
port open data ecosystems for crises-related applications, and funding to low- and middle-income countries for
investment in data systems®”. Therefore, there are potential mechanisms and institutions that are being set up to
facilitate similar efforts and provide a framework that can be built upon for development of support systems for
this community-driven open-science process. Considering that the World Bank announced a campaign to raise
$500 million USD over 10 years for data research®, it will likely be an attractive prospect for governments and
the private sector to fund support systems and to share data samples in return for working solutions that can be
implemented locally or duplicated in other regions with minimal effort in the spirit of collaborative develop-
ment, provided the QA/QC systems are satisfactory.

There are also existing online programs, such as Google Earth Engine, CASEarth Big Earth Data Platform,
Global Earth Observation System of Systems, UN Global Pulse, and GDE, that can be used to organize and host
support systems needed for the community-driven process®*~*!. Alternatively, initiatives such as Invest in Open
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Fig. 1 Proposed community-driven open-science process to develop DPGs for SDG indicators.

Infrastructure (IOI) argue for community-owned open infrastructure to promote research. These initiatives rely
on external funding and donors to support specific projects and provide interesting opportunities to identify and
organize community-driven DPG projects under international frameworks such as the UN. Despite uncertainty
regarding the exact sources of funding, there are encouraging signs that institutions such as the World Bank
and the UN are leading new initiatives to attract public and private funding to support development of data
infrastructure and resources that can also support the proposed community-driven approach toward DPGs for
SDGs.

Data and model standardization challenges. SDG indicators are quantitative assessments of economic,
environmental, and social progress. Developing any DPG related to SDG indicators therefore requires access to
relevant datasets, as introduced by Core Principle 4. One issue is that several SDG indicators still lack sufficient
data. Additionally, the adoption of a community-supported framework for open science might prevent different
statistical agencies from openly sharing data due to national legal restrictions on security, privacy, and commer-
cial laws. For software and model development, this data sharing challenge may be mitigated by developing a set
of standardized datasets that are publicly accessible, with the aim of testing and evaluating the performance of
new methods, which is a common practice within the data science community. The best performing models and
methods using standard metrics and standardized datasets can then be used by NSOs, according to their digital
environments, to verify performance for relevant scales. This solution would help achieve Core Principle 2 (see L3
in Fig. 1). Alternatively, encouraging the use of publicly available resources, notably remote sensing data, might
help mitigate data access issues and support the development of globally usable multi-scale products.

Several experts highlighted the importance of data and model standardization and the interoperabil-
ity therein. This is because, traditionally, diverse formats and systems have been used for data collection by a
plethora of organizations in multiple countries due to their differences in purpose and utilized instruments.
Furthermore, heterogeneity also exists between and among the public and the private sectors. As a result, the data
and model frameworks governing the collection and analysis of data related to SDG indicators are characterized
by heterogeneous and changing capabilities. All this diversity complicates the standardization and interoperabil-
ity processes among different regions, especially for community-driven development, as discussed in this study.

Open science and the collaborative development process highlighted in this paper would benefit from the
initiation of a UN program to develop a database that collects data samples while preserving the formats and
structure of relevant datasets of different countries and systems on SDG indicators. This action could strengthen
the work of the developer community and enable the data science community to understand the structure and

SCIENTIFIC DATA | (2023) 10:875 | https://doi.org/10.1038/s41597-023-02803-x 6


https://doi.org/10.1038/s41597-023-02803-x

www.nature.com/scientificdata/

formats of a wide range of datasets. Furthermore, this would serve to develop programs and processes to create
standard datasets, to fill in some data gaps using alternative sources, and to devise interoperability and standard-
ization solutions, while also supporting the objectives of Key Action 5.4.

Capacity, politics, and acceptability challenges. Several experts underlined the need for capacity
building in all countries, and in particular developing countries, starting with landlocked and small island states.
The survey results suggest that some regional and societal constraints and technical differences may reduce the
ability to develop and adopt DPGs for SDG indicators. The open science approach, integrated with programs for
the development of human resources and supported by international organizations and the UN, can contribute
to rapidly improving the technological capacity of competent organizations in different countries. This, however,
needs to be organized in parallel with digital infrastructure and accessibility development programs, which are
considered under the Secretary-General’s Roadmap for Digital Cooperation. More generally, all DPGs approved
at L2 (Fig. 1) should be supported by a user-oriented training program for educational and skill development in
line with Core Principle 6.

Another major challenge the experts highlighted was the legislative and political obstacles that must be over-
come to improve cooperation between countries. This action needs to be addressed by different stakeholders.
The Multi-Stakeholder Forum on Science, Technology and Innovation for the SDGs (STI Forum), convened by
the United Nations Economic and Social Council (ECOSOC), is an important platform to support this process
and to improve accessibility to technology for developing nations to build their capacity toward digital develop-
ment. Political, social, and governance challenges were also highlighted as part of the grand challenge of build-
ing institutional trust around the development of open-source projects. Efforts at the policy level (Fig. 1, L4)
can help streamline this process. Additionally, through community-supported open-source projects, it will be
possible to recognize and adopt a variety of implementation choices. Pilot studies and demonstration cases by
NSOs, based on the proposed solutions, can help inform decision-makers of a scientific consensus using the best
implementation methods (Key Action 5.3).

Way forward. Rapid global progress in science and technology has been the primary driver for unprece-
dented development, innovation, and progress in human society. These innovations have demonstrated advan-
tages in a variety of societal, economic, cultural, and environmental aspects. In particular, digital technologies
and their applications have heavily impacted all levels of socio-economic classes around the world in the past few
years.

As such, the experts in the conducted survey agree that DPGs have enormous potential to facilitate global
sustainable development. Experts highlighted how big data, artificial intelligence, geospatial data, and the latest
digital technology tools are crucial for a wide range of applications related to monitoring and managing natural
and human systems. Based on the analyzed responses and suggestions, this report proposes six fundamental
principles and several related key actions necessary for the systematic development of DPGs for the generation
and maintenance of the SDG indicators.

These core principles are provisional but provide a good starting point for initiating a comprehensive dia-
logue highlighting DPGs for the SDGs as a concept. Future actions include refinement of the core principles
and the development of a consensus to facilitate the key actions introduced. The Summit of the Future and
the Digital Compact provide opportunities to discuss these concepts and gather global support for the actions
suggested in this manuscript to achieve the 2030 Agenda for Sustainable Development. The propagation and
implementation of these principles require a global platform and support from intergovernmental mechanisms.

The best chance to create a reasonable and standardized framework for developing DPGs lies in cooperation
between multiple stakeholders and the UN. Actions for the further discussion of possible processes and stand-
ards, the collection of existing problems and promising solutions, and the collection of further suggestions and
comments from the international community can contribute to this cooperation. It is also necessary to coordi-
nate activities between multinational initiatives focusing on the broad theme of DPGs for the SDGs on the one
hand and open science challenges on the other. Once the discussion is finalized and a viable system has been
produced, the last hurdle will be political commitment to implement the strategy; this will be essential to harness
the full potential that DPGs offer in achieving the SDGs.

The presented analysis offers a preliminary process inspired by expert comments and based on the core
principles inferred from the survey responses for an open-source development environment required to build a
system of DPGs for SDG indicators. The process aims to inspire innovation by engaging a community of talent
that can contribute expertise to the creation of a grassroots movement working toward global sustainability.
The process would incorporate the necessary QA/QC measures and policy oversight to ensure multi-stakeholder
engagement at national and international levels. The community-driven open-science process proposed is a step
toward organizing international efforts to direct research on a larger scale and could be highly valuable as we
move forward into the second half of the 2030 Agenda for Sustainable Development. There is great potential in
the proposed approach to ensure that digital resources relevant to monitoring SDGs are regularly updated to
incorporate rapid developments in science and technology, ensuring that their benefits remain accessible around
the world to support information, science-driven policy, and decision support systems.

Methods

CBAS conducted a consultative survey with the aim of benefiting from the diverse expertise of a group of inter-
national experts. The goal was to shape a broad conceptual framework based on the experiences of a set of rel-
evant experts who have worked in multiple international initiatives, projects, and organizations in the fields of
Earth science, Digital Earth, big data, Earth observation, and other related fields. The survey was communicated
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Fig. 2 Geographic scope of the survey, showing the number of respondents per country ranging from 1 (light blue)
to more than 5 (dark blue).

via email to more than 300 individuals from a database created from the registrants of conferences organized by
CBAS over the past five years, without emphasis on concentrating survey results from any particular region. The
experts were asked to help identify opportunities and challenges in the conception of DPGs for SDGs, and were
requested to share: (a) their opinions and ideas on the viability of DPGs for SDGs; (b) their suggestions on core
principles; (c) a set of key actions necessary to develop the proposed framework; (d) a list of existing resources
to help realize and drive the process; and (e) the most important challenges expected in the realization of this
international framework, as summarized in Section 3. In all, 51 experts from 13 countries/regions responded
to the invitation to participate in the survey (Fig. 2). Out of these experts, 36 were from China, including 1
from Chinese Hong Kong. The remaining 15 experts were from various regions around the world. Specifically,
there was 1 expert each from Israel, Ethiopia, Russia, Switzerland, Mexico, Morocco, the United Kingdom, Italy,
Sudan, and Hungary, with 3 experts from the United States and 2 experts from Finland. The survey design was
based on several key points agreed upon by all authors and later approved following reviews by all authors
before final circulation. The first key point was that the questions should remain open-ended to allow freedom
to respondents to introduce ideas and concepts in their own words to accurately reflect their views. Secondly, a
list of keywords was also agreed upon to limit the scope of the responses to a manageable level and ensure that
responses meet the necessary context. These keywords included “digital public goods”, “SDGs’, “science, technol-
ogy, and innovation”, “data and information”, and “multi-stakeholder cooperation”. Thirdly, the survey sought to
avoid excessive ambiguity by designing questions that are direct but still consultative in nature.

The survey, which has been provided in this article’s supplementary materials, was sent to respondents with
a concept note to share a compiled summary of UN actions and interests toward DPGs and references or links
to relevant documentation and websites*”!°. The survey responses were proofread for basic grammar and clar-
ity, though an effort was made to retain original keywords and phrasing. All experts were asked to share their
opinions in detail and elaborate on topics coinciding with their personal research directions and interests. The
concept notes also stated that the goal of the survey was to collect diversified yet practical opinions from the
experts for each question. The experts were also requested to preferably limit their response to a maximum of
500 words to encourage descriptive but concise responses to each question. The survey itself consisted of a total
of seven questions. The questions can be divided into four groups, with the first two questions focusing on a
broader understanding of the concepts and perspectives of each individual respondent. The second group of
questions (3 and 4) was designed to collect core principles and key actions from all respondents. Questions 5
and 6 focused on the likely challenges of solution implementation due to the dynamic changes in the digital
landscape. The final question asked the respondents to predict the potential for strengthening multi-stakeholder
cooperation concerning DPGs.

The analysis of the responses was conducted manually by CBAS, going through each individual survey
response. Following the anonymization of responses, ideas were first collated from all responses received from
the experts. The expert opinions were grouped together to define the proposed DPG concept and existing
resources were highlighted for developing DPGs for SDG indicators (for the results, see Results). A set of core
principles was compiled along with relevant key actions, as suggested by the experts (see Defined core principles
and key actions). Then, through extensive deliberation and exchange of ideas between all authors within the
context of the responses received, the preliminary concept for a community-driven approach was outlined and
refined. Following feedback from multiple reviews of the subsequent drafts, the proposed finalized approach,
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policy recommendations, and possible solutions were adopted. The proposed preliminary concept conformed
to a set of core principles that were identified by the experts. For a discussion of the identified challenges and a
proposed framework building on the ideas and opinions expressed by the experts, see Discussion.

Data availability
The anonymized survey responses collected and analyzed during this study are included in the supplementary
information files provided with this article (https://doi.org/10.6084/m9.figshare.23692758)*2.

Code availability
No custom code was written to analyze the survey data described in this article.
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