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partnership established in 2022 to build a more productive, resilient and
sustainable Murray—Darling Basin for current and future generations.

From Queensland to South Australia, we are facilitating collaboration
between universities, industry, business, government, not-for-profit
organisations and local communities, across the agriculture, environment,
water and technology sectors, working towards our vision of growing the
value of water in a changing world.

Acknowledgement of Country

We acknowledge and pay respect to the Tradition Owners of the Murray—Darling Basin and their Nations.
We pay respect to the Traditional Owners of the lands and the waters upon and around which our
organisations are situated. We acknowledge their deep cultural, social, spiritual, environmental and
economic connection to their lands and waters. We pay respect to their Elders — past, present and future.

Acknowledgement

A special thank you to Dr. Hannah Feldman for taking the time to review this report and provide valuable
feedback. We greatly appreciated your comments and hope we have done them justice.

Project Team (in alphabetical order)

e Josh Anderson, Sensand e  Christian Leon, Sensand e Caroline Rosello, The Australian
Technologies Technologies National University

e Luna Andreux, Sensand e  Petr Matous, The University of e Alyx Selsmeyer, Sensand
Technologies Sydney Technologies

e Darcy Clarke, Sensand e  Frank Marazita, Sensand e Elizabeth Tait, University of South
Technologies Technologies Australia and Charles Sturt

e Nectarios Costadopoulos, Charles| e  Peter Moulton, Sensand University
Sturt University Technologies e Fateme Zare, The Australian

e Joseph Guillaume, The Australian| e  Tahmid Nayeem, Charles Sturt National University
National University University

e Dauglas Juma, Charles Sturt e Jenny Phyo, Sensand
University Technologies

Citation: Rosello, C., & Guillaume, J.H.A., 2025, ‘Meta-Analysis of Ontologies and Data Schema used for Planning and
Management in the Murray Darling Basin’, Technical report, One Basin CRC, Australia.

Document status record

Issue No. Date of issue Description Signatures/Authors Approved

1 16 Jun 25 Submitted Caroline Rosello Joseph Guillaume

Unlocking Collaborations Meta-analysis of ontologies and data schema



This report is a collaboration between the following organisations.

O N E Aust;m Guve:-nment

BASIN s

C RC Cooperative Research
Centres Program

PR Australian
<= National
University

Institute for
Water Futures

All information, data and opinions contained herein are provided in good faith on an ‘as is’ basis for general information purposes only and not as
specific advice. Subject to applicable laws, no representation or warranty as to its reliability, accuracy, completeness or fitness for a particular purpose
is provided. If you use, or rely upon the information, data or opinions contained herein you do so at your own risk and you acknowledge that the

authors and publishers have no liability in relation thereto.

Unlocking Collaborations Meta-analysis of ontologies and data schema



Contents

EXECULIVE SUMMIAIY ...ceuuvenniiienriiiniiiiensisineiossnsisisnsisssssossssisssssessssisssnssssssssssnsssssssessnsssssnsssssassssnsass 6
Project motivation and report PUrPOSE ........ccciiiiuiiiiiiiiiiiiiieiiieeitinetiesssiertesmiessessssessessssssssnsssssaes 6

1Y =1 1 3T T PPN 6
RESUIES ..iiiiiierieiiisiiiiiiiieiiesiiiiiiirersatsseenettresssssssssisestnesssssssssssesseesssssssssssssssesssssssssssssssesesssssssssssssnnnnne 6
Overview of data assets and their use for planning and ManNagemMeNt .........ccccvviieiee e e 6
Identified high-level requirements and potential gaps across data assets........ccoceierieriiieieniieeiee e 7
DISCUSSION ceuiiieeiiieeirieiiieeireeiirusiiraestraeisrasssrasssrssssresssssasssrsssssasssrsssssesssssnsssenssssasssssssssasssssnssssnssssnssssans 8
0o T ol [T o T T3 9

1. T o T [ 7 o 1 1o o J 11
1.1.  Motivations fOr the Project........cieeiiiiieieiiiirerrrreresrrreee s rreaneeserassessesnssessennssessennssesnennnnnns 11
1.2.  Report pUrpPose & StrUCTUIE .....c.ciuiiiuiieniieiieieriieteiieeiteetiesstastrasernscensssssrsserasernsessssssssssssasssnsssns 11
2. L2 1 1 T T KN 11

2.1. Ontology for decision-support tools to inform planning and management in the Murray Darling
Basin 12

2.2. Meta-analysis and SYNTRESIS ......ccceuuiiiiiiiiiiiiirccr e errere e s e e nase e s s enns s sesnnsssseenssnssesnnsnnnens 13
3. ROSUIES c.eeeeeeiieeiiiiiiiiiiiiiiieiisiiiieseisisseaissesssssesessnssossnsisssassssssssssnssssssssssnsssssnsssssnsassnsssnen 15
3.1. Overview of data assets and their uses for planning and management ........cc.ccccceerenereencrennnnne 15
3.1.1. Data assets and information COVEIagE ......oiuiiiiiiiieeeiee ettt sttt e e 15
3.1.2. Uses in planning and ManagemeEnt .......coueiiieiiieiiie ettt ettt ettt et et nee e 18
3.1.3. Y7 1G] o] o LT Y AT LT =) SRR 21
3.2. Identified high-level requirements and potential gaps across data assets.......cccceeeeeiirrrrrnnnnanens 23
3.2.1. Requirements for data integration and interoperability..........cccccoeiiiiiieecciiie e, 27
3.2.2. RequiremMents for USEr @XPEIIENCE ......cuvuii ettt ettt ettt e st e st e st e e sabeesaseesabeesaree s 29
3.2.3. Requirements for temporal data, both influencing the scope of datasets and user experience........... 32
3.2.4. Requirements for data accessibility and quality, for enhancing user experience with data assets and
CONETFIDULION 1O HAASELS ..eoueiiiiiieiiie e ettt st e st e s bt e e bt e s beeebeesabeeebeesabeeenneenane 34
4. [T Tol 7 X o o 38
4.1. Overview of existing data assets and uses in the Murray Darling Basin ..........ccccceeeeeiiiinnrnnnnnnnn. 38
4.2. Implications of identified gaps and requirements across data assets.........cccceveeneiicisrinnennnnenens 42
4.2.1. Enhancing inclusivity and comprehensiveness of datasets........cccccviiiiieeeeiiiie e 42
4.2.2. Improving the design and functionality of data @assets.......ccccevueeriiiiiieniiei e 46
4.2.3. Enhancing user engagement with data assets and datasetS........ccccvevcieeeeciee e 49
5. CONCIUSIONS «...ceeeeeeeeeeceeeeeeeiieeeiceeeeereisereeestneessnssessassssesssssassssesssnsnsssssnssessansnsnnssssnnnns 51
APPCNAICES ....eeeneeeeeereneeerenereurereusereneseeenssesensssssssessassesssssssnssssesssesssssssnssesssssssnssessnssessnssssnssosen 54
Appendix A. Theory of Change (ToC) underpinning the whole project, including this report ............... 54
Appendix B. Information types identified across data assets........ccccceeerereniiiiieeiiiieeesieeneeeeeeeeeeneeeeenan 57
Appendix C. Uses of data assets for planning and management..........ccceeiiiririiiiiriiiiieeecninnenenccnnenen. 62

Unlocking Collaborations Meta-analysis of ontologies and data schema



Appendix D. Identified stakeholders in planning and management using data assets ...........cccceeeeeeeee. 73

Appendix E. Identified over-arching requirements and associated gaps across the analysed data assets

E.1. Requirements for data integration and interoperability ........ccocccoerieiiiiniiinii e 79
E.2. REQUIrEMENTS fOr USEI EXPEIIENCE .. eiiitiieeeiieeeeeitee e sttt e e ettt e e eetee e e sttt e e e etteeeseasaeeesataeeeastaeesassseesansseeeansseesennsees 89
E.3. Requirements for temMpPoral data .......occueeeeiiiii e e s e e et e e s erae e e e et e e e entr e e earaeas 96
E.4. ReqUIremMents t0 @CCESS 0Ata .....eieuiiiiiiiiieitieet ettt ettt et et sab e e bt e sat e e bt e e sane e bt e e saneeneas 101
E.5. Requirements fOr data QUAlITY ....cccueeiicieie et e e et e e e e e e e s aae e e et r e e eenseee e sanbeeeennraeeenanns 106

Table of Figures

FIGURE 1. INITIAL ONTOLOGY CATEGORIES. THEMATIC LEVELS ARE SHOWN IN BLUE BOXES, WITH 1°" LEVEL REPRESENTING THE MOST

AGGREGATED CATEGORIES. .vvtitteitieiteeiteeteete st e et e bt et e et e et e s ta e s ae e s he e s be e beeabe e ab e e be e e be e b e et e e et e e abe s heesheeabe e beeabeeaseebsenbsenbeeaben 12
FIGURE 2. OCCURRENCE OF IDENTIFIED INFORMATION THEMES ACROSS DATA ASSETS. ......ooiuiiuieiiiiniieniieieesiessteeseesseeseensesnnesanesanesaes 16
FIGURE 3. OCCURRENCE OF IDENTIFIED PLANNING AND MANAGEMENT AREAS ACROSS DATA ASSETS. .......cceevuiniiinrieniieiinieene e 19
FIGURE 4. STAKEHOLDERS IN PLANNING AND MANAGEMENT POTENTIALLY USING DATA ASSETS. ......cccouiiiiiieiieetieeiee e enee et s 22

FIGURE 5. OVERVIEW OF IDENTIFIED HIGH-LEVEL REQUIREMENTS AND THEIR IMPORTANCE, BASED ON POTENTIAL GAPS ACROSS ANALYSED
L ] 24
FIGURE 6. POTENTIAL OVERARCHING REQUIREMENTS AND ASSOCIATED SUB-REQUIREMENTS ACROSS DATA ASSETS. .......cvvvurerererernrerennns 26
FIGURE 7. OVERVIEW OF DATA ASSETS, THEIR COVERAGE, AND POTENTIAL USE IN PLANNING AND MANAGEMENT. RED TEXT INDICATES
POTENTIAL GAPS IN THE COVERAGE OF SOME DATASET SUB-CATEGORIES, WHILE COLOURS LINK INFORMATION TYPES TO PRIMARY DATA
ASSET TYPES. THE YELLOW BOX SUMMARISES EMERGING OPPORTUNITIES FOR IMPROVEMENT. ....uuiiiiieeeeeeseiireeeeeeesesinreeeeeeesenaas 39
FIGURE 8. SUMMARY OF IDENTIFIED FACTORS INFLUENCING THE INCLUSIVITY AND COMPLETENESS OF THE SCOPE OF DATASETS. POTENTIAL

UNDERREPRESENTED OR MISSING DATASETS ARE LISTED IN THE BLUE BOX. ..vuuiuniiniiieieiiieiieineiiieiinei et ieie st snsasassiesassnsansansannes 43
FIGURE 9. SUMMARY OF IDENTIFIED FACTORS INFLUENCING THE DESIGN AND FUNCTIONALITY OF DATA ASSETS. ......ovvvrereeenaninreeerenasannns 46
FIGURE 10. SUMMARY OF IDENTIFIED FACTORS INFLUENCING STAKEHOLDER ENGAGEMENT WITH DATA ASSETS AND DATASETS. ............... 49

Unlocking Collaborations Meta-analysis of ontologies and data schema



Executive summary

Project motivation and report purpose

Sharing data and knowledge can drive transformative change in the Murray-Darling Basin (MDB). This report
supports the vision of a unified "One Basin" digital platform—an ambition of the CRC project Unlocking
Collaborations for Transformation—by examining existing data assets, including models and databases, used
across the Basin. Rather than critiquing current tools, the report explores their functions, limitations, and
contexts of use to identify opportunities for improved knowledge exchange, stakeholder engagement, and
adaptive planning.

This report, as the fifth deliverable of Work Package 1, is a meta-analysis of ontologies and data schemas,
building on earlier work cataloguing MDB data assets (Deliverable 3). It links data assets and associated
information types to potential planning functions and users, identifying gaps and opportunities for digital
innovation.

These insights aim to inform future digital platform design and help unlock cross-sector collaboration for
more resilient, inclusive, and informed decision-making in the MDB.

Methods

This report used a structured, ontology-based framework combined with a semi-systematic meta-analysis to
categorise and examine over 60 data assets relevant to planning and management in the Murray-Darling
Basin (MDB). These data assets — existing representations of systems and data sources encompassing models
and data catalogues/databases - were analysed across ecological, economic, cultural, and infrastructure
domains. Each data asset was categorised and described based on its functions, structures, functions in
planning and management, focus areas, and user groups/stakeholders.

Two complementary meta-analyses were conducted:
1. Cross-asset mapping — linking information types to planning activities and stakeholder groups.

2. Gap analysis — using thematic coding to identify potentially missing or underdeveloped features
across data assets.

Together, these analyses facilitated a systematic investigation of potential gaps and requirements across data
assets, presenting possible case study avenues for future improvement opportunities to enhance the value
of data assets and their alignment with decision-making needs in the MDB.

Results

Two types of results are presented. The first outlines the types of data assets and their contributions to
dataset categories, planning and management and stakeholders. The second presents potential gaps across
data assets, reframed as requirements.

Overview of data assets and their use for planning and management

Data assets and information coverage

Five main types of data assets were identified: models, databases, dashboards, portals, and applications.
Collectively, these data assets covered multiple thematic areas, including water resources; agriculture and
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farming systems; land and environment; ecosystems and biodiversity; governance and administrative
boundaries; communities and society; and infrastructure and the economy. Frequently represented
information included surface and groundwater data, water quality, biodiversity, land cover, geographic data,
weather, and administrative boundaries.

Specific data asset types appeared to show more characteristic patterns:
e models tend to emphasise climate, surface water and crop data
e applications often featured water availability and water allocations
e portals provided access to various open data or specific administration and regulatory datasets

o dashboards offer visual summaries across all identified categories in general, with seemingly less
focus on agricultural data

e databases cover broad topics, especially land cover and land uses, topography and geography,
biodiversity, population and demographics, transport and utilities and business and economic data.

Potential thematic coverage gaps may be expected (e.g., water service provider data in models), while others
may highlight missing or underrepresented information in dataset scope of certain data assets, such as
models that may present limited representation of Indigenous data, agribusiness sectors like fisheries and
forestry, and some spatial data layers for strategic infrastructure and environmental management.

Uses in Planning and Management

Data assets were identified to support 13 core planning activities ranging from water and environmental
management to policy, infrastructure, and socio-economic development. Most frequently, data assets
appeared used in research, education, policy, and regulation. Uses tend to align with specific data asset types
- for instance, databases appeared to facilitate policy development, while models tended to support
environmental assessments and climate adaptation. Less frequent associations were noted in urban water
planning, agribusiness operations, financial risk assessments, socio-economic sustainability, and Indigenous
knowledge and governance.

Stakeholders/users

Eight overarching stakeholder groups were identified as potential users of data assets, including government
agencies, researchers, industry, water professionals, Indigenous and non-Indigenous communities,
educational institutions, and financial sectors. National and states government agencies and research
institutions appeared to be the most common potential users. Some data assets, such as citizen science
databases, seemed explicitly designed to engage the public. However, barriers to access or engagement may
exist for several groups, especially regional communities, citizen scientists, water operators, and financial
and investment stakeholders.

Identified high-level requirements and potential gaps across data assets

The thematic analysis identified five cross-cutting themes for gaps, reframed as high-level requirements or
areas for improvement across data assets. These requirements along with the associated potential gaps are:

Data Integration and Interoperability:

Many data assets appeared to have narrow dataset scopes and limited integration across sectors and tools.
One observed gap was related to constraints for scaling methods to represent spatial and thematic coverage,
especially for socio-economic, cultural, governance, and non-market data. Other identified gaps consist of
incompatible technologies, insufficient cross-institutional frameworks and data-sharing protocols, unsecured
or missing data pipelines and APIs, and limited comprehensive metadata and documentation.
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User Experience:

Usability and functionality/utility of data assets appeared to vary across analysed tools, with gaps observed
particularly affecting non-expert users. Identified barriers included non-intuitive user interfaces (Uls), poor
documentation or resources tailored to users, limited analytical tools and export options, lack or limited
collaborative features, inadequate search functionality, and the absence of mechanisms to ensure data input
inaccuracy.

Temporal Data:

Temporal coverage varied across data assets. Three types of temporal data appeared necessary for
understanding and capturing changes in socio-ecological systems viewed as complex adaptive systems (SES-
CAS)®: long-term historical, real-time, and future scenario data. Potential gaps included the digital availability
of historical records, absent or infrequent data updates, static assumptions, and limited transparency on
forecast uncertainties.

Data Access & Data quality

Two types of data access were identified: access and contribution to data. Access to data appeared
constrained by restrictive licensing, technological incompatibilities, or weak data preservation/versioning
practices. Potential contribution barriers included repository restrictions for some data sources, lack of
recognition for non-traditional data sources (e.g., citizen science, some social sciences such as sociology,
anthropology and psychology), ethical concerns, or misalignment with Indigenous data sovereignty
principles. Both types of access appeared limited by digital literacy and the ability of some stakeholders to
engage with data assets and datasets.

Data quality requirements appeared necessary to ensure consistent and good data collection, management,
documentation and storage practices across heterogenous sources and to enable data sharing and
collaboration. Observed gaps across data assets included the absence of comprehensive performance
metrics, limited or missing data governance frameworks, lack of clear data standards and insufficient
frameworks for First Nations data sovereignty.

Discussion

The discussion synthesises findings from the meta-analyses of data assets, drawing on existing literature to
highlight potential opportunities for improvement and future research. From the review of data asset types,
their information coverage, uses and users, three potential priority areas for enhancement emerged:

1. Expanding dataset scope to better capture the complexity and interconnectedness of SES-CAS?
2. Improving data asset design and functionality to support usability and scenario exploration

3. Enhancing user engagement with both data assets and datasets to enable co-learning, transparency,
and collaborative decision-making.

The five high-level or overarching requirements and their sub-requirements identified in the gap analysis
appeared to underpin these priorities, offering insights into potential root causes and directions for solutions.

1 Combining socio-ecological systems (SES) and complex adaptive systems (CAS) frameworks is valuable because they offer complementary
perspectives. SES provides an integrative lens for analyzing the interdependencies between human and ecological systems, particularly focusing on
governance, institutions, and resource use. However, relying solely on SES may risk excluding important cross-scale drivers, political dynamics, or
cultural dimensions if system boundaries and institutional contexts are not carefully specified, leading to partial or skewed understandings of system
dynamics and adaptive capacity. CAS complements SES by emphasizing system dynamics, non-linearity, feedbacks, emergent behavior, and adaptive
processes, which are critical for understanding how complex systems respond to uncertainty, shocks, and change.

2 |bid.
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Challenges in creating inclusive and comprehensive datasets included limitations of scaling methods to
provide disaggregated and contextual data across multiple spatial, temporal, and organisational scales;
difficulties in capturing whole-of-system dynamics; and insufficient representation of behavioural and
institutional factors. Potential improvements may include enhanced metadata, establishing integration and
interoperability standards, supporting participatory co-design with diverse stakeholders (especially relevant
for First Nations Communities), and deploying Artificial Intelligence (Al)/Machine Learning (ML) tools to
identify data gaps and improve coverage.

Design and functionality improvements could focus on enhancing the usability and utility of data assets—
such as developing intuitive interfaces for non-expert users, supporting modular architectures for
‘customising’ data assets according to representation and analytical needs, and transparent documentation
of assumptions and uncertainty. Greater attention to uncertainty, for example using mixed methods
(quantitative and qualitative), may also enhance support for robust and adaptive decision-making.

Finally, more effective user engagement could be fostered by supporting digital literacy, collaborative data
platforms, open access — balanced with enhancing legal and ethical and advancing digital equity through
inclusive governance and infrastructure development. Upholding Indigenous data sovereignty, including
adherence to CARE and FAIR principles and ethical frameworks like the AIATSIS Code of Ethics, would be
critical.

Taken together, these observations suggest the need for data assets that are tailored, inclusive, adaptive,
and collaborative — positioned to support future-readiness and integrated, participatory, and resilient
decision-making in the MDB.

Conclusions

Building a future-ready data ecosystem in the Murray-Darling Basin may require moving beyond siloed and
technically fragmented systems toward integrated, inclusive, and adaptive approaches. Addressing current
limitations or gaps in data scope, design and functionality, and user engagement would enable robust and
equitable decision-making under uncertainty.

To support this shift, six recommendations for action are proposed:

1. Investinintegrated and scalable data architectures to build modular and interoperable systems that
can enable data and knowledge-sharing across disciples, sectors and scales

2. Co-create datasets with communities and cross-sector actors to ensure that data reflects place-
based realities, diverse perspectives and lived experiences

3. Design tools for improved usability, learnability, and transparency by enhancing user interfaces,
offering practical guidance and clearly documenting methods, assumptions and uncertainties

4. Embed collaboration features into data platforms to include shared workspaces, enable effective
communication and feedback, and foster knowledge co-production and continuous improvement

5. Advance digital literacy and equity to ensure that marginalised and underrepresented groups have
the skills, access and support needed to engage meaningfully with data

6. Align with CARE and FAIR principles to embed and strengthen ethical data governance and
Indigenous data sovereignty, ensuring that data access and use are transparent, equitable and
beneficial for all communities.
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Collectively, these actions provide a potential roadmap for reinforcing the MDB’s data foundations -
supporting more inclusive, informed, and adaptive responses to the Basin’s complex and evolving socio-
ecological challenges.
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1. Introduction

1.1. Motivations for the project

Sharing data and knowledge has the potential to drive transformative changes in the Murray Darling Basin
(MDB). This report supports the vision of a unified "One Basin" digital platform—an ambition of the CRC
project Unlocking Collaborations for Transformation—by examining existing data assets, including models
and databases, used across the Basin. While the concept is compelling, its practical scope, structure and value
proposition remain uncertain.

This report seeks to clarify that vision by examining some existing data assets — including models and
databases — currently used in the MDB. Rather than critiquing these tools, our aim is to understand their
limitations or gaps and contexts of use. This analysis will help inform the potential design of a digital platform
that enhances knowledge exchange, strengthen stakeholder engagement, and support more robust and
adaptive planning and management.

1.2. Report purpose & structure

This report as the fifth deliverable of Work Package 1, is a meta-analysis of ontologies and data schemas?,
building on earlier work cataloguing MDB data assets (Delivery 3). It links data assets and associated
information types to potential planning functions and users, identifying gaps and opportunities for digital
innovation.

Insights from this report are intended to inform future case studies and digital platform design by helping to
determine whether One Basin CRC should invest in a digital platform for knowledge and data sharing, how it
could work, and the value it would provide.

This report is structured as follows:

e Section 2 outlines the methods used for the meta-analyses, including the ontology developed to
categorise and describe key features of the selected data assets.

e Section 3 presents the results, highlighting potential gaps and associated requirements for data
assets to enhance planning and management decisions, including through improved data sharing.

e Section 4 discusses these findings and highlights potential improvement opportunities to enhance
data asset value for planning and management.

e Section 5 summarises key insights and possible recommendations for action.

2. Methods

This section introduces the ontology developed to support the meta-analyses and two meta-analyses used.
To ensure this ontology and the meta-analyses align with different project deliveries, some beyond the scope

3 Data assets in this report are discussed broadly, noting that some disciplines may distinguish more specifically between data assets, data schemas,
and ontologies. As this report also considers the technical structures that define how data is organized within data assets (data schemas), and the use
of ontologies to describe how data assets are linked to planning and management domains, both data schemas and ontologies are included within
the broader exploration of data assets.
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of this report, a theory of change (ToC), detailed in Appendix A for interested readers, was also laid out to
ensure the report outputs are 1) consistent with the contracted deliverables, 2) consistent with the intended
impact of the project, 3) aligned with the ambitions and resource limitations of the delivery team.

2.1. Ontology for decision-support tools to inform planning and
management in the Murray Darling Basin

A conceptual ontology was developed to describe data assets and their functions or roles in supporting
planning and management within the Murray Darling Basin (MDB). This ontology was designed to facilitate
comparison across selected data assets (see Section 2.2) and to highlight key features and potential gaps.

An ontology refers to “an explicit specification of a conceptualisation” . It provides a structured
representation of a domain of interest, using a descriptive vocabulary and logical framework composed of
definitions and axioms®. Simply put, it defines what key elements mean in a specific topic area (e.g., water,
model) and how they relate to one another, enabling users to interpret and use data consistently.

While various forms of ontologies exist, the one developed here uses a natural language-based syntax rather
than a formal, machine-readable one. Though less detailed than computational ontologies, it serves as a
foundational step toward more technical applications, such as developing interactive catalogues or
supporting meta-analyses. The methodology to develop the ontology builds on the approach proposed by
Ramaprasad and Syn®.

Figure 1 presents the initial categories used to characterise data assets and their connections to planning and
management. These categories were iteratively refined through the exploration of specific data assets (see
Appendices B, C and D) and from feedback from the ANU project team. Figure 1 does not include the full set
of detailed subcategories identified through thematic analysis. These finer-grained elements—many of which
emerged iteratively during the review of data assets—are excluded here for clarity and brevity.

Data assets Planning & Management

[for]
Types [for] Functions [wijth] Data structure [and ] Datasets Functions [x] Focusareas [used by] Stakeholders

+ Categories
* Types

+ Temporal scales
+ Spatial scales

Figure 1. Initial ontology categories. Thematic levels are shown in blue boxes, with 1% level representing the
most aggregated categories.

Describing ‘data assets’:

o Types refer to primary classification of data assets as presented on their hosting websites (e.g.,
model, portal). Each type provides distinct ways for users to interact with data.

4 Gruber, T. R. (1993). A translation approach to portable ontology specifications. Knowledge Acquisition, 5(2), 199-220, p.199.
https://doi.org/10.1006/knac.1993.1008

5 Neuhaus, F. (2018). What is an Ontology?. arXiv preprint arXiv:1810.09171.

6 Ramaprasad, A., & Syn, T. (2015). Ontological meta-analysis and synthesis. Communications of the Association for Information Systems, 37(1), 7.
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e Functions describe the intended use or task associated with a data asset type — such as downloading
datasets, exploring trends, or conducting scenario analysis.

o Data structure is shaped by the ‘Functions’ of a data asset, which influence the kind of data required
and how it must be formatted, stored, linked and documented. For example, dashboards typically
required structured, real-time data in standardised formats to support live visualisation. Data
structure also encompasses data access and sources, which both influence and are influenced by
data structure. For example, datasets with clear metadata and consistent data formats (e.g., CSV,
shapefiles) and interoperable structures are more likely to be open access, as they are easier to share
and integrate.

e Datasets are the core information elements hosted or produced by data assets. They are categorised
based on thematic areas or categories (e.g., water), types (e.g., timeseries) and their spatial and
temporal coverage (Figure 1, 3™ level).

Describing ‘planning and management’
This category captures how data assets and their datasets are used in practice:

e Functions describe specific tasks supported by data, such as monitoring water quality or allocating
resources

e Focus areas link those ‘Functions’ to broader planning and management domains, such as water
planning, environmental management or infrastructure development.

Describing ‘stakeholders’

Stakeholders are presented as a standalone category without a strict hierarchical connection to data assets
or planning and management. This choice reflects the dual role stakeholders may play as data providers or
developers, and as users of data in support of various planning and management activities.

2.2. Meta-analysis and synthesis

Meta-analysis refers to a set of approaches used to statistically synthetise data on the effects of
interventions, often to support evidence-based policy or practices, or to inform the design and funding of
new research’. While commonly applied to systematic reviews, this project used a semi-systematic review
to explore existing data assets relevant to planning and management in the MDB.

A semi-systematic review was chosen over a fully systematic one because the aim was not to
comprehensively assess all MDB-related data assets, but rather to:

e develop a broad understanding of the data asset landscape
e identify key themes, and
e highlight potential gaps.

These insights are intended to support the development of a research agenda - including case studies — and
guide the development of tools that enhance data and knowledge sharing?.

A total of 60 data assets relevant to planning and management in the MDB were selected and categorised
using the ontological framework (Figure 1). This effort builds on previous work in the project (Model and
data catalogue), which primarily focused on cataloguing the ‘Functions’ and ‘Datasets’ of some MDB data

7 Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2021). Introduction to meta-analysis. John wiley & sons.

8 Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business Research, 104, 333-339.
https://doi.org/10.1016/j.jbusres.2019.07.039
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assets. For the purpose of this meta-analysis, additional descriptions were developed, as outlined in Section
2.1

Selection criteria for the data assets included:
e Direct relevance to the Murray Darling Basin (e.g., MDBA portal)

e  Utility for local stakeholders such as Local Governments or sectoral groups (e.g., Albury City Mapping
portal, Waterfind)

e Representation of jurisdictions in both the Northern and Southern Basins (e.g., DataVic, SAILIS,
Queensland Globe, NSWLPI)

e Coverage of diverse themes, including:

o infrastructural planning, development and management (e.g., renewable energy, roads,
telecommunications, storages)

o sectoral economic data (e.g., utilities data, agriculture data, mining data, tourism data)
o Indigenous and non-indigenous cultural heritage data

o demographics data

o societal projections (e.g., Shared Socioeconomic Pathways)

o water and environmental management (e.g., water allocations and markets, conservation
areas, land use and land cover, biodiversity and biosecurity)

o climate data (e.g., extreme events, physical parameters).

o National-scale data assets, used in the Murray Darling Basin (e.g., Atlas of Living Australia,
Data.gov.au, CSIRO Data Access Portal, eWater Source, APSIM, NARCLiM, AWRA-L,
Geofabric, Water Market Information).

~

/A Note: The data-asset inventory compiled for this study is representative, not exhaustive. Assets
were purposively selected to span multiple spatial scales, sectors, and stakeholder interests within
the Murray—Darling Basin. Additional relevant resources exist outside this sample. Furthermore,
several fine-grained ontology categories—especially those relating to data structure and dataset-
level details —could not be fully populated due to access restrictions, time constraints, and the sheer
volume of available information to review. As such, findings should be interpreted as indicative of

broad patterns and gaps, not as complete census of MDB data assets. /

\_

Two types of complementary analyses were undertaken:
1. Cross-data asset mapping

This analysis sought to map relationships between data asset types with information types (‘datasets
categories’), planning activities (‘focus areas’) and stakeholder groups. To enable thematic visibility, the most
detailed hierarchical levels were used, consisting of: fifth level for dataset categories and fourth levels for
planning and management and stakeholders (see Appendices B, C, and D). Data mapping was conducted in
Excel, classifying different data asset types. The contribution of each data asset type across categories was
estimated by summing the coloured coded cells classified in each theme.
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2. Asset-specific gap analysis

As data assets were described and categorised, some potential limitations or gaps were noted — both from
disclaimers on host websites, some user feedback and inferences from observed features such as usability
issues for non-experts in geospatial systems. These limitations/gaps were further analysed in NVivo 12 using
inductive thematic analysis and organised into thematic categories. Potential gaps were then reframed as
requirements and sub-requirements to enhance the value of the data assets for planning and management.
These themes and their occurrences are summarised in Appendix E and Section 3.2. It is important to note
that this analysis does not aim to critique individual data assets, but rather to surface potential needs and
opportunities for improvement across available data assets.

Together, these two analyses provide both a broad overview of the existing data landscape and specific
insights into gaps and opportunities. The cross-data mapping identifies high-level thematic patterns, while
the gap analysis provides more granular insights that can inform future case studies and tool development.
Collectively, the findings contribute to efforts toward a digital platform for shared knowledge and data to
enhance decision-making in the MDB (see Theory of Change, Appendix A).

3.Results

Two types of results are presented. The first outlines the types of data assets and their contributions to
dataset categories, planning and management and stakeholders. The second presents potential
gaps/requirements across data assets.

3.1. Overview of data assets and their uses for planning and
management

Cross-mappings of the contributions of data asset types to three ontological categories (see Figure 1) -
dataset categories, planning and management focus areas and stakeholders - are presented in the following
sections. Appendices B, C and D provide additional tables with the ontological levels describing thematic
categories and mapping data asset types across these three categories.

3.1.1. Data assets and information coverage

Five types of data assets were identified: models, databases, dashboards, portals and applications. These
data assets appear to provide information covering a broad spectrum of sectors and thematic areas, including
water resources; agriculture & farm systems; land & environment; ecosystems & biodiversity; governance &
administrative boundaries; communities & society; and infrastructure & economy (Appendix B, Table B.1).

Figure 2 summarises the coverage of information categories across these data assets.
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Figure 2. Occurrence of identified information themes across data assets. Categories are listed by alphabetical order.
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Common information types across data assets include surface water and groundwater resources, water

quality, biodiversity, land cover and uses, topographic and geographic data, current and historical weather
data and administrative and regulatory boundaries and processes — each appearing in more than 15 data

assets.

Each data asset type tended to focus on particular types of information:

Models are prominent sources of historical and current weather, climate scenarios and extreme
weather, surface water resources and agricultural information, especially on crop types and
productivity.

Applications frequently provide data on surface water and groundwater resources, reservoirs and
storages, and water allocations and uses.

Portals falls into two categories: open data portals and organisational websites. The former type
presents similarities with catalogues and databases and provides information generally focused on
current and historical weather, surface water resources and water quality. The latter type often
provides information on administrative and regulatory boundaries and processes, including zoning,
cadastral information and location of heritage and conservation assets as well as mining areas.

Dashboards generally offered visual summaries across most categories but appeared less focused on
agricultural topics across the analysed data assets.

Databases tend to cover most of the categories, especially land cover and land uses, topography and
geography, biodiversity, population and demographics, transport and utilities and business and
economic data.

Figure 2 suggests some potential gaps (see Appendix B, Table B.2, red cells). Some gaps may be expected
(e.g., water service provider data in models), but others may indicate missing or underrepresented
information in dataset scope in some data assets. For example, models may present:

e Underrepresented Indigenous data or mining data
e Underrepresented or missing agribusiness data (e.g., fisheries, forestry).

e Missing data layers including for the location of (planned) strategic infrastructures (e.g.,
renewables) and environmental management initiatives

This analysis identified five key types of data assets —models, databases, dashboards, portals,
and applications— that collectively support diverse thematic domains, including water
resources, agriculture, ecosystems, land use, governance, communities, and infrastructure.

While some common information types appear well-represented across data assets, each data
asset type serves distinct informational roles. For example, models tend to emphasise weather
and climate scenarios, surface water, and agricultural productivity; applications seem to focus
on water allocations, reservoirs and storages, and surface water and groundwater; portals
provide either open data or regulatory and cadastral information; dashboards offer visual
summaries across most themes; and databases offer the broadest thematic coverage,
especially in land use, biodiversity, demographics, and economic data.

Despite this diversity, some data gaps may exist. Some are expected—such as water utility data
being uncommon in models—but others indicate potential blind spots. For example, models
may be limited or lack of representation of data on Indigenous communities, agribusiness (e.g.,
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D

fisheries, forestry), and spatial layers on strategic infrastructure (e.g., renewables) and
environmental management initiatives.

3.1.2. Uses in planning and management

The analysis identified 13 key planning and management activities supported by data assets:
1. water resource planning and management
2. environmental planning and management
3. land use, urban and regional planning
4. disaster risk management and emergency planning
5. strategic and adaptive planning and management
6. agricultural, farming and irrigation planning and management
7. policy and regulation
8. infrastructure planning and development and asset management
9. community engagement and advocacy

10. Indigenous knowledge and governance (encompassing both governance of Indigenous knowledge
systems (e.g., data sovereignty) and governance processes that involve Indigenous Peoples (e.g., co-
governance))

11. socio-economic planning and development
12. research, education and capacity-building

13. financial risk, insurance and budgeting

Detailed descriptions of these categories are presented in Figure 3 and Appendix C (Table C.1).
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Figure 3. Occurrence of identified planning and management areas across data assets.
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Data assets seem to frequently be used for research, education and capacity-building, followed by policy and
regulation; infrastructure planning and development and asset management; environmental monitoring,
assessments, planning and management and water planning and management. Other areas of uses included
stakeholder engagement, information and consultation; environmental restoration, conservation, heritage
protection and sustainability; urban planning, development and management; and land use planning and
development.

Certain data asset types appeared more aligned with specific activities. For example,

o Databases are found to be more often aligned with policy and regulatory contexts, particularly for
assessment, development or implementation.

e Models often support environmental assessments, agricultural planning— especially at farm levels -
and adaptive planning and climate action.

Despite broad usages, some potential gaps may exist across all or more specific data asset types (see
Appendix C, Table C.2). For example:

e Portals, dashboards and databases, which primarily provide access to datasets, appeared less
frequently used to support water-sharing plans, urban water planning, agribusiness planning and
operations, crop planning, financial risk® assessments (including drought insurance), and budget
planning or forecasting.

e Models and applications, offering more interactive and analytical features, showed limited
integration of Indigenous knowledge and governance. This includes supporting co-governance with
First Nations or Indigenous policy development, representing Indigenous management initiatives and
incorporating mechanisms for Indigenous data sovereignty and governance.

e All data asset types, when considered individually, appeared to have limitations in supporting socio-
economic planning and development. For example:

o portals and dashboards appear rarely used to inform energy transition, poverty alleviation
and sustainable socio-economic development.

o models and dashboards seem not commonly applied for housing and property development
or in evaluating development projects.

o databases appear underutilised for assessing social resilience or supporting social services
planning and development

The data assets seem to underpin a wide range of planning and management activities,
spanning environmental and water management to policy, infrastructure and socio-economic
developments. More frequently uses are identified in research, education and policy processes,
with specific types — such as databases, models and dashboards — showing particular strengths
in different planning and management areas. However, some gaps may exist across data assets,
taken individually. For example, models and applications may not or under-represent

9 Financial risk is potential for financial loss due to various factors, such as market fluctuations, interest rate changes, or credit defaults. The focus is
on the potential for monetary loss or financial damage. In contrast, economic risk encompasses broader market conditions and macroeconomic
factors that can affect a business's stability, profitability, and long-term success. The focus is on the overall economic environment and its potential
impact on businesses and the economy as a whole. In essence, economic risks can create the conditions that lead to financial risks, but financial risks
are the actual potential for financial loss. For example, a recession (economic risk) can lead to decreased consumer spending, which can then impact
a company's revenue and potentially lead to financial losses (financial risk). [https://www.myob.com/au/resources/guides/accountants-and-
bookkeepers/financial-risk?srsltid=AfmBOopmTKwPjypzBsp)6uRtdGy3w4U1yLj8-019207LGiTImIJ3XOjm]
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Indigenous knowledge and management practices, while databases may present gaps in some
socio-economic data, necessary to support social resilience.

3.1.3. Stakeholders/users

Diverse stakeholders found to use the data assets were grouped in this analysis into eight user categories:
e government agencies and policymakers
e researchers, academics and analysts
e industry and commercial sector
e water sector professionals
e other professional practitioners

e community, public and civil society, including First Nations groups, who are recognised as having
unique connections that have not been specifically analysed in this report.

e educational and training institutions

e financial and investment sector

These categories are illustrated in Figure 4 and further detailed in Appendix D.
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Figure 4. Stakeholders in planning and management potentially using data assets.
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Among these categories, the most frequent users appear to be National and State government agencies and
researchers, academics and analysts. These are followed by other professional practitioners beyond the
water sector (e.g., urban planners and developers) as well as community advocacy groups, NGOs,
conservation organisations, and local governments and councils.

Some data assets — such as citizen science databases — tend to be intentionally designed to support public
engagement and contributions from citizen scientists and nature enthusiasts. Others, including models, may
primarily be used in academic or technical settings - for instance, in education, training or collaborative trade-
off analyses (including with First Nations stakeholders).

Potential gaps in accessibility and engagement for several groups may exist (see Appendix D, Table D.2),
particularly for:

e community groups, especially in regional areas and including First Nations Communities, who may
lack access to databases and models that could support more active participation in local planning
processes

e citizen scientists, who may face barriers due to limited mechanisms for contributing or accessibility
certain digital technologies, reducing the inclusion of local knowledge within some datasets

e water professionals, particularly in operational roles, where available datasets may not meet real-
time decision-making needs

e financial and investment stakeholders, who may require reliable data for evaluating risks and
making policy or funding decisions

Data assets are found to be used by a wide range of stakeholders, including government,
researchers, industry, community groups and financial institutions. While government agencies
and researchers appear to be the most frequent users, other groups — such as regional
communities, citizen scientists, water operators and investors — may face barriers to access and
use data assets.

3.2. Identified high-level requirements and potential gaps
across data assets

The asset specific gap analysis revealed at least five high-level requirements to enhance the value of the
data assets for planning and management:

1. data integration and interoperability
2. user experience

3. temporal data

4. data access

5. data quality

Among these, data integration and interoperability and user experience emerged most frequently across
the analysed data assets (Figure 5).
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Figure 5. Overview of identified high-level requirements and their importance, based on potential gaps across analysed data assets.
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A closer examination of these potential gaps affecting these five requirements— interpreted as sub-
requirements — suggests they are often interrelated and mutually influential (see Appendix E). This may be
due to how these sub-requirements were described or interpreted to impact other sub-requirements within
or across the five requirements. For example, ‘integration of external and cross-sectoral data assets’ is
described as influential to the inclusion of ‘data layers and contextual factors’ in datasets. These sub-
requirements and their occurrence across data assets are illustrated in Figure 6.

The following sub-sections describe each of these five requirements and key sub-requirements, primarily
building on Appendix E.

Unlocking Collaborations Meta-analysis of ontologies and data schema 25



Overarching requirements and associated sub-requirements

Temporal

Data integration &

Data access

User experience

Data quality

data

interoperability

Consistent performance metrics
Mechanisms for data quality assurance

Completeness and submission timeliness

Acceptance of external data deposits
Data preservation and versioning
Open data access

Technological access

Historical data over long periods
Real-time or near real-time data
Dynamic relevance and response of climate-influenced models

Auvailability of forecast data

User input accuracy detection

Search functionality

Collaborative features

Comprehensive documentation and user support materials
Analytical tools and export options

Usability of user interface for non-experts

Comprehensive metadata

Complete scope for a variable or component
Inclusion of broader impacts on systems
Comprehensive Basin-wide data

Data layers and contextual factors

Integration with external or cross-sectoral tools and platforms

o
w

10 15 20 25 30
Occurrence across data assets

Figure 6. Potential five overarching requirements and associated sub-requirements across data assets.
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3.2.1. Requirements for data integration and interoperability

Figure 6 suggests that two of the most frequent gaps in data integration and interoperability'’ are:
e anarrow or missing scope of datasets'!
e |imited or no integration with external or cross-sectoral tools and platforms

Based on Appendix E.1, these gaps may constrain the modelling capability for representing socio-ecological
systems viewed as complex adaptive systems (SES-CAS)? and capturing their dynamic interactions and
changes. This could reduce the ability to assess trade-offs and conduct multi-criteria and scenario analyses,
as well as impact assessments.

Scope of datasets

Expanding dataset scope likely requires covering more spatial, temporal and thematic layers. High-
resolution details, linkages within and across systems, and cross-scale impacts are among emerging
integration challenges to better represent SES-CAS '* . Thematic analysis also highlights various
underrepresented data themes in the scope of datasets, including:

e socio-economic, cultural values, and demographic data, especially for underrepresented
populations like First Nations Peoples, remote and rural communities

e data on climate and societal disruptions, emergent issues, and indicators for cross-system impacts,
including:

o rapid technological changes

o cumulative impact assessment data

o climate change adaptation overlays**

o comparative baselines with more or less disturbed systems

o risk indicators for specific groups (e.g., frost risk for agriculture or bushfire risk for
ecosystems)

e agricultural systems complexity and cross-system impacts, including interactions across adjacent
lands, water runoff and flow across fields, as well as links to systems supporting productivity (e.g.,
crops, pests and management) and impacts on other systems, including ecosystem services.

e ecological systems complexity, through improved representation of some systems like groundwater
systems, environmental management areas and biodiversity losses, and a wider range of health

10 pata interoperability refers to the ability of different data systems, formats or platforms to exchange, interpret and use data seamlessly and
accurately. It is often a prerequisite for data integration. Data integration refers to the process of combining data from different sources into a unified
and coherent data product or system, enabling comprehensive analysis or decision making. It involves harmonising data formats, resolving
inconsistencies, and aligning datasets with common reference frameworks.

11 In this report, the distinction between datasets and data assets reflects both the data itself and the tools or systems that enable its use in decision-
making contexts. Dataset refers to a structured collection of data, usually created or combined as a single unit for specific use or analysis. Data asset
defines the tools that provide access to, integrate, help visualise or use these datasets for planning and management. They add functional value by
enabling decision-makers, practitioners and researchers to apply datasets in practice. This distinction allows the analysis to capture both gaps in
underlying data and limitations in supporting infrastructure and tools that enable effective data use in integrated planning and management.

12 See footnote 1
13 |bid.

14 Spatial overlays for climate change adaptation, referring to mapped layers that identify areas of vulnerability, exposure or adaptive capacity in
relation to climate-related risks. These overlays support planning decisions by accounting for differing contexts and integrating climate change
considerations into land use, water management and infrastructure development.

Unlocking Collaborations Meta-analysis of ontologies and data schema 27



indicators with defined thresholds. Regarding indicators and thresholds, Section 3.2.4 presents some
potential barriers in identifying consistent and high-quality indicators and thresholds.

water markets complexity and impacts, including a better representation of:
o interactions between surface and groundwater trading
o small and private water storages as well as small water developments
o broader economic drivers of market behaviours
o theimpacts of water market and allocations on agricultural systems and farmer behaviours

o the influence of non-water users (e.g., investors) on water pricing and availability for
different water users.

governance dynamics, including rules, feedback loops, interactions and socio-economic impacts of
governance and institutional changes and processes.

socio-economic complexity and dynamics, through:
o balanced representation of factors influencing labour market dynamics
o consideration of forward-looking indicators
o inclusion of heterogenous preferences based on regional and demographic variations

o representation of socio-economic and sectoral exposure and vulnerability under climate
change

non-market values, especially to reflect environmental services and social impacts more accurately

Expanding dataset scope includes considering collaborative approaches such as co-design with Indigenous
and non-Indigenous stakeholders, which may enhance dataset relevance and usability.

Improving integration with external and cross-sectoral data assets

The analysis points to enhancing the integration of external and cross-sectoral data assets as another
requirement for data integration and interoperability. Potential areas to improve include:

increasing the diversity of data sources
reducing data inaccuracies
improving update cycles and publications

enhancing data discoverability through clearer guidance for consistently collecting and
comprehensively documenting data and metadata.

Several barriers were identified, including in terms of:

data governance and cross-institutional frameworks, which can impede alighment and seamless
interoperability across modelling approaches (e.g., integrated model and agent-based modelling,
systems dynamics or economic models), cross-sectoral and sectoral-specific models (e.g., health,
infrastructure, agriculture, water), emerging technologies and data asset types (e.g., models with
Machine Learning, Artificial Intelligence or global databases), and climate projections datasets. Lack
of modelling frameworks may also cause inconsistencies — such as mismatched projections and
datums that may lead to scaling issues and limited availability of 3D/4D layered representations.
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e compatibility with geospatial information systems (GIS) and advanced visualisation tools for
complex data representation?®

e availability of APIs and data pipelines, that may be critical for linking systems and data like farm
management tools, climate data and hydrological models

e secure integration protocols for data compatibility and integrity, including safe use of software
packages that may pose security risks if not well managed

e comprehensive and consistent metadata, with guidance to standardise documentation practices,
including on data structures, and timely update cycles.

This analysis identified two key integration and interoperability gaps: (1) a narrow or missing
dataset scope and (2) limited or no integration with external of cross sectoral tools. These gaps
may reduce the ability to model the complexity of socio-ecological systems viewed as complex
adaptive systems (SES-CAS)*¢, assess trade-offs or conduct robust scenario and impact analyses.

Some potential requirements for enhancing the scope of datasets include to cover
underrepresented or missing themes - such as socio-economic and cultural data (e.g., for First
Nations Peoples and rural or remote communities), climate and societal disruptions, agricultural
and ecological systems complexities, water market dynamics, governance and institutional
dynamics, and non-market values. Collaborative dataset development involving Indigenous and
non-Indigenous stakeholders may also enhance contextual relevance and usability.

Progress toward better integration appears to rely on improved data governance and cross-
institutional frameworks, which create the conditions for addressing technical compatibility
(e.g., with GIS and advanced visualisation tools), ensuring the availability of APIs and secure
data pipelines, and supporting the adoption of standardised metadata and documentation
practices. In particular, governance arrangements underpin cross-agency or sectoral
coordination, required to enable sustained data sharing and integration across institutional
boundaries.

3.2.2. Requirements for user experience

User experience requirements appear to be related to (see Figure 6 and Appendix E.2):
e the usability of user-interfaces (Uls) for non-experts
e the availability of analytical tools and export options

Other potential sub-requirements were identified from thematic analysis, including the availability of
collaborative features and search functionality. Additionally, the four other overarching requirements are
likely to be influential on user experience, by contributing to data usability and perceived utility for users.

5 1n GIS, complex data representation refers to more advanced ways to store and show information about places, so that real-world situations can
be accurately represented. Instead of just drawing points, lines or areas on a map, complex data includes extra details like how things are connected,
how they change over time, and how different layers of information relate to each other. For example, to map a river system for water management,
a single map might show the location of rivers. Complex data representation would also include how water flows through the river network (upstream
and downstream connections), how much water is allocated to various users, which parts of the river are protected and how flows change during dry
or wet years.

16 See Footnote 1.
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Usability of user interface (Ul) for non-experts

The analysis of gap suggests potential limitations for improving the usability of Ul for non-expert users. They
include: the absence of customisable or tailored visualisations, reports, documentation and tutorials.
Usability appears also by the absence of tailored features to ease data interpretation, such as agricultural
calendars?’ that assist farmers in applying the information to their farming decisions and management
practices.

Enhancing comprehensive documentation and user support materials was identified from thematic analysis
as a way to improve usability for non-experts, with some identified solutions that include:

e clear descriptions of the purpose of a tool, its underpinning assumptions, methods (e.g., calibration),
applications and details on functionalities, estimated and displayed information.

e practical guidance to:
o interpret or select relevant datasets
o evaluate a tool’s capacity to provide accurate data

o support users in developing digital literacy to engage with complex tools (e.g., GIS) and
effectively interpret and analyse model outputs, climate projections and datasets.

o identify relevant tools for sectoral use

o enable user contributions to datasets on specific platforms - potentially influential for
improving data quality and timely provision.

Availability of analytical tools and export options

Several limitations identified from thematic analysis, that suggest possible improvement areas, include:

e the integration of external and cross-sectoral tools (see 3.2.1), limiting modelling capabilities and
the broader utility of data assets. For example, the absence of APIs, compatible export formats and
plug-in features, may limit the availability or use of datasets with analytical tools.

o vertical resolution and constraints in complex areas for geospatial tools. For example, restricted
model execution (e.g., flood simulation models) in highly complex and rapidly changing urban areas.

o the sophistication of existing modules to represent some systems or run scenarios, potentially
reducing user engagement and customisation of a tool according to needs

o the design scope for some data assets and emphasis on providing raw data, often at the expense
of value-added features such as pre-configured dashboards, pre-packaged summaries, advanced
visuals or scenario explorers.

e export options, which can restrict users from applying preferred decision-support tools, and thereby
potentially reduce collaborative value.

e mechanisms for handling computationally intensive processes and downloading large datasets,
such as processed outputs

Additional user experience requirements

17 Agricultural calendars consist of a structured schedule of farming activities aligned with seasonal and crop-specific requirements. It can serve both
an input to agricultural models (specifying management practices) and an output optimised planting and management windows based on model
simulations and forecasts). Put in simple terms, agricultural calendars tell farmers what to do and when to do it throughout the agricultural season.
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Enhancing user experience may be linked to other requirements necessary for improving user engagement
with data. Identified factors may include the availability of collaborative features, search functionality and
mechanisms to improve data input accuracy and utility of outputs.

Collaborative features requirements stemming from the gap analysis include:
e discussion spaces for sharing knowledge and data and receiving feedback, like forums.
o workspaces for collaborative projects
e simultaneous access for multiple users.

o feedback mechanisms to support user interactions with data assets and datasets and provide rapid
and in-depth responses

e user satisfaction tools to assess and improve the perceived usability and utility of data assets and
associated datasets (e.g., relevance of some in-built metrics).

e mechanisms to ensure project coordination, conflict detection and management

e mechanisms to ensure data integrity and accuracy, like version control, detection of misidentified
records or malfunction and transmission issues.

Search functionality requirements include broader factors influencing user experience, ranging from design
and workflow considerations to mechanisms to ensure data discoverability and management of
computationally intensive processes:

e Ul aesthetic and intuitive design

e simple search criteria, use of keywords or filters reflecting terminology commonly used by users
e the ability to handle large volumes or complex of file formats

e consistency in data tagging

Improving data input accuracy, and output estimates, appears, in this analysis, linked to user competencies
to enter relevant inputs in both data assets and datasets. Other factors influencing data input accuracy were
also identified but presented in Section 3.2.4 as relevant to data access and quality too. Here, enhancing
digital literacy emerges as a key requirement for data input accuracy, with tailored guidance and trainings
identified to support digital literacy. Some identified barriers may include adequate funding and resourcing
of digital literacy projects - these barriers described to potentially limit data inputs from community-based
contributors like citizen scientists. These barriers to knowledge inclusion may also influence the scope of
datasets and both their comprehensiveness and relevance to places.

Broader influences on user requirements, including for input data accuracy, were identified but detailed in
the following sections as more directly relevant to other overarching requirements:

e access to high-quality and timely datasets, including relevant temporal data

e mechanisms to improve data quality across data assets and stakeholders, including to detect
inaccuracies in data inputs

The analysis identified two potentially important user experience gaps across data assets: (1)
limited usability of user interfaces (Uls) for non-experts, and (2) restricted availability of
analytical tools and export options. Other gaps were also identified, likely influential on user
engagement with data assets and datasets.
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Ul usability may be hindered by the absence of tailored documentation, tutorials, and user-
friendly features to support different user groups.

Analytical tools and export options limitations may stem from poor integration with external
and cross-sectoral tools and platforms (e.g., due to missing APls), technical constraints affecting
scale resolution, low module sophistication to represent some systems or run scenarios, limited
data post-processing options, and insufficient mechanisms for handling computationally
intensive processes or large datasets.

Additional user experience requirements may include collaborative features (e.g., forums,
shared workspaces, feedback mechanisms) and improved search functions (e.g., intuitive Ul,
keywords and filters, consistent data tagging). Resources and funding constraints, particularly
for community contributors, may further affect digital literacy and input data accuracy. Other
user experience requirements were linked to data access and quality as well as availability of
temporal data, detailed in their respective result sections.

3.2.3. Requirements for temporal data, both influencing the scope of
datasets and user experience

This analysis identified temporal data requirements as both influencing dataset scope and user experience,
explaining their inclusion in a specific section and detailed in Appendix E.3. Three types of temporal data
emerged as possibly important, particularly to better tackle dynamic processes:

o long-term historical data
e real-time and near real-time data
e future scenario and forecast data

Long-term historical data requirements

Long-term historical data appears essential for understanding trends over time and impacts on SES. Potential
issues include:

¢ limited availability of historical datasets over long periods, that may result from:
o issues in digitising older records or scanned maps
o missing or sporadically available data points

o missing mechanisms for tracking and ensuring seamless timeseries (e.g., property evolution
over time)

o regularity or delays in data update cycles and publications
e gaps in long-term and continuous monitoring, especially for environmental systems

e technical limitations to capture fine grained temporal resolution due to data aggregation or lack of
ground truthing

e static model assumptions, where long-term equilibrium for some systems is presumed, leading to
the use of few historical data points to analyse impacts.

Real- or near real-time data requirements

Real-time and near real-time data seems to be important to respond to rapidly changing conditions, such as
for supporting:
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® emergency response
e early warning signals or announcements

e water level monitoring in storages and allocation management

e consumer awareness of water uses and support for water conservation practices
e market participation.

Beyond rapid decision-making, real-time data tends to support environmental monitoring and system
diagnostics, such as energy and water grid status or terrain conditions in dynamic environments (e.g., urban
and coastal areas). Automation appears important for real-time data availability, by feeding data into
datasets.

Identified issues include:

e restricted or delayed access due to licensing, costs or other access barriers, especially for small
organisations, researchers and community groups

e equipment malfunctions or data transmission failures that may disrupt data collection and updates
e inconsistent update cycles, that may limit data reliability

e absence of built-in temporal features in data assets for capturing evolving SES features (e.g.,
timeseries)

Future scenarios and forecast data requirements

Thematic analysis highlights two potential causal roots for forecast data: the availability of forecast data in
tools and the capacity of climate models to generate relevant future forecasts.

Potential identified issues for the availability of forecasts include:
e access barriers to existing forecast datasets

e lack of advanced forecasting capability for scenario analysis under climate, policy and societal
changes, potentially limiting:

o policy evaluation for climate action

drought planning

o

o infrastructure resilience assessment
o anticipation of future water availability.
Potential barriers include limited:

o availability or access to relevant datasets (e.g., emission scenarios to capture low
probability — high impact events, sectoral future trends such as energy supply, prices and
demands

o ability to integrate modelling tools that provide seasonal or long-term projections or
emission scenarios

e lack of clear representation of extreme events like droughts, heatwaves and floods as well as
emerging environmental issues related to sectoral emissions, footprints and impacts on future
climate.

Potential identified issues for the forecasting capability of climate models:
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e dependence on global drivers with inherent uncertainties (e.g., ENSO), affecting the reliability
of local forecasts

e inability to capture rapid systemic changes

e limited uncertainty representation in model predictions, and limited transparency on the
implications of forecast limitations

o lack of or insufficient mechanisms for
o integrating updates
o adjusting projections
o inferring missing data

o detecting data input inaccuracies, which may affect data-driven models and model
calibration.

e static or oversimplified assumptions in scenarios, e.g., connected to Representative
Concentration Pathways (RCPs) and Shared Socioeconomic Pathways (SSPs), with no to minimal
inclusion of local drivers (e.g., land use changes, ecosystem dynamics, household preferences or
energy transitions), limiting regional and place-based relevance.

Temporal data requirements are expected to shape dataset scope and utility for users by
supporting the capture of dynamic processes and changes. The analysis identified three key
categories:

o long-term historical data, essential for understanding trends and SES impacts over time,
but often limited by data gaps, digitisation issues, static assumptions and built-in temporal
features

o real-time and near-real-time data, important for rapid decision-making (e.g.,
emergency response, water allocation management, market participation), but potentially
hindered by access barriers to datasets, inconsistent updates, and technical constraints

o future scenario and forecast data, which may depend on the availability of forecasts as
well as the capabilities of climate models to generate reliable forecasts. Forecast availability
may be limited by access restrictions, still developing advanced forecasting capabilities or poor
representation of extreme events. Climate models may be constrained by the dependence on
global drivers with inherent uncertainty, lack of transparency on forecast uncertainty and
implications, limited integration of local drivers, and lack of mechanisms for updating or
adjusting projections.

3.2.4. Requirements for data accessibility and quality, for enhancing user
experience with data assets and contribution to datasets

This analysis identified two types of ‘access’ requirements: user access to data and user ability to contribute
to data. Both appeared closely tied to data quality requirements, justifying the joint treatment of data access
and data quality in this section.

Data access requirements — Access to Data Assets and Datasets
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Access was found to be shaped by different factors, including open data limitations, technological capability
and accessibility, and mechanisms for data preservation and version control (Appendix E.4). Data
preservation and version control appear to intersect with data quality too, especially in terms of
completeness and timely data submission (Appendix E.5).

Open data limitations included:

licensing costs and restrictions, especially for high commercial value information or sensitive data
(e.g., related to Indigenous and non-Indigenous groups).

security and authorization imbalances, such as hosting data on less secured platforms and unequal
access to digital ID that may disadvantage some user groups.

digital literacy gaps
integrity issues, such as corrupted links or datasets

absence of robust data governance and sovereignty frameworks — especially those inclusive of
Indigenous perspectives. The analysis suggests that the lack of governance frameworks could reduce
trust in data sharing, also reducing contributions to data from stakeholders.

Technological limitations to data access included:

browsers, software and new technological innovations incompatibilities
limited access to digital infrastructure or adequate broadband
inadequate assistive technologies for users with a disability

poor system performance with large or computationally intensive datasets

lack of tailored mobile or tablet applications that may be preferred by some users.

Data preservation and versioning limitations appeared tied to the lack of available long-term storage, poor
documentation and missing or weak version control systems, all of which may reduce data traceability and

lineage.

Data access requirements - Access to contribute to data

Identified barriers that may constrain users’ ability to contribute data include:

restricted access to repositories, which may only accept data aligned with specific mandates,
licensing limitations, governance by external organisations, or from existing partners

low perceived value of non-traditional data sources, like citizen scientists

lack of or underrepresentation of datasets from specific sectors or disciplines, such as some social
sciences (e.g., psychology, anthropology, political science, sociology), small-scale industry, and
cultural heritage

insufficient funds or support for ongoing projects involving communities in data provision

vested interests, corruption or inadequate governance safeguards, that may discourage or block
stakeholder participation in data contribution processes. For example, by limiting access to data
platforms, controlling whose data is included, manipulating data reporting or undermining trust in
data sharing processes.

underdeveloped, inconsistent or the lack of alignment with Indigenous data sovereignty
frameworks or principles, making systemic implementation of Indigenous-led data governance
difficult

Unlocking Collaborations Meta-analysis of ontologies and data schema 35



e ethical concerns, particularly around disclosing data on sensitive species

o digital literacy and technological access barriers, which affect the ability of some groups to
contribute to datasets

These constraints appear to reduce Indigenous and non-Indigenous actors’ capacity to engage with data
assets, share and provide timely, place-based data. Engagement in data sharing and contribution to datasets
is likely to stem from the availability of mechanisms to enhance high-quality data, such as standards or
relevant performance metrics, presented next.

Data quality requirements

The analysis identified potentially influential data quality requirements for:
e supporting rigorous data collection, documentation and updates
e facilitating data comparisons across heterogenous sources
e improving dataset accuracy
e enhancing the relevance of metrics and thresholds for understanding systems dynamics.

In particular, three sub-requirements appear necessary, related to mechanisms for ensuring data
completeness and submission timeliness, aligning data and ensuring their accuracy (mechanisms for data
quality), and monitoring system performance effectively (consistent performance metrics).

Data completeness and submission timeliness appear critical for ensuring the currency of datasets and
relevance to scales (Figure 6 and Appendix E.5), with potential barriers including:

e irregularity or delays in providing real-time data due to lack of automation and manual data entry;
time to validate and pre-process data (especially for citizen-science contributions); or lack of
coordination in data submission from heterogenous (different) data sources.

e update timing mismatches, which may miss the full nuances of rapidly changing local or regional
policies

o challenges in adopting new sources or technologies to harvest data (e.g., real time sensor networks,
crowdsourced data or Al-enhanced spatial data)

e limitations to cover or have available quality data for some spatial scales, especially remote and
regional locations and large landscapes

o fast-changing industry dynamics, making timely data on rapidly changing or new sectors difficult to
acquire

e unclear data custodianship responsibilities, which may affect data updates, maintenance and
documentation

e absence of consistent standards, that may increase potential bias risks and inconsistencies in data
collection, storage and reporting.

Mechanisms for data quality appeared to influence data integration and seamless interoperability as well as
relevance to places, with identified barriers that include:

o misalignment of data standards across providers to ensure dataset integration and interoperability.

e misalignment with digital data formats, which could lead to edge artifacts across jurisdictional
boundaries.
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lack of data ground-truthing or validation, which may create misalignments between mapped data
layers and observed data as well as affect model calibration

missing or limited cross-agency collaboration mechanisms and consistent and aligned data
governance frameworks across data providers, which may impede broader data harmonisation
efforts.

Consistent performance metrics were also found to be necessary to enhance data quality, more in terms of
their perceived value and utility to capture SES-CAS® dynamics. Identified barriers to effective metrics
(indicators) include:

indicators failing to capture the full complexity of systems, which may reduce the quality of project
development assessments and other planning activities

uncertainty in ecosystem classifications, which may lead to the consideration of inadequate
indicators and thresholds, that may hinder the quality of risk or vulnerability assessments

missing sectoral data, such as energy grid stability data or high-risk areas (e.g., voltage levels, electric
frequency controls)

unclear thresholds for resilience indicators due to the complex, nonlinear behaviour of some
systems, potentially influenced by multiple interacting factors that are context-specific, data limited
and subject to both scientific uncertainty and contested stakeholder perspectives. For example,
determining at what point prolonged drought leads to irreversible impacts on agricultural viability
depends on water access, market conditions, institutional support and farm-level adaptive capacity.

This analysis identified two main types of data access needs: (1) user access to data and (2) user
contribution to data. Both are closely linked to data quality requirements. Barriers to access
include open data restrictions (e.g. licensing, security, digital literacy), technological limitations
(e.g. software incompatibility, poor infrastructure), and weak data preservation/versioning
practices.

Barriers to contribute to data include repository restrictions, undervaluing non-traditional data
sources (e.g., citizen science), lack of funding, governance issues, and misalignment with
Indigenous data sovereignty principles. These issues can limit diverse stakeholder participation
and the provision of timely, place-based data.

Data quality requirements appear essential for rigorous data collection, accuracy, relevance,
and comparability across datasets. Key identified limitations include delayed updates,
inconsistent standards, unclear custodianship, and difficulties integrating new data sources or
technologies. Additionally, cross-agency collaboration and aligned governance frameworks—
especially those compatible with Indigenous data principles— seem critical for improving data
harmonization and utility.

18 See footnote 1
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4.Discussion

4.1. Overview of existing data assets and uses in the Murray
Darling Basin

This meta-analysis provides a snapshot of the current state of data assets and datasets supporting planning
and management in the Murray Darling Basin (MDB). Five main categories of data assets were identified:
models, applications, dashboards, portals and databases. These tools typically offer thematically aligned and
complementary information across key domains spanning water resources, agriculture, ecosystems, land and
environment, governance, society, and infrastructure.

Figure 7 illustrates these data asset types and their thematic coverage (scope of datasets), structured
according to overarching category for information types. Information categories are colour-coded based on
the primary data asset type associated with each, illustrating how different tools contribute complementary
insights. Notably, water resources information is provided consistently across all data asset types — a
reflection of water’ s central role in the MDB.
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The layers in Figure 7 also align with key aspects of planning and management activities and stakeholders, as
captured in the ontology — highlighting the focus areas in which data assets are used and the types of users
they support. Primary users of these data assets include national and state government agencies,
researchers, academics and analysts. Other important users include professional practitioners beyond the
water sector (such as urban planners and developers), community advocacy groups, NGOs, conservation
organisations, and local governments and councils. These stakeholders rely on data assets to develop or
assess policies, regulations and governance systems; support socio-economic development in the Basin; and
safeguard key environmental and cultural assets.

The focus of data assets on specific types of information reflects not only current needs but also historical
legacy and the evolution of planning paradigms with societal values and needs. For instance, the longstanding
emphasis on water security and regional development dates back to the late 1800s, when policies encourage
irrigation-based settlement and development in the Basin (e.g., PIRSA®). Advances in science and technology
have also shaped and responded to evolving concerns and requirements®.,

The roles and responsibilities of data providers is similarly evident in the nature and focus of the data assets
and associated datasets they deliver. For example, the Bureau of Meteorology (BoM) offers a suite of open-
access tools — such as groundwater-dependent ecosystem (GDE) maps, dashboards, Murray Darling Basin
data portals, and climate models — that aim to support public and decision-makers engagement and
nationwide planning and management. These offerings align with BoM’s legislated responsibilities under the
Meteorology Act 1955 and Water Act 2007, which mandate the provision of climatic records, water
information, and scientific insights scientific for planning purposes.

The diversity of data asset types — ranging from simple spreadsheets to complex GIS-based tools - reflect the
differing technical needs, decision-making goals, and intended users across contexts?l. This diversity is
echoed in the meta-analysis findings, which identify three key opportunity areas for improving data assets
and datasets (Figure 7):

(1) broadening the scope of datasets — particularly to include underrepresented community groups and
sectors

(2) enhancing data asset design and functionality - to better meet user needs and planning
requirements

(3) improving user engagement - with both datasets and data assets, to increase their perceived and
practical value.

This analysis highlights that the design, content, and intended users of data assets and datasets are highly
context-specific, shaped by evolving societal challenges and values, policy priorities and advances in science
and technology. Not all data assets or datasets are accessible or equally relevant to all stakeholders, and their
quality and comprehensiveness can vary??.

19 PIRSA (2025). History of Agriculture in SA.
https://www.pir.sa.gov.au/aghistory/natural_resources/water_resources_ag_dev/irrigated_agriculture/critical_events_for_the_murray_darling_ba
sin

20 Rosello, C., Elsawah, S., Guillaume, J., & Jakeman, A. (2022). A Century of Evolution of Modeling for River Basin Planning to the Next Generation of
Models, Methods, and Concepts. In Oxford Research Encyclopedia of Environmental Science. Oxford University Press.
https://oxfordre.com/environmentalscience/view/10.1093/acrefore/9780199389414.001.0001/acrefore-9780199389414-e-624

21 Wong-Parodi, G., Mach, K. J., Jagannathan, K., & Sjostrom, K. D. (2020). Insights for developing effective decision support tools for environmental
sustainability. Current Opinion in Environmental Sustainability, 42, 52-59. https://doi.org/10.1016/j.cosust.2020.01.005

22 Ibid.
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In light of growing complexity and uncertainty in decision-making, there seems to be a need for more
modular and adaptive approaches to allow tailoring of information to specific user contexts — such as place-
based data access, custom export options, and user interface improvements — that could significantly
improve usability and impact. Enhancing integration and interoperability are expected to be needed
together with stronger data management and governance frameworks to support collaboration among
heterogenous data providers or data contributors?.

Addressing the identified improvement opportunities — dataset scope, data asset design and functionality,
and user engagement with both data assets and datasets — may require not only technical innovation,
especially to ensure effective integration and interoperability, but also the broader inclusion of users,
particularly in regional communities and First Nations Peoples, to ensure that datasets are place and decision-
context relevant and to enhance engagement and user experience.

4.2. Implications of identified gaps and requirements across
data assets

The implications identified through the meta-analysis closely align with the requirements revealed by the
gap analysis across data assets. Five key requirements were identified that influence both the structure and
use of data assets and datasets: data integration and interoperability, user experience, temporal data,
dataset access, and data quality. These requirements, along with their associated sub-requirements, appear
to be mutually reinforcing. Together, they offer potential explanatory factors that can help address the three
main improvement opportunities discussed in Section 4.1—namely, enhancing dataset scope, improving
data asset design and functionality, and enhancing user engagement.

The following sub-sections explore how these identified requirements and sub-requirements contribute to
addressing these three improvement opportunities. This discussion builds strongly on integration challenges
highlighted by Elsawah et al.?*, whose findings align with some those found in the present analysis.

4.2.1. Enhancing inclusivity and comprehensiveness of datasets

This analysis found that the scope of datasets presented the most substantial gaps across the reviewed data
assets. These gaps primarily relate to missing, limited, or underrepresented information necessary to reflect
the complexity and contextual heterogeneity of socio-ecological systems viewed as complex adaptive
systems (SES-CAS?), and to capture their dynamic behaviours in response to both emergent and persistent
ecological (e.g., drought) and societal (e.g., institutional) changes (Figure 8, blue box).

23 Schmidt, J., & Foss, N. J. (2023). Modularity, Adaptation Problems, and the Governance and Problem-Solving Capabilities of Core Firms in
Ecosystems. Journal of Management, 51(4), 1484-1513. https://doi.org/10.1177/01492063231215023

24 Elsawah, S., Filatova, T., Jakeman, A. J., Kettner, A. J., Zellner, M. L., Athanasiadis, I. N., ... & Lade, S. J. (2020). Eight grand challenges in socio-
environmental systems modeling. Socio-Environmental Systems Modelling, 2, 16226., doi:10.18174/sesmo0.2020a16226

% See footnote 1
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Figure 8. Summary of identified factors influencing the inclusivity and completeness of the scope of
datasets. Potential underrepresented or missing datasets are listed in the blue box.

Capturing key features of complex and adaptive systems remains a major challenge for digital tools, identified
as a grand integration challenge by Elsawah et al. ?°. They outline three key integration challenges that are
particularly relevant to dataset requirements for SES-CAS modelling:

e Dealing with scales and scaling (Challenge 4)
e  Capturing systemic changes in SES-CAS (Challenge 5)

e Integrating the human dimension (Challenge 6)

Dealing with scales and scaling

Scaling involves spatial, temporal, and organisational/governance dimensions, each with distinct information
layers and interactions. Accurately modelling these requires clear representations of scale-related variables
and processes?’. This analysis identified several limitations:

e High-resolution data are often constrained by technological limitations and simplifications
influencing data aggregation levels.

e Temporal scaling issues, such as coarse or missing resolution, hinder the accurate representation of
social and ecological processes.

26 Elsawah, n23
27 |bid.
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e Integration of external and cross-sectoral datasets is often hindered by a lack of consistent ontologies
and processes.

e Spatial coverage, especially at field or regional scales, constrain scaling resolution and data collection.

Nested system integration—where different SES-CAS components are modelled across embedded scales—
requires compatibility among datasets from various disciplines. The latter demands improved modelling
frameworks that align data structures and metadata standards to ensure interoperability 2% as well as clear
documentation of inter-relationships between scales, choices made in their representation and impact on
uncertainty 2°. Accessible resources and comparative evaluations of scaling methodologies (e.g., matching,
aggregating, representing) may also be necessary®°, along with research and innovation for treatment
technologies to reduce scaling biases and guidance on their selection 3! and integrating nested data assets or
modules, with complementary information on SES-CAS32,

Capturing systemic changes

Representing multiple spatial/governance scales over different temporal horizons—historical, real-time, and
forecast data — are expected to better capture systemic changes. Regarding temporal horizons, each serves
different planning and management purposes. Barriers identified include:

e Inconsistent or poor-quality metadata affecting data discoverability.

e Inconsistent, poor-quality links, or limited options (e.g., keywords, filters) for data searches and
queries, that may reduce data discoverability3

e Infrastructure limitations, which may hinder cross-sectoral data access and searchability3.

e Digitisation of data and big data management challenges, such as real-time integration from
heterogeneous sources, misaligned data updates, and limited archiving or preservation systems 3>3¢,

Meeting these challenges requires:

e Data archiving architectures capable of integrating diverse, high-volume sources and supporting
emerging technologies 378,

28 Dalton, J. A., Norman, P. W., Sen, P., & Whittle, S. (2005). Extending the design opportunities afforded by modelling frameworks. In DS 35:
Proceedings ICED 05, the 15th International Conference on Engineering Design, Melbourne, Australia, 15.-18.08. 2005 (pp. 286-287).

29 Iwanaga, T., Wang, H. H., Hamilton, S. H., Grimm, V., Koralewski, T. E., Salado, A., ... & Little, J. C. (2021). Socio-technical scales in socio-
environmental modeling: Managing a system-of-systems modeling approach. Environmental Modelling & Software, 135, 104885.
https://doi.org/10.1016/j.envsoft.2020.104885

30 Elsawah, n23
31 Bordt, M. (2015). Spatial units, scaling and aggregation. New York: United Nations Statistics Division.
32 Elsawah, n23

33 Mathiak, B, Juty N, Bardi, A, Colomb, J and Kraker, P. 2023. What are Researchers’ Needs in Data Discovery? Analysis and Ranking of a Large-Scale
Collection of Crowdsourced Use Cases. Data Science Journal, 22: 3, pp. 1-8. DOI: https://doi.org/10.5334/dsj- 2023-003

34 |bid.

35 Garg, A., Popli, R., & Sarao, B. S. (2021). Growth of digitization and its impact on big data analytics. In IOP conference series: materials science and
engineering (Vol. 1022, No. 1, p. 012083). IOP Publishing.

36 Moskovitch, R. (2022). Multivariate temporal data analysis-a review. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 12(1),
€1430. https://doi.org/10.1002/widm.1430

37 Manning, P., & Manning, P. (2013). Challenges of Big Data in History (pp. 1-13). Palgrave Macmillan UK.
38 Moskovitch, n35
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e Validation mechanisms to ensure data accuracy and integrity, such as automated checks, expert
review ¥, cleansing tools, and adherence to data collection standards (e.g.,*°).

Uncertainty is inherent to SES-CAS datasets, particularly for projections and forecasts, which reflect the
assumptions and worldviews of their creators 1. Transparent communication of such uncertainties is crucial
for responsible use and interpretation .

Public participation (e.g., citizen science) can enhance data quality through monitoring, ground-truthing, and
real-time reporting—provided adequate quality assurance mechanisms are in place®*. Moreover, high-
quality, place-based data can improve training datasets for Al and ML, enhancing automation, insights, and
decision support %,

Integrating the “Human dimension”

This analysis identified potential gaps in consistently capturing human behaviour and related drivers—such
as water market responses, farmer decision-making, and non-market values—echoing Challenge 6 from
Elsawah et al.*. Barriers include limited datasets on social processes and behaviours, inconsistent
representation of institutional and sectoral dynamics, and poor accessibility of socio-economic data.

Addressing this requires:

e Improved search functionality within data assets, especially portals and databases, to enhance
socioeconomic data discovery.

e New models or modules representing decision-making at individual and collective levels (discussed
further in Section 4.2.2).

e Knowledge co-creation, especially with Indigenous communities, where co-design principles and
data sovereignty considerations must guide dataset development (Anderson et al., 2024%; see
Section 4.2.3).

e Greater disciplinary diversity, with better data integration from underrepresented social sciences
domains, supported by interoperability frameworks # as well as mechanisms to encourage data
sharing, such as funding incentives or academic recognition®.

39 Charles, Eben. (2024). Data Validation Techniques for Ensuring Data Quality.
https://www.researchgate.net/publication/384592714 Data Validation Techniques for Ensuring Data Quality

40 Gao, J., Xie, C., & Tao, C. (2016, March). Big data validation and quality assurance--issues, challenges, and needs. In 2016 IEEE symposium on
service-oriented system engineering (SOSE) (pp. 433-441). IEEE.

41 Meyer, A. P., Albarghouthi, A., & D'Antoni, L. (2023, June). The dataset multiplicity problem: How unreliable data impacts predictions.
In Proceedings of the 2023 ACM Conference on Fairness, Accountability, and Transparency (pp. 193-204).
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44 Ceccaroni, L., Bibby, J., Roger, E., Flemons, P., Michael, K., Fagan, L., & Oliver, J. L. (2019). Opportunities and risks for citizen science in the age of
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47 Genova, F., Arviset, C., Almas, B. M., Bartolo, L., Broeder, D., Law, E., & McMahon, B. (2017). Building a disciplinary, world-wide data
infrastructure. arXiv preprint arXiv:1703.06450.
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e Improved representation and equal inclusion of underrepresented groups, supported by Al/ML tools
to identify information gaps *°.

Research on specific systems such as groundwater systems and their SES-CAS linkages also emerged as a

specific area where better data integration could improve understanding of feedbacks and co-dependencies
50

To conclude, addressing challenges related to scaling and capturing systemic changes is essential for
improving dataset scope, representation, and functionality. Doing so will enhance understanding of SES-CAS
interactions and feedbacks, supporting more robust trade-off analyses and sustainable, site-specific
management, such as in agriculture >

4.2.2. Improving the design and functionality of data assets

Improving the design and functionality of data assets aims to enhance both user experience and the
perceived value of these assets and their outputs for a range of users. Figure 9 summarises key findings
relevant to improving the learnability and usability of data assets on the one hand, and their utility on the
other.

secured integration protocols

APIs, data pipelines, plug-in features
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Figure 9. Summary of identified factors influencing the design and functionality of data assets.

49 Manyika, J., Silberg, J.,, & Presten, B. (2019, October 25). What do we do about the biases in Al?. Harvard Business
Review. https://hbr.org/2019/10/what-do-we-do-about-the-biases-in-ai

50 Elsawah, n23

51 Pereponova, A., Grahmann, K., Lischeid, G., Bellingrath-Kimura, S. D., & Ewert, F. A. (2023). Sustainable transformation of agriculture requires
landscape experiments. Heliyon, 9(11). https://doi.org/10.1016/j.heliyon.2023.e21215

Unlocking Collaborations Meta-analysis of ontologies and data schema 46


https://hbr.org/2019/10/what-do-we-do-about-the-biases-in-ai
https://doi.org/10.1016/j.heliyon.2023.e21215

Usability and Learnability

Usability improvements particularly concern non-expert users. These include developing more tailored,
intuitive, and aesthetically enhanced user interfaces (Uls) to support better interaction and navigation.
Balanced visualisation options, with export capabilities, can further simplify information preview and use.
Additional usability enablers not captured in this analysis but still relevant include streamlining Ul workflows,
aligning interface language with users' own, and reducing cognitive load °2.

Collaborative features were also identified as important for usability and user engagement, and are discussed
further in Section 4.2.3. Moreover, providing clear documentation and practical guidance supports both
usability and learnability >3. These findings align with Ngadiman & Sulaiman’s® conclusion that developers

should better account for Ul attractiveness and learnability in addition to established usability frameworks.

Usability is also influenced by computational efficiency, particularly for processing large datasets or executing
intensive computational tasks. Cloud technologies can support such data-intensive processes by providing
scalable computing instances, storage integration across diverse sources, and specialised programming APls.
However, concerns remain around transparency and the accuracy of cloud-processed outputs. Integrating
blockchain technologies and smart contracts has been proposed as a way to enhance data verification and
the reliability of cloud operations *°.

The availability of high-quality, place-based datasets is another critical factor for usability and utility. Such
datasets enhance model calibration and output reliability by ensuring better representation of observed
phenomena *. Automated data processing capabilities were also found to be important for improving data
quality (see Section 4.2.1).

Utility - Agility
Two types of agility were identified as essential for improving the utility of data assets:
e Tools tailored to users' specific analytical needs and contexts.

e Support for dynamically exploring future scenarios, a necessity given the inherent uncertainty of SES-
CAS (see Section 4.2.1).

Both forms of agility require tools to reflect the properties of complex adaptive systems —systems that are
constituted relationally, dynamic, adaptive, open, continually evolving, and with emergent properties °’.

To better align tools with users' information needs, the analysis found value in developing nested systems
that address scaling challenges and allow for the integration of multiple architectures (e.g., data platforms
and models). Modular architectures were also highlighted as important for enhancing flexibility and enabling
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54 Ngadiman, N., & Sulaiman, S. (2017). Attractiveness and learnability to support operability in web applications. Journal of Telecommunication,
Electronic and Computer Engineering (JTEC), 9(3-5), 179-189.

55 Dorsala, M. R., Sastry, V. N., & Chapram, S. (2021). Blockchain-based solutions for cloud computing: A survey. Journal of Network and Computer
Applications, 196, 103246. https://doi.org/10.1016/j.jnca.2021.103246
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agile adaptation to new contexts, consistent with enabling digital transformation and generativity 8.
Supporting such adaptive and modular systems requires governance arrangements that coordinate various
architectural approaches and align with organisational structures. This includes setting design rules and
interoperability standards (e.g., APIs) to ensure compatibility of data flows and system-wide coordination *°.

Integration with larger digital systems—such as ML models—also depends on appropriate export formats.
These formats must support the embedding of trained models and data assets into external software
environments. Practical guidance on selecting export formats is necessary for seamless integration®.
Download options for raw and processed datasets, including code in accessible formats (e.g., CSV), also
support integration and reuse (e.g., ®%).

Utility - Representation and Uncertainty

Managing SES-CAS uncertainty also calls for improved data representation to better capture SES-CAS
dynamics across multiple scales. This includes identifying relevant indicators, threshold values, and key
drivers of change. Enhancing spatial and temporal scaling—such as through nested systems—enables more
accurate reflection of high-resolution structures and processes (see Section 4.2.1).

Improved representation is also expected to support the use of exploratory scenario approaches, which allow
users to anticipate changes and better represent uncertainties in decision-making processes. Although many
frameworks and quantitative tools exist that could be integrated (e.g., %) or served to augment data assets
(e.g., %), they may still fall short in accounting for diverse drivers and contexts. Combining qualitative and
guantitative methods—such as using scenario narratives alongside simulation models—can enhance
forecasting capabilities®. Doing so may require addressing disciplinary biases, aligning ontologies and
standards, and resourcing interdisciplinary efforts .

Utility — Documenting and Communicating Uncertainty

The transparent communication of uncertainty in data assets and their outputs is critical for informed
decision-making. Uncertainty may arise from many sources, including model structure, input quality, and
process assumptions. Elsawah et al.’® recommend frameworks and typologies to help identify and manage
these uncertainties. For instance, comprehensive documentation of model development, assumptions, and
calibration processes can reduce or clarify structural uncertainty. In data-driven models, uncertainty
calibration is particularly important and may be supported by methods like CLUE that identify influential
input factors ¢,
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To communicate uncertainty effectively, documenting uncertainty metrics and their implications for
decisions to stakeholders and decision-makers can be provided ®8. Advanced visualisations such as heatmaps
or boxplots %, or visual summaries like metro-maps with scorecards’ may enhance transparency and
communication of uncertainty and associated impacts. Using narrative-based approaches may also
communicate possible future uncertainties and their consequences, providing a richer content compared to
quantitative scenarios alone’!. Bridging qualitative and quantitative methods may better embrace and
communicate uncertainty in decision-making processes, provide semantic mediation mechanisms are in
place to align qualitative and quantitative perspectives’.

4.2.3. Enhancing user engagement with data assets and datasets

While previous sections touched on engagement with data assets and datasets, this section focuses more
directly on the factors influencing such engagement—particularly those related to data access, data quality,
and collaborative functionality. These elements are critical to enabling knowledge sharing and digital
transformation. Figure 10 summarises the key factors identified in this analysis that influence stakeholder
engagement with data.

* long-term monitoring support

digital literacy

data governance & data sovereignty frameworks
restricted access to repositories

perceived value of non-traditional data sources
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Figure 10. Summary of identified factors influencing stakeholder engagement with data assets and
datasets.
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A key requirement for improving engagement is enhancing digital literacy, which can also increase
stakeholder contributions to datasets’®. While tailored documentation and capacity-building resources can
support learning and the effective use and interpretation of data, these measures alone may be insufficient.
Deeper engagement often requires active involvement, such as through co-design or participatory modelling
activities. These not only foster individual skills but also help build learning communities where stakeholders
share knowledge and experiences, ultimately contributing to data innovation and improvement”.

|75

According to Julie et al.”>, essential digital literacy competencies include:

e Interpersonal and education skills

e Digital etiquette (awareness of privacy, legal, and security issues)

e Information search and research skills

e Collaboration and leadership

e Attention management (handling and prioritising large volumes of information)

Beyond individual digital skills, effective knowledge and data sharing also depend on the availability of
collaborative features—such as discussion and workspace tools, feedback mechanisms, and governance
processes. Collaborative platforms provide digital environments for stakeholders to communicate,
cooperate, and coordinate. This analysis identified several key requirements for such platforms, particularly
the need for working and discussion spaces. These spaces typically offer features like data versioning, forums,
event notifications, access controls, search functions, mobile access, and customisable interfaces’®.

Importantly, these platforms must be flexible and adaptable to evolving user needs, technological
developments, and social change. Flexibility can be enhanced through:

e Support for application modules or export functions (see Section 4.2.2) 7’
e Open-ended design goals’®

e Use of practical guidance and frameworks to improve agility (e.g., adaptive frameworks developed
in collaborative manufacturing networks that combine continuous data integration, divergence
detection, adaptive response mechanisms and ongoing assessment to adjust to changing contexts
and user needs’®)

e Mechanisms for ongoing feedback and iterative improvement®
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Open access to data and collaborative platforms also emerged as a major theme. While platforms bring many
benefits®!, challenges such as managing large numbers of simultaneous users and preserving shared data and
knowledge remain significant. Addressing these issues requires support for computationally intensive
processes, including adequate data storage infrastructure (see Section 4.2.1).

Additional barriers to open access include:
e Limited access to digital infrastructure or stable broadband

o Integrity and longevity of data links, which can degrade over time due to data evolution or
maintenance gaps

Automation may help monitor and maintain data link integrity, issuing timely warnings when links require
updates #2. Legal restrictions, licensing conditions, cognitive biases, and concerns about control and misuse
of data can also inhibit access and engagement?®. Addressing these challenges requires robust data
governance and data sovereignty frameworks, which clarify roles, responsibilities, and expectations for
communication and data use among stakeholders (e.g.,®*).

In particular, Indigenous data sovereignty must be respected, recognising Indigenous agency, worldviews,
and specific data needs. This includes applying CARE principles (Collective benefit, Authority to control,
Responsibility, Ethics) alongside FAIR principles (Findable, Accessible, Interoperable, Reusable) to inform
governance and stewardship. Ethical standards such as the AIATSIS Code of Ethics for Aboriginal and Torres
Strait Islander Research can also help uphold Indigenous data rights®.

Finally, promoting digital equity is essential for ensuring more inclusive access and engagement.
Marginalised or vulnerable groups may face barriers such as lack of digital identity, infrastructure, financial
means, or digital literacy. Addressing these inequities may require more active government involvement,
including expanding network infrastructures, implementing protective policies, and funding engagement
programs to better understand and address digital needs®—though this falls beyond the direct scope of this
report.

5.Conclusions

This meta-analysis of existing ontologies and data schemas® in the Murray-Darling Basin (MDB) highlights
the important role of data in enabling robust, adaptive, and inclusive decision-making across complex socio-
ecological systems. While water-related data is relatively mature, critical gaps may remain in integrating
cross-sectoral, temporal, and human-centric data. The findings underscore the need to shift from fragmented
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data infrastructure toward more integrated, interoperable, and user-responsive systems that reflect the full
complexity of the Basin's challenges.

Three strategic improvement areas emerged:

e Broadening the scope and inclusivity of datasets to better represent dynamic interactions across
environmental, institutional, and community systems.

e Improving design and functionality of data assets to support usability, analytical agility, and
effective communication of uncertainty.

e Strengthening user engagement and digital inclusion, particularly through participatory design,
open access, digital literacy, and attention to ethical and equity considerations.

These challenges appear tightly linked to five identified overarching requirements for MDB data systems:
e Data integration and interoperability
e Enhanced user experience
e Access to temporal data (historical, real-time, forecast)
e Improved data access (to discover and to contribute to data)
e Rigorous data quality assurance

Taken together, these improvements offer a foundation for future-ready, systems-based decision-making in
the Basin. However, given that this analysis is based on a selected set of data assets, some findings and
recommendations may warrant further validation.

To support a more resilient and inclusive MDB data ecosystem, the following actions are recommended:
1. Invest inintegrated and scalable data architectures

Support the development of modular, interoperable systems that enable seamless exchange across
disciplines, sectors, and scales.

2. Co-create datasets with communities and cross-sector actors

Prioritise participatory approaches to ensure data assets reflect lived experiences, Indigenous knowledge,
and socio-economic realities.

3. Design data tools for usability, learnability, and transparency

Improve user interfaces, provide practical guidance, and ensure transparent documentation of assumptions
and uncertainties.

4. Embed collaborative features into data platforms

Enable shared workspaces, version control, and dialogue tools to facilitate knowledge co-production and
continuous improvement.

5. Advance digital literacy and equity

Strengthen capacity-building programs and ensure marginalised groups have the tools, access, and support
to participate meaningfully.

6. Align with CARE and FAIR principles to support ethical governance
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Embed and strengthen ethical data governance and Indigenous data sovereignty, to ensure that data access
and use are transparent, equitable, and beneficial for all communities.

These actions are not only technically feasible but socially necessary to ensure that MDB data assets support
decision-making that is equitable, informed, and adaptive in the face of ongoing environmental and societal

challenges.
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Appendices

Appendix A. Theory of Change (ToC) underpinning contribution of
this report

A theory of change (ToC) was developed to ensure alignment of this deliverable and other contracted
deliverables, particularly Deliverables 3 and 5, while also supporting the project’s intended impacts and
remaining feasible for the delivery team. The ToC also served to clarify the logic underpinning of this work
and identify key assumptions that required testing and iteration during implementation,

The guiding research question for this work was “what is the current state of data assets and datasets for
planning and management under climate and societal challenges in the MDB?”

This question focuses on:
e data assets, i.e., decision support tools, including models and databases as well as relevant tools
o datasets, typically managed as collections within repositories or databases.

e planning and management activities, specifically those under conditions of climate change and
societal uncertainty, though other challenges (e.g., accounting for multiple scales) are not excluded.

e Stakeholders in planning and management, also users or contributors to data assets and datasets.

To tackle this guiding question, three more specific research questions were posed, each with targeted
outputs:

1. “What data asset types are available to stakeholders in planning and management in the MDB?”
- Output: Ontology of data assets in planning and management

o Purpose: Provide consistent descriptive categories to support both the catalogue
(Deliverable 3) and meta-analysis (Deliverable 5).

- Output: Model and data catalogue (Deliverable 3)
o Purpose: Provide an overview of existing data assets.
2. “What are key features for these data assets and associated datasets?”
- Output: Meta-analysis of ontologies and data schemas (Deliverable 5)

o Purpose: Identify key features and interconnections across data asset types, their
associated dataset categories, planning and management uses, and stakeholders/users.

3. “What gaps may potentially exist that may require improvements or further exploration?”
- Output: Meta-analysis of ontologies and data schemas (Deliverable 5)

o Purpose: Highlight potential gaps across identified data assets, framed as requirements
or areas for improvement, that could inform case studies.

Figure A.1 presents the Theory of Change showing how Deliverable 3 (Model and Data Catalogue) and
Deliverable 5 (Meta-Analysis of Ontologies and Data Schemas) could contribute to outcomes and long-term
impacts of the One Basin CRC. The figure maps the logic from inputs and process through to outputs,
outcomes and impacts, with a particular focus on the flow from identifying and categorising data assets to
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generating recommendations for actions that may contribute to unlocking collaborations for transformation
in the Murray Darling Basin.
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Contribution of One Basin CRC to transformative innovations for “unlocking collaborations for transformation”in the

Murray Darling Basin.

Figure A 1. Theory of Change: aligning the Meta-Analysis of Ontologies and Data Schemas with the
Catalogue and Case Studies. Assumptions critical to achieving intended outcomes are highlighted in yellow.
The warning symbol indicates limitations in meeting these assumptions, which prompted an iterative
literature review to identify additional data assets and refine ontological descriptions.

The yellow boxes highlight key assumptions that must be met for the outputs to enable meaningful outcomes
— most notably the assumption that the catalogue would be sufficiently comprehensive and well-described
to support robust meta-analysis. However, during implementation, this assumption was only partially met,
leading to the iteration shown in red. The delivery team undertook an additional literature review to expand
the catalogue and strengthen the ontological descriptions, ensuring that Deliverable 5 could provide useful
insights into potential gaps and opportunities to enhance the value of data assets for planning and
management.

The outcome of this process is a more coherent understanding of the MDB’s data landscape. These outputs
are intended to inform case study opportunities based on identified requirements and recommendations for
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actions. Ultimately, this work contributes to the One Basin CRC’s overarching goal of "Unlocking
collaborations for transformation" in the Murray-Darling Basin.
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Appendix B. Information types identified across data assets

The categories identified and used for the meta-analysis derived from the catalogue (see delivery 3).
Additional categories were added to that initial categorisation, such as farm management or transport &
utilities, to better account for some datasets provided by the analysed data assets. Table B.1 lists these
categories together with umbrella categories to ease their grouping and analysis for the meta-analysis.

Table B 1: Information types and associated categories identified across data assets. Levels are aligned with
ontology hierarchy levels.

Dataset types Detailed categories
(4th level) (5th level)
Water e Surface water

e Groundwater

e Reservoirs & storages

e Water quality

e Water usage & water markets

e Drinking water supply & networks
e Water service providers

e Water management, policy, regulation & governance

Agriculture & Farm systems e Crop types and productivity
e Crop variety information
e Farm management
e Agricultural emissions & nutrient runoff
e Livestock
e Dairy
e Broadacre
e Mixed farming
e Fishery
e Agricultural commodities (broadly)

e Agricultural capability building programs
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Land & Environment e Land cover & land use

e Soil properties
e Topography & geography
e Forestry

e Natural hazard, risk & management

Weather & Climate e Climate scenarios, variability & extreme events

e Current & historical weather

Ecosystems & Biodiversity e Ecosystem health & catchment conditions
e Biodiversity
e Biosecurity

e Environmental management (include guides, fire management)

Governance & e Administrative & regulatory boundaries and processes
Administrative Boundaries

Communities & Society e Population & demographics

e Indigenous data (includes knowledge, cultural, management and
land information)

Infrastructure & Economy e Transport and utilities
e Energy
e  Mining

e General infrastructures

e Business & Economics (include tourism)

The main types of information found across data assets is presented in Table B.2. Green and yellow cells
highlight highly and moderately occurring information types across data assets, respectively. Red cells show
areas presenting potentially gaps in information across analysed data assets that may affect their utility.

Unlocking Collaborations Meta-analysis of ontologies and data schema 58



Table B 2: Matrix of information types and occurrence across analysed data assets.

Water resources

Surface water

dashboard

Groundwater

Reservoirs & Storages

Water quality

Water usage & water markets

Drinking water supply & networks

Water service providers

Water management, policy,
regulation & governance

Agriculture & Farm systems

Crop types & productivity

Crop variety information

Farm management

Livestock

Dairy

Broadacre

Mixed farming

Fishery
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Agricultural commodities (broadly)

Agricultural emissions & nutrient
runoff

Agricultural capability building
programs

Climate, Weather, Land and &

Environment

Land cover & land use

Soil properties

Topography & geography

Forestry

Natural hazard, risk & management

Climate scenarios, variability &
extreme events

Current & historical weather

Ecosystems & Biodiversity

Ecosystem health & catchment
conditions

Biodiversity

Biosecurity

Environmental management (include

guides, fire management)

Governance &

Administrative

Boundaries

Administrative and regulatory
boundaries and processes
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E Transport and utilities 0 1 2
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] Energy 1 1 2
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§ General infrastructures 0 0 0
v

% Business & Economics 2 1 2
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Appendix C. Uses of data assets for planning and management

Table C.1 lists the identified planning and management activities identified across the different data assets
we analysed and associated detailed categories as well as included themes.

Table C 1: Main use of data assets for planning and management activities. Levels are aligned with ontology

hierarchy levels.

Planning & management Detailed categories and included themes

activities
(3" level, black dot points)
(2" level)
Water resource planning e water planning and management and policy development
and management (broadly)

o

water resource management and policy development

e Water accounting, allocations, announcements, restrictions
and trading

o

o

o

o

water allocation announcements

water allocation management

water allocation and planning of water deliveries
water allocation and trading operations

water allocations for agriculture, industry and
communities

water entitlement and allocation management and
operations

water trading
water trading policies
water restriction planning

water accounting

e Water sharing plans

o

cross-jurisdictional water planning and sharing

e Water compliance

o

sustainable diversion limits (SDLs) compliance

e Environmental flows

o

o

environmental flow planning and delivery

environmental flow planning and management
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e Urban water planning and management
o integrated urban water management
o stormwater and water demand planning

e Watershed, catchment, basin health assessments, planning and
management

o waterway health assessments, planning and

management
Environmental planning e Environmental monitoring, assessments, planning and
and management management (broadly)

o environmental management and reporting

o local environmental planning

o land and environmental planning and management
o environmental impact assessment

o environmental monitoring

e Environmental restoration, conservation, heritage protection &
sustainability (including biodiversity and habitats)

o environmental management & heritage protection
o environmental conservation and sustainability

o environmental and sustainability planning

o biodiversity conservation

o biodiversity protection

o biodiversity conservation policy development

o biodiversity impact assessments

o Biodiversity credits

o habitat restoration

o conservation planning

e Land management interventions (including fire management,
erosion control, and corridor planning)

o fire planning and management

o strategic fire planning

o ecological corridor planning

o erosion control and reforestation planning

o land rehabilitation
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Land wuse, wurban and e Land use planning and development
regional planning o land use and development planning
o land use planning and zoning
o land development
o land development and property sales
o land administration
o land use policies and regulations
e Resource planning and allocations
o sustainable resource planning
o mineral exploration development
e Regional and place-based development and planning
o regional planning and development
o local strategic planning
o place-based planning

o rural community development and regional
sustainable growth

e Urban planning, development and management

o urban expansion and infrastructure development
planning

o urban stormwater management and land use planning

o urban green space planning

Disaster risk management e Disaster risk preparedness, reduction, emergency response
and emergency planning (including warnings) and recovery

o disaster risk preparedness and reduction planning
o disaster risk reduction and emergency planning

O emergency response

o emergency announcements and evacuations

o disaster recovery planning

e Natural hazard planning and management, including floods and
droughts

o flood risk planning
o flood protection and mitigation

o flood and drought risk management
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Strategic and adaptive
planning and
management

Agriculture, farming and
irrigation planning and
management

o flood forecasting

o drought monitoring and forecasting

Strategic planning and asset management (including support)
o strategic planning and management
o strategic operations and developments
o operational planning and management
o strategic asset management
o planning and management support
Military strategic planning
o strategic planning for defence
o military operations planning
Adaptive planning
o anticipatory planning
o future-proofing infrastructures and businesses
o forecast publications and services

o drought resilience planning

Agricultural sustainability, management and operations
(including precision agriculture and pest management)

o sustainable agriculture and land management
o pest and disease risk management
o sustainable pest management
o precision agriculture and forestry management
Irrigation planning and management
o irrigation management
o irrigation schedules
o irrigation infrastructures funding
o irrigation and crop planning
Crop innovation, planning and management (broadly)
o crop suitability analysis
o crop breeding programs

Farm planning and operations
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o farm operations and crop planning

o farm and agribusiness management

o farm planning and risk analysis support
o farm forecasting support

o farm water operations

o farm water and soil management

o farm operations and water entitlement management
for sustaining crop seasonal water demand

e Agribusiness planning and operations
e agribusiness financial and operational planning

e agribusiness supply chain planning

Policy and regulation e policy development and evaluation
e policy implementation
e policy formulation
e policy analysis and recommendations
e policy analysis and robustness
e policy update
e policy changes
e policy and regulation compliance
e policy and regulation compliance and enforcement
e compliance to statutory requirements
e compliance enforcement

e natural resources management, policy development and
regulatory compliance

e conflict-sensitive planning
e Environmental policies and regulations
o environmental regulation
o environmental policy development

e Resilience and recovery policy

Infrastructure  planning e infrastructural development
and development and

e infrastructure planning
asset management

e infrastructural and sectoral development
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e infrastructure resilience planning

e utilities planning and asset management

e strategic asset management

Community engagement e Stakeholder engagement, information and consultation

and advocacy
O

o

community engagement
community consultation

community consultation and engagement in planning
decisions

stakeholder engagement and communication on
landscape changes

community resilience information and building
programs

e Collaborative planning and management, co-governance and
community advocacy

o

o

Indigenous knowledge
and governance

knowledge inclusion in decisions

community engagement and advocacy

stakeholder engagement and network governance
community-led planning and monitoring

public engagement in planning processes

citizen science and participatory monitoring programs
community driven science

Environmental advocacy

co-governance with First Nations

e First Nations' data sovereignty and governance

e Indigenous policy development

e Indigenous management

Socio-economic planning e Industry and economic planning, operations & development
and development (including market and economic forecasting and portfolio
management)
o economic planning and development
o sectoral development
o market forecasting
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Research, education and
capacity building

Financial risk, insurance
and budgeting

o economic forecasting and analysis

o business operations (including mineral exploration)

o network operations

o portfolio management
Sustainable socio-economic development

o sustainability and economic development

o energy transition and sustainable development

o poverty mitigation and social development
Housing and economic development

o development project assessment

o property development planning

o property management

Societal resilience

o vulnerability analysis and social services development

education and training
education programs
public education programs
research and innovation
capacity building

resilience capacity building

insurance and financial risk assessments
financial risk assessments (e.g., farms)
insurance policy development

drought insurance innovations

budget planning and forecasting

Planning and management activities, supported by analysed data assets are presented in Table C.2. Green
and yellow cells highlight highly and moderately occurring uses of data assets for planning and management,

respectively. Red cells show areas presenting potentially gaps in data assets to effectively support some

planning and management.
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Table C 2: Matrix of planning and management activities and occurrence across analysed data assets.
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Environmental restoration, conservation, heritage
protection & sustainability (including biodiversity and
habitats)

Land management interventions (including fire
management, erosion control and corridor planning)

Land use planning and development

Resource planning and allocations

planning

Regional and place-based development and planning

Land use, urban and regional

Urban planning, development and management

Disaster risk preparedness, reduction, emergency response
(including warnings) and recovery

Natural hazard planning and management, including floods
and droughts

Disaster risk management
and emergency planning

Strategic planning and asset management (including
support)

Military strategic planning

Strategic and
adaptive planning and
management
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Adaptive planning

Agricultural sustainability, management and operations
(including precision agriculture and pest management)

Irrigation planning and management

Crop innovation, planning and management (broadly)

Farm planning and operations

Agriculture, farming and irrigation planning and
management

Agribusiness planning and operations

Policy and regulation

Policy and
regulation

Infrastructure planning and development and asset
management

Infrastructure
planning and
development and
asset management

Stakeholder engagement, information and consultation

Communit
y
engageme
nt and
advocacy
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Collaborative planning and management, co-governance
and community advocacy

Indigenous knowledge

and governance

Indigenous knowledge and governance

Socio-economic planning and

development

Industry and economic planning, operations &
development (including market and economic forecasting
and portfolio management)

Sustainable socio-economic development

Housing and economic development

Societal resilience

Research,

education and

capacity building

Research, education and capacity building

Financial risk,

insurance and

budgeting

Financial risk, insurance and budgeting
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Appendix D. Identified stakeholders in planning and management
using data assets

Table D.1 lists the identified stakeholders in planning and management activities identified across the
different data assets we analysed and associated detailed categories as well as included themes.

Table D 1: Identified stakeholders in planning and management potentially using the analysed data assets.
Levels are aligned with ontology hierarchy levels.

Stakeholder groups Detailed stakeholders

(2" level) (4t level, black dot points)

Government agencies and e State, and Federal Government Agencies (e.g., DCCEEW, SA DEW,
policymakers DES, WaterNSW, MDBA)

e Local Governments and councils
e Water regulators and authorities (e.g., RDMW, CEWO)
e Emergency services (e.g., fire departments)
e Environmental management agencies
e Other government agencies:
o Planning and infrastructure authorities

o Treasury, Infrastructure Australia, international government

donors
Researchers, academics and e Universities, think tanks, research institutes (e.g., CSIRO, ABARES,
analysts Geoscience Australia)

e Independent scientific committees and advisory boards

e Data scientists, analysts, and technical experts (e.g., hydrologists,
geologists, agronomists)
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Industry and commercial
sector

Water sector professionals

Other professional
practitioners

Community, public and civil
society

Educational and training
institutions

Agriculture industry:

o Agriculture and agribusiness (farmers, irrigators, graziers,
vegetable producers)

Other industry and commercial sectors:
o Energy, mining, and resource companies
o Aquaculture, forestry, construction, and engineering firms

o Developers, real estate professionals, logistics, and
transport companies

o Electricity market participants

Water utilities and service providers (urban and rural)
Water managers and planners
Water brokers/traders

Water asset investors

Urban and regional planners, architects, surveyors
Environmental scientists, engineers, ecologists
Lawyers (e.g., title and property lawyers)

Real estate and land professionals

Insurance and risk assessment professionals

Consultancies and planning firms

Citizen science groups

Community advocacy groups, NGOs, and conservation organisations
General public

Customers

Regional communities and residents

Indigenous communities and organisations (e.g., traditional owner
groups, land councils)

Schools, tertiary educators, and students
Professional training institutions

Researchers involved in public education and outreach
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Financial and investment e Investors and financial analysts

sector . .
e Banks, lenders, and financial institutions

e Credit traders (e.g., biodiversity offset markets)

Different stakeholders in planning and management, also potential users of data assets were mapped in
Table D.2. Green and yellow cells highlight highly and moderately occurring users across data assets,
respectively. Red cells show areas presenting potentially gaps in user engagement with data assets, that
could affect effective planning and management decisions.
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Table D 2: Matrix of stakeholders in planning and management and potential occurrence as users across analysed data assets.
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Other industry and commercial sectors

Water sector

professionals

Water sector professionals

Other professional
practitioners

Other professional practitioners

Financial and

investment sector

Financial and investment sector

Community, public and civil society

Citizen science groups

Customers

Community advocacy groups, NGOs, and conservation
organisations

General public
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Regional communities and residents

Indigenous communities and organisations (e.g.,
traditional owner groups, land councils)

Educational and

training institutions

Educational and training institutions
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Appendix E. Identified over-arching requirements and associated
gaps across the analysed data assets

E.1. Requirements for data integration and interoperability

Three identified gaps, described in the following subsections, were related to the scope of datasets;
existence of comprehensive metadata; and integration with external of cross-sectoral tools and platforms
(Figure E.1.1).

M Gap in integration with
external or cross-sectoral tools
and platforms

M Gap in comprehensive
metadata

™ Gaps in the scope of datasets

Figure E.1.1. Potential gaps in data integration and interoperability

Scope of datasets (59%)

“Missing, incomplete, or insufficiently detailed data that limit the ability to represent key systems, sectors,
variables, or interactions relevant to decision-making. These gaps may include limited geographic, temporal,
or thematic coverage,; absence of specific social, economic, environmental, or institutional information; or a
lack of integration, granularity, or forward-looking indicators necessary for robust and adaptive analysis."

Four identified sub-gaps were found, as illustrated in Figure E.1.2.

B Gap in comprehensive
Basin-wide data

M Gap in data layers and
contextual factors

M Gap in the scope for a
variable or component

B Gap in inclusion of broader
impacts on systems

Figure E.1.2. Identified sub-gaps underneath ‘gaps in the scope of datasets’.
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Each of them is described next, with included themes identified across analysed data assets.

Data layers and contextual factors:

“A lack of integrated, high-resolution, and context-specific data that captures the environmental, social,
cultural, and economic dimensions influencing system dynamics—particularly those related to spatial
heterogeneity, cross-scale interactions, emerging issues, and underrepresented populations or sectors.”

Table E.1.1. Categories for ‘gap in data layers and contextual factors’ and included themes.

Categories

1. Environmental and
Ecological
Complexity

2 Socio-Economic
and Cultural
Dimensions

3. Agricultural and
Bio-physical
Interactions

4. Technological and
Industrial Change

Included themes

Lack of inclusion of data layers such as ecological health indicators, land
use patterns

Lack of inclusion of complex environmental factors like water management
and biodiversity loss in a detailed manner

Lack of cumulative impact assessment data

Lack of modules for models to capture landscape-scale processes, such as
the interactions between adjacent agricultural zones, water flows across
fields, and the effects of land use on ecosystem services at larger scales
(e.g., watersheds or regions)

Lack of capture of fine-scale variation in land costs, stewardship feasibility,
or ecological context

Lack of inclusion of socio-economic data, especially for population
vulnerability or Indigenous land use

Lack of effective capture of emerging or cross-cutting issues such as climate
change adaptation overlays, social vulnerability and demographic
indicators, ecosystem services and cultural landscape values

Lack of detailed social and cultural datasets at a very granular level,
especially for niche topics like mental health, lifestyle choices, or ethnic
diversity

Lack of integration of Aboriginal land rights, claims and cultural heritage
data into mainstream land information systems

Lack of capture of interactions, for example between crops, pests,
diseases, and biocontrol methods, that could not fully capture the
complexities of Integrated Pest Management (IPM) strategies

Lack of inclusion of rapid pace of technological innovation or the evolving
nature of industries, particularly those that are transitioning towards
sustainability (e.g., renewable energy technologies, automation in
manufacturing)
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5. Global and
Economic Systems

6. Spatial and
Geographic
Resolution

7. Climate Data and
Downscaling Issues

8. Terrain and
Remote Area Data
Gaps

9. Granularity and
3D/4D
Representations

Lack of capture of the complexities of global trade dynamics, especially as
they pertain to trade networks, global supply chains, or the effects of
geopolitical tensions (e.g., trade wars, sanctions). Global economic shocks,
such as those induced by pandemics or trade disruptions, may not be
modelled in sufficient detail.

Gaps in geographic resolution and downscaling, where aggregated data
may not capture intra-regional variations, especially in larger council areas
with multiple towns facing different water challenges, and may
oversimplify complex catchment or landscape features like wetland, urban
areas or agriculture areas as well as modelling of complex spatial
heterogeneity, especially across larger landscapes or catchments

Lack of existing high-resolution versions for spatial models for some
regions or states

Lack of models' sectoral disaggregation or regional granularity, especially
when analysing smaller regions or specific industries

Lack of fitness of datasets used as model inputs for local applications, too
generalised or missing fine scale details (e.g., green infrastructures)

Lack of effective systems to remove systematic errors introduced by
dynamic downscaling methodologies from parent GCM selection,
resolution constraints, uncertainties in parameterisation of local processes
and bias correction techniques

Lack of ability for statistical downscaling to fully capture local scale climate
processes, especially extreme weather events (e.g., convective storms)

Lack or unreliable data in rugged terrain, dense forests or coastal/intertidal
zones or no data areas especially for waterbodies, cloud-covered areas (for
optical-based DEMs) and flat, reflective surfaces (radar signal issues)

Lack of vertical accuracy, such as with DEM-S that is smoothed and
sacrifices vertical details to remove noise (e.g., vegetation and buildings)

Lack of 3D or 4D parcel or property representations, and spatial and
temporal granularity for detailed analysis especially for rural and remote
areas where data may be less frequently updated or less precise

Lack of accuracy or applicability of data for high-spatial resolution uses
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Scope for a variable or component:

“A limitation in the breadth, depth, or representation of variables or system components, where important
elements—such as sector-specific practices, socio-economic dynamics, ecological or hydrological features, or
underrepresented groups—are missing, oversimplified, or insufficiently integrated into models or datasets.”

Table E.1.2. Categories for ‘gap in the scope for a variable or component’ and included themes

Categories

1. Sectoral and
Thematic Coverage
Gaps

2 Ecological and
Environmental Gaps

Included themes

Lack of inclusion of some variable or components relevant to a specific
sector. For example, some pesticides may only be registered for
application to sugar cane, and not encompassing pesticides used across
various agricultural sectors

Lack or insufficient coverage of some data (e.g., inclusion of water quality
indicators)

Lack of appropriate coverage of groundwater trading and integration with
surface water

Lack or limited coverage of small and private water storages or small-scale
developments

Lack of full integration of advanced irrigation management practices or
irrigation system dynamics (e.g., drip irrigation, smart irrigation scheduling
based on real-time data), and lack of detailed irrigation system design
components

Lack of integration of economic aspects like pricing, subsidies, or trade
impacts on agricultural systems

Lack of modelling capability to include relevant representations and level
of details for groundwater systems

Lack of information on less-studied or rare species/less-known species
(e.g., invertebrates, fungi, microorganisms)

Lack of capture of compound extremes (e.g., heat and drought) and
thresholds events important for ecology, agriculture or infrastructure
failure

Lack of capture of non-market values such as environmental goods (e.g.,
biodiversity, ecosystem services) or social impacts (e.g., health and well-
being)
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3. Socio-Economic
Representation Gaps

4. Geographic and
Demographic  Data
Gaps

5. General Systems
Understanding

Lack of inclusion of more nuanced labour market model related to
simplified assumptions about labour market dynamics, such as uniform
wage rates, perfect mobility, or constant labour supply elasticity across
regions

Lack of fitness of tools to account for heterogeneous preferences or
consumer behaviours, particularly in the context of regional or
demographic differences

Lack of inclusion of negotiated prices, bundled deals, actual supply of
credits or off-market arrangements, in addition to "spot" prices from
reported transactions

Lack of proper simulation of farmer decision-making behaviours, including
how farmers adjust their practices based on market conditions, risk
perceptions, or personal preferences, in addition to crop growth and
management practices

Lack of inclusion of non-water users like investors that can distort pricing
and reduce water availability for productive or ecological use

Lack of sufficient data points (geographical gaps), especially for remote or
under-surveyed areas

Lack of equal representation of all regions or states for datasets (e.g.,
focused on metropolitan areas, leaving rural or remote regions
underrepresented) as well as sectoral gaps (e.g., social welfare,
community-level data, and socio-economic disparities, that may have
fewer comprehensive datasets)

Lack or underrepresentation of data on certain issues like Indigenous
health, education, and well-being

Lack or limited existing knowledge on some systems.
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Comprehensive Basin-wide data:

“A lack of integrated, Basin-wide coverage across catchments, sectors, institutions, and socio-economic
domains—limiting the ability to model real-time dynamics, cross-sector risks, water allocation strategies, and
governance or regulatory variability across jurisdictions.”

Table E.1.3. Categories for ‘gap in comprehensive Basin-wide data’ and included themes:

Categories

1. Hydrological and
Catchment Data Gaps

2 Socio-Economic
and Sector
Representation Gaps

3. Governance and
Policy Modelling
Gaps

4, Market and
Forward-Looking
Data Gaps

5. Risk and Indicator
Representation Gaps

Included themes

Lack of coverage of some catchment and river systems

Lack of simulation of water allocation and management strategies across
multiple agricultural areas, especially under water scarcity conditions

Lack of inclusion of real-time water trading and markets, water allocations
and water entitlements

Lack of inclusion of technical data and societal data
Lack of inclusion of direct socio-economic exposure or vulnerability data

Lack of representation of some sectors (e.g., mental health, social equity,
biodiversity under climate change)

Lack of inclusion of rules-based modelling of governance processes or
institutional change

Lack of inclusion of data on policies, regulatory frameworks, planning
requirements, management frameworks or water-sharing rules in different
jurisdictions

Lack of forward market indicators due to focus on historical transactions
(e.g., credit demand forecasts, pending developments, or future supply
pipeline)

Lack of inclusion of key indicators of risks for different water users (e.g.,
agricultural risks such as frost risk or pasture growth potential or ecological
risks such as fire risk)
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B

» Inclusion of broader impacts on systems:

“A lack of representation of cross-system effects, feedbacks, and distributional outcomes—Ilimiting
understanding of how policies, scenarios, or decisions affect interconnected systems such as soils, water, plant
health, socio-economic groups, and long-term ecological or economic dynamics.”

Table E.1.4. Categories for ‘gap in comprehensive Basin-wide data’ and included themes.

Issues Examples of what was included
1. Cross-System and e Lack of consideration of impacts on other systems aside from a variable
Multi-lmpact Gaps like crops, such as soil, groundwater, plant health

e Lack of consideration of scenarios or guidelines providing values for more
or less disturbed systems

2 Policy Interaction e lack of inclusion of feedback loops or interactions between different types
and Feedback Gaps of policies (e.g., environmental policies, trade policies, fiscal policies) and
the economy over time

3. Equity and e lack of capture of distributional effects of policies on different social
Distributional groups or income classes
Analysis Gaps
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Integration with external or cross-sectoral tools and platforms (28%)

“A limitation in the ability of a system or model to seamlessly connect, exchange, and work with external data
sources, analytical tools, modelling frameworks, and sector-specific platforms. This includes issues with
interoperability across disciplines (e.g., water, agriculture, health), data formats, governance levels, and
digital technologies— with the potential to hinder holistic analysis, decision-making, and collaboration.”

Table E.1.5. Categories for ‘gap in integration with external or cross-sectoral tools and platforms’ and

included themes.

Categories

1. Interoperability
with modelling
frameworks and
analytical tools

2. Data
interoperability and
standards

3. Compatibility with
geospatial and
visualisation tools

Included themes

Lack of easy interoperability with other major water modelling
frameworks, such as: System dynamics models, Agent-based models and
Economic or ecological models.

Lack of interoperability with other data repositories, analytical tools and
platforms, including emerging models and digital tools like Machine
Learning and Bayesian approaches.

Lack of integration with cross-sectoral models (e.g., water, agriculture,
health, infrastructure) and with bridging climate projections with sector-
specific impact models (e.g., hydrological models for water security).

Lack of integration with other risk indicators or assessment models.

Lack of integration of built-in tools of stakeholder preferences or policy
consideration directly into ecosystem services models.

Lack of interoperability of heterogeneous data sources due to variations in
data formats, taxonomic references or data collection standards.

Lack of alignment between datasets coordinated systems, that may lead to
misaligned projections and datum, affecting data integration.

Lack of integration or interoperability of data especially for local
government planning scheme overlays, community-sourced or citizen
science datasets.

Lack of integration of existing valuable datasets (e.g., from Bureau of
Meteorology, CSIRO, Victorian Water Register, or health services).

Lack of seamless integration of data from multiple sources, including
market operators, weather services, and energy generators.

Lack of compatibility with commonly used geographic information system
(GIS) software.

Lack of integration of GIS-style interface.

Lack of integration of advanced visualisations (heatmaps, time series, etc.)
for complex data such as electricity flows, market pricing, or generator
performance
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4. Integration with
climate,
environmental and
planning data

5. Governance and
cross-institutional
data exchange

6. APls, data
pipelines and
technical
infrastructure

7. Integration of
socio-institutional
and behavioural
dynamics

8. Security Gap

Lack of seamless integration of climate projections, water quality models
or population growth scenarios.

Lack of integration with zoning/planning data, land-use data,
environmental datasets (e.g., wetlands, biodiversity overlays), policy
related data and infrastructure or socio-economic datasets.

Lack of seamless interoperable systems for data exchange between
Indigenous communities, government agencies, and other stakeholders.

Lack of seamless integration of tools, services and databases across a
State’s government agencies.

Lack of APIs or data pipelines for interoperable systems such as with farm
management software, climate tools, or hydrological models.

Lack of interoperability with global databases.

Lack of integration of dynamic processes such as socio-institutional
dynamics, governance transitions, or behavioural change.

Insufficient transparency or protocols around the use of publicly available
tools (e.g., R packages) for ensuring data compatibility, integrity, and
secure integration across datasets from different sources
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Comprehensive metadata (13%)

“A lack of consistent, complete, and transparent metadata—such as data lineage, classification standards,
naming conventions, and update histories—reducing clarity on data accuracy, structure, ecological or
locational context, and suitability for integration or reuse.”

Table E.1.6. Categories for ‘gap in comprehensive metadata’ and included themes.

Categories Included themes
1. Metadata and e lack of (consistent) metadata across datasets, including completeness or
Documentation Gaps standardization of metadata that accompany datasets

e lack of clear data lineage and information on data accuracy and validation
processes, transparency on spatial and temporal resolutions

e Lack of consistent ecological or locational metadata, such as: vegetation
types, ecosystem condition, threatened species or community associations
and landholder or buyer details (which could be de-identified)

2 Data Structure, e Lack of clarity on aggregated data
Formatting, and .
Claritv G g e Lack of transparency of data structure for some datasets, especially the
arity Gaps ) . . . -
yhap ones with potentially least impacts on a source's reputation or credibility
e Lack of consistency in attribute naming or formatting across dataset
e lLack of homogenous data formats, structures or standards such as
different data sources with different date formats, currencies, units or
encodings
3. Source Tracking e Lack of update in information about data sources such as changes in the
and Update Gaps name of a government agency
4. Taxonomic and e lack of clear identification of species (taxonomic uncertainty),
Classification Gaps classification evolutions and delays in updating them
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E.2. Requirements for user experience

Six gaps are described in the following subsections, which consist of gaps in: analytical tools and export
options; accessibility of the user interface to non-experts; comprehensive documentation and user support
materials; collaborative features; search functionality; and user input accuracy detection (Figure E.2.1).

B Gap in search functionality

Gap in user input accuracy
detection

Gap in collaborative features

M Gap in analytical tools and
export options

Gap in accessibility of user
interface for non-experts

Figure E.2.1. Potential gaps in user experience.

Accessibility of user interface for non-experts (25%)

“Limitations in designing intuitive and user-friendly interfaces, particularly for non-experts. It includes
challenges such as inadequate customization options, lack of mobile responsiveness, difficulty in learning and
using the tool, limited data usability, and the absence of tailored visualizations or summaries to help non-
expert users interpret complex data.”

Table E.2.1. Categories for ‘gap in accessibility of user interface for non-experts’ and included themes.

Categories

Included themes

1. Usability and

Interface Design
Gaps

2 Tailored
Visualization and

Data Interpretation
Gaps

e Limitations in intuitive and user-friendly interfaces, especially for
customisable views, tutorials or responsive design for mobile devices

e Limited learnability and ease of use of a tool

e lack of user-friendly features allowing users, especially non-experts, to
interpret data

e Lack of easiness to set up a model for non-expert users

e lack of tailored visualisations or summaries for non-expert users for
specific regions or sectors (e.g., agricultural calendars, urban heat impacts)
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Analytical tools and export options (25%)

“Limitations in providing built-in analytical tools that allow users to perform in-depth analyses and export
data for external use. It includes the lack of scenario analysis tools, tools for simulating policy changes, and
probabilistic climate projections. It also covers missing or inadequate export options, the absence of advanced
analysis tools like spatial modelling or multi-objective optimization, and insufficient features for future-
oriented simulations. Additionally, this gap involves limited visualization, reporting tools, and the ability to
integrate data with geographic information systems (GIS) or other platforms, hindering the ability to conduct
comprehensive analyses or use data in broader decision support systems.”

Table E.2.2. Categories for ‘gap in analytical and export options’ and included themes.

Categories

1. Analytical Tools
and Features Gaps

Included themes

Limitations in the provision of built-in analytical tools for users to perform
analyses, along with options to export data for external use

Lack of scenario analysis or tools for simulating different water market
conditions or policy changes (e.g., change in water sharing agreements or
in water prices)

Lack of probabilistic climate tools using ensemble-based projections
Lack of analytical features or ability to plug-in models or run simulations

Gaps for advanced analysis (e.g., spatial analysis, modelling, scenario
planning)

Lack of comprehensive models to evaluate species distribution (SDMs)
across a range of different environmental conditions

Lack of analytical features for comparative analysis across datasets
Limited or lack of support for deep uncertainty frameworks

Lack of sophistication of existing modules to represent systems and
scenario analysis

Lack of built-in features to analyse dynamic processes under changing land
uses and climate, like dynamic nutrient processes for some water quality
models

Lack of or limited built-in models' capability to simulate complex areas due
to their architecture (e.g., urban flood simulation models in highly built-up
areas)

Lack of post-processing and analytical tools to conduct in-depth analyses
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2 Data Export and
Integration Gaps

3 Interactive and
User Engagement
Gaps

4 Data Security and
Risk Gaps

5 Simulation and
Scenario Gaps

Lack of access to reporting tools and data export options

Lack of ability to download some data layers or availability of full APl or
interface for programmatic access

Limited download functionality or export tools for custom analyses

Lack of available APIs, data export formats, or interoperability with other
industry platforms for using data in broader decision support systems or
custom applications

Limitations to integrate data with geographic information systems (GIS) or
other spatial tools for advanced spatial analysis

Lack of exploratory or future-oriented features or built-in tools

Lack of interactive features for users to engage more effectively with the
data

Limited visualization tools or in-platform dashboards for previewing data
before download

Limited analytical tools and derived products due to focusing on hosting
raw datasets, with minimal analytics, derived indicators, or pre-packaged
summary statistics as well as few pre-configured dashboards, trend
visualizations, or scenario explorers

Potential risks from downloading information from generally public
repositories or websites, hosted on unsecured online platforms (http)

Lack of built-in tools for simulating different energy scenarios (e.g., high
demand, low generation)
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Comprehensive documentation and user support materials (20%)

“Lack of complete, transparent, and accessible documentation and support resources needed to effectively
understand, interpret, and apply data, tools, or models. It includes insufficient guidance on system
functionalities, unclear model assumptions, limited support for interpreting uncertainty, and a lack of
contextual information for both expert and non-expert users. It also encompasses inadequate training
materials, limited guidance for Indigenous communities or sector-specific users, and missing information on
how to navigate fragmented rule sets, methodologies, and model outputs—ultimately reducing users'
confidence and ability to make informed decisions. “

Table E.2.3. Categories for ‘gap in comprehensive documentation and user support materials’ and

identified themes.

Categories Included themes

1. General .
Documentation Gaps

2 Guidance for .
Interpreting Data and
Models

Limitations in documentation and support materials
Incomplete documentation of all functionalities

Limited documentation on some functionalities (e.g., a risk premium is
included to account for future uncertainties, but how this premium is
calculated and applied is not always clear)

Lack of documentation on the purpose, assumptions, methods and range
of applications of a tool that may lead to inappropriate selections of tools
for specific tasks

Lack of transparency on the exact methodologies used (e.g., parameters in
the cost models or econometric tools) that can affect confidence in a
system

Lack of guidance and provision of contextual information to interpret and
use data, including communicating uncertainty to users, clarifying how to
interpret model outputs to non-experts, or highlighting gaps in scenario-
based adaptation frameworks for decision-makers

Lack of guidance on how to interpret GCMs or select among these models

Lack of transparency on model assumptions and calibration steps for non-
experts, as well as limited to no support for uncertainty quantification,
sensitivity testing or reproducible workflows

Lack of detailed, contextual information to help users understand how to
properly interpret the data
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3 User-Specific
Support Gaps

4 Tool and Rule
Navigation Gaps

Collaborative features (15%)

Lack of sufficient guidance for non-expert GIS users to use a tool and
interpret information

Lack of tailored documentation, training and resources for Indigenous
communities to build their technical capacity and support the full
utilisation of systems, especially for data analysis and data literacy

Lack of adequate training resources to properly use and analyze the
datasets available

Lack of guidance for users to find and identify relevant tools for specific
sectors or applications

Lack of guidance for users to find and manage fragmented rule sets

Lack of or limited communicating procedures for seeking variations to
development authorisations (specific to urban, regional and infrastructural
planning)

“Limited functionality for supporting collaboration, co-design, and user engagement across diverse
stakeholders. It includes the absence of features for project sharing, version control, and multi-user access;
limited feedback mechanisms, user support, and community forums; and a lack of inclusive tools for
participatory processes, especially for non-experts, regional stakeholders, or First Nations communities. It also
reflects insufficient support for tailored user roles, co-production of datasets, and mechanisms to manage
jurisdictional overlap or agency collaboration—ultimately constraining transparency, inclusivity, and shared
learning in water planning and data use. “

Table E.2.4. Categories for ‘gap in collaborative features’ and included themes.

Categories

1. Collaboration and
Sharing Limitations

Included themes

Limited ability for sharing projects and results (e.g., lack of version control
and multi-user access)

Lack of long-term workspace or project sharing capability

Lack of mechanisms for handling multiple users' simultaneous engagement
with a system, provision of feedback, or engagement in participatory
processes

Limited ability for non-expert users to access functionalities and
streamlined processes to share data (e.g., groundwater users may struggle
to enter metering data on water usage)
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2 Feedback, Support,
and Community
Engagement

3 Participatory
Design and
Customisation Gaps

4 Accessibility and
Technical Barriers

5 Governance &
Institutional
Coordination Gaps

Lack of inclusion of mechanisms for user feedback and community
engagement such as forums

Lack of mechanisms for feedback or user support and limitations in
response times and the depth of support

Limited user feedback mechanisms (e.g., rating datasets, reporting issues,
requesting data), absence of integrated community or discussion space for
dataset users to share tips, scripts, or use cases

Lack of or limited opportunities to co-design or co-produce datasets with
stakeholders (important in regional or First Nations contexts)

Lack of customisation options for different user roles by considering a one-
size-fits-all system that may not meet the needs of various stakeholders
(e.g., policy makers, operators, traders, or consumers)

Lack of perceived usability and the relevance of indicators to stakeholders

Lack of easy access to processed outputs due to significant computational
resource requirements

Lack of capacity for some users to download and handle large collections,
limiting their access to substantial datasets

Lack of mechanisms enabling participation for smaller or less tech-savvy
water users

Lack of ability to track overlapping jurisdictions, conflicts, or co-
management arrangements between agencies
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Search functionality (11%)

“Limitations in locating and retrieving relevant datasets due to complex interfaces, inconsistent tagging,
outdated design, or limited search filters. It includes challenges such as poor alignment with user terminology,
lack of intuitive navigation, and insufficient keyword or metadata structures—making it difficult, especially
for non-experts, to find and access needed data efficiently across large or complex datasets.”

Table E.2.5. Categories for ‘gap in search functionality’ and included themes.

Categories Included themes
1. Data e Lack of or limitations in locating specific datasets due to complex search
Discoverability and criteria or interface design

Search Limitations . o - .
e Lack of simple search criteria or ability to find relevant datasets due to the
large volume of data or complex file formats
e Limited ability of keywords and filters to reflect common user terminology

e Lack of consistency in dataset tags, making relevant datasets hard to find

2 User Interface and e lack of attractiveness of user interface due to obsolete code, lack of
Design Limitations updates or aim to maintain access and compatibility for older systems

User input accuracy detection (4%)

“Absence or limitation of mechanisms for identifying and correcting inaccurate, incomplete, or biased user
inputs. It includes challenges such as undetected equipment malfunctions, data transmission errors,
misidentifications (e.g., of species), and insufficient training or support for contributors (e.g., in citizen
science), all of which can compromise data quality and reliability.

Table E.2.6. Categories for ‘gap in user input accuracy detection’ and included themes.

Categories Included themes
1. Data Validation e Llack of detection of incorrect or incomplete inputs
and Quality Control . .. - . e
L. Q, ¥ e lack of detection of misidentified records, for example misidentified
Limitations .

species

e lack of mechanisms to check for equipment malfunctions or data

transmission issues

2 Capacity, Training, e Llack of or limitations in funding and resources

and Resourcing Gaps
g ap e Lack of proper training for citizen science data collection projects, including

to mitigate observer biases
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E.3. Requirements for temporal data

Three gaps were identified, described in the following subsections, which consist of gaps in: forecast or
projection data; real-time or near real-time data; and historical data over long periods (Figure E.3.1).

M Gap in real-time or near
real-time data

M Gap in historical data
over long periods

 Gap in forecast or
projection data

Figure E.3.1. Gaps potentially hindering the inclusion of temporal data.

Forecast or projection data (37%)

“Limited availability, reliability, and granularity of forecasting and projection tools to support anticipatory
planning under future climate, environmental, and policy scenarios. It includes a lack of advanced or dynamic
forecasting models, limited representation of extreme events and uncertainties, poor alignment with local
conditions, insufficient updates or scenario diversity, and challenges in simulating rapid or complex system
changes—reducing the effectiveness of tools in adaptive and forward-looking decision-making.”

Two identified sub-gaps were found to underpin this gap, as illustrated in Figure E.3.2:

B Gap in availability of
forecast data

M Gap in the dynamic
relevance and
responsiveness of climate-
influenced models

Figure E.3.2. Identified sub-gaps underpinning ‘gaps in forecast or projection data’.

Each of them is briefly described next, with associated issues, potential impacts and interests for
stakeholders.
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Availability of forecast data:

“Limited spatial, temporal, and thematic coverage of forecast data needed for anticipatory planning. It
includes a lack of advanced forecasting tools, insufficient scenario diversity, limited representation of extreme
events, coarse temporal resolution, and inadequate integration of predictive analytics for emerging
environmental and socio-economic trends—constraining the ability of users to plan for future risks, adapt to
climate variability, and explore alternative policy or investment pathways.”

Table E.3.1. Categories for ‘gap in availability of forecast data’ and included themes.

Categories

1. Limited Forecast
Data and Coverage

2 Lack of Advanced
Forecasting
Capabilities

3. Gaps in Extreme
Event and Emerging
Issue Representation

4. Limitations in
Scenario Range and
Resolution

5. Lack of Advanced
Predictive Modelling
Tools

Included themes

Limited forecast data could be available for selected sites

Limitations of some temporal resolution (e.g., daily/monthly) to capture
high-frequency climate risks like sub-daily extreme precipitation

Lack of advanced forecasting tools that could help users anticipate future
water availability based on climatic conditions

Lack of advanced forecasting capabilities for future water availability under
different climate and policy scenarios, including for inputs or coupling with
modelling tools able to provide seasonal and long-term projections

Lack of temporal forecasting or adaptive planning features such as support
for drought scenario planning or infrastructure resilience analysis

Limitations in representing and predicting extreme weather events such as
droughts, heatwaves and floods

Lack of sufficient data on emerging environmental issues, such as detailed
climate change projections, carbon emissions, or ecological footprints
across various sectors

Limited range of emission scenarios that may limit insights into policy-
driven mitigation scenarios and limitations in the availability of diverse
scenarios, particularly for informing adaptative planning

Limitations in global emission scenarios to capture high impact, low
probability events (weak signals, surprises) due to model resolution
limitations

Lack of incorporation of predictive models or forecasting tools for getting
some insights on future trends in energy supply, demand, or prices

Lack of advanced predictive analytics or scenario modeling (such as
integrating climate change impact projections or detailed statistical
forecasting models).
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Dynamic relevance and responsiveness of climate-influenced models:

“Limitations of models to remain responsive to rapidly evolving climate signals, local drivers, and real-world
dynamics. It includes the absence of real-time updating mechanisms, static or mismatched assumptions (e.g.,
RCPs/SSPs not aligned with local conditions), and limited inclusion of uncertainty and extreme events. These
shortcomings reduce model credibility, accuracy, and relevance for planning under deep uncertainty,
particularly in contexts requiring adaptive, regionally grounded, and forward-looking decision support.”

Table E.3.2. Categories for ‘gap in the dynamic relevance and responsiveness of climate-influenced models’

and included themes.

Categories

1. Uncertainty in
Climate Forecasts
and Model Outputs

2 Llack of Dynamic
and Real-Time
Updating Capabilities

3 Misalignment with
Real-World and Local
Dynamics

4 Limitations in
Modelling Rapid or
Extreme
Environmental
Changes

Included themes

Lack of or limited forecast reliability due to some datasets, like climate
scenarios, being dependent on global drivers with inherent uncertainties
(e.g., ENSO, Indian Ocean Dipole), with variable influence and predictability

Uncertainty in climate predictions due to the rapid pace of changes,
potentially reducing the relevance of datasets for planning

Lack of explicit inclusion of uncertainty in model predictions regarding the
range of possible outcomes and associated risks

Lack of updates or verification of data inputs or gaps in data coverage for
specific regions or sectors, which can affect model reliability, especially for
data-driven models

Lack of dynamic updating mechanisms to account for real-time emission
tracking and scenario adjustments

Lack of dynamic assumptions for RCPs and SSPs, which are based on global
socioeconomic narratives and may not align with regional realities such as
land use or energy transitions

Lack of consideration of local-scale drivers in global scenario development

Lack of proper alignment with real-world conditions, including incorrect
assumptions about elasticities, household preferences, and sectoral
behaviors, impacting model calibration and prediction

Lack of consideration of short-term dynamics or seasonal variations in
ecosystem dynamics due to steady-state assumptions

Lack of more advanced capabilities to simulate climate extremes such as
extreme droughts, floods, or heat waves

Limitations in simulating scenarios involving rapid environmental changes
or dynamic interactions (e.g., landslides, rapid dam breaches)
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Real-time or near-real time data (36%)

“Limited integration and accessibility of real-time or near real-time data essential for responsive water
management (e.g. water markets), environmental monitoring, and emergency planning. It includes the lack
of live feeds, delays in updates, and barriers such as cost or licensing. Additional challenges include
inconsistent data harvesting due to equipment or transmission failures, lack of dynamic time series features,
and absence of tools to reflect evolving terrain, infrastructure, or water market conditions. These limitations
hinder timely, informed decision-making and reduce system responsiveness to sudden or evolving

environmental changes.”

Table E.3.3. Categories for ‘gap in real-time or near-real time data’ and included themes.

Categories

1. Limited Availability
and Access to Real-
Time or Near Real-
Time Data

2 Gaps in
Representation  of
Dynamic or Evolving
Features

Included themes

Limited availability of real-time or near real-time data feeds for timely
water management, environmental monitoring, and emergency response

Limited availability of real-time data (e.g., hydrological data), affecting
users' ability to make informed water usage decisions

Lack of direct links with real-time water market/trading platforms,
allocation announcements, or entitlement updates based on hydrological
conditions

Limited or delayed access to real-time changes due to licensing, costs, or
access barriers for smaller organisations, researchers, or community
groups

Inconsistent real data harvesting caused by equipment malfunctions or
transmission issues

Inconsistent real-time data update cycles

Lack of inclusion of dynamic, evolving features like timeseries within tools

Lack of dynamic features to reflect real-time changes in water levels, land
use, or infrastructure developments

Lack of ability for tools to represent real-time system conditions such as
capacity, reserve margins, or backup generation availability

Lack of the most up-to-date terrain information, especially in rapidly
changing environments like coastal or urban areas
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Historical data over long periods (27%)

“Absence or limited availability of historical datasets covering extended timeframes, crucial for understanding
long-term trends and making informed decisions. Issues include incomplete digitization of older records, lack
of continuous environmental data monitoring (e.g., vegetation health, water quality), and missing or sporadic
historical datasets that hinder comprehensive analysis. Additionally, irregular updates and gaps in timeseries
create challenges for tracking evolving patterns and outcomes. Static approaches to modelling, analysing
impacts at a single point in time, exacerbate this issue, further limiting long-term insights. Furthermore, the
lack of longitudinal data for First Nations' representation in critical areas restricts comprehensive historical

analysis”.

Table E.3.4. Categories for ‘gap in historical data over long periods’ and included themes.

Categories

1. Lack of Availability
of Historical Data

2 Limitations in Long-
Term Monitoring and
Dynamic Updates

3 Gaps in Temporal
Resolution and
Longitudinal Data for
Critical
Representation

4 Limitations in
Capturing Dynamic
Processes

Included themes

Lack or limited availability of historical data over long periods

Incomplete digitalisation of older land records, limited accessibility to
scanned historical maps, and absence of seamless timeseries tracking (e.g.,
how a property has evolved over decades)

Missing or sporadically available historical datasets

Lack of regular intervals or regular updates, with reliance on snapshot-
based considerations

Lack of datasets with continuous monitoring or dynamic updates for
environmental indicators (e.g., vegetation health, water quality)

Lack of complete timeseries due to irregular updates or short-term
coverage

Lack of fine-grained temporal resolution due to data aggregation

Lack of longitudinal data to track changes and outcomes over time,
especially for First Nations’ representation of critical data

Lack of capture of dynamic processes due to static approaches in
modelling, for example analysing economic impacts at a single point in
time, assuming long-term equilibrium
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E.4. Requirements to access data

We identified four gaps, described in the following subsections, which consist of gaps in: open data access;
technology; acceptance of external data; data preservation and versioning (Figure E.4.1).

B Gap in data preservation and
versioning

1 Gap in open data access

M Gap in acceptance of external
data

B Gaps in technology

Figure E.4.1. Gaps potentially hindering the access of datasets.

Open data access (38%)

“This gap refers to limitations and inequities in the availability, accessibility, and usability of data due to legal,
technical, cultural, infrastructural, and ethical barriers. These include licensing restrictions, limited digital
infrastructure, lack of digital literacy, inadequate protection of sensitive or Indigenous data, and the absence
of mechanisms to ensure equitable, secure, and culturally appropriate data sharing. “

Table E.4.1. Categories for ‘gap in open data access’ and included themes.

Categories Included themes
1. Access and e Limited access to datasets due to restricted areas and some datasets with
Licensing Restrictions licensing restrictions. It includes restrictions to access specific knowledge

like First Nations.

e Lack of access to high-value datasets that remain commercialised like title
information and valuation data

e Lack of access due to licensing restrictions

e lack of access to cadastral information not classified as open data and
access require direct requests to Land Services SA, with some data that
may incur changes

e Lack of open data access for third-party analysis or integration with other
tools
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2 Equity and
Inclusion in Data
Access

3 Indigenous Data
Sovereignty and
Cultural Sensitivity

4 Data Integrity and
Availability

5 Security, Privacy,
and Risk
Management

Lack of equity in accessing information for some groups, due to the need
to provide digital ID, which may limit access to some stakeholder groups
like First Nations, that may not have official documents or access to digital
infrastructures

Lack of equity in accessing data for remote communities, not well-serviced
with broadband or energy networks or up-to-date digital devices for
running some applications

Gap in digital literacy and data access, especially for marginalised
communities or individuals

Limited or lack of mechanisms for robust data protection and handling
sensitive information, especially for Indigenous land and cultural data

Limited mechanisms to address ethical challenges and questions consent,
benefit-sharing, and cultural sensitivity, particularly when it comes to
sensitive cultural or genealogical data (for First Nations)

Lack of trust of external entities by some Indigenous communities and fear
that their data may be used against them or not in their best interests

Lack of legal recognition of Indigenous data sovereignty or consistent
enforcement, leadings to gaps in data protection, ownership and access
rights

Corruption or lack of validity of links to data sources

Lack of accessibility for all dataset APls, especially to machine-readable
APIs

Lack of full disclosure of more granular data due to privacy concerns or
legislative restrictions

Lack of balanced security measures

Lack of access to sensitive information about energy usage, pricing, or grid
operations might require secure access or anonymisation

Gaps in security could risk exposure to cyber threats or unauthorised data
access
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Technology (29%)

“This gap refers to the limitations in digital tools, platforms, and infrastructure that hinder equitable,
effective, and flexible access to and use of data. These include compatibility issues, reliance on specific
technologies, poor system performance, limited mobile or assistive capabilities, and challenges in adapting
to rapidly evolving technologies or handling complex, computationally intensive systems. “

Table E.4.2. Categories for ‘gap in technology’ and included themes.

Categories

1. Device and
Platform

Compatibility
2 System
Performance and

Technical Limitations

3 Accessibility and
Assistive
Technologies

4 Technological
Change and Digital
Access

Included themes

Lack of compatibility with some browsers that may lead to functional issues

Dependency on some technologies (e.g., Microsoft technologies) to access
data

Lack or limitations to use with mobile or tablet devices

Limited dedicated mobile applications may reduce access and engagement
with a tool, as some users may prefer managing accounts, for example,
using their mobile devices

Lack of mobile optimisation of offline access in some environments

Limited system performance affecting interactions
Lack of specific plug-ins to access some features

Lack of mechanisms to handle computationally intensive data, that can
lead to performance issues, like slow processing times or software crashes

Lack of mechanisms to deal with more complex systems, such as
agroforestry, integrated crop-livestock systems, or multi-species systems
with complex interactions between species and ecosystems

Lack of or limited assistive technologies for users with specific needs

Lack of mechanisms for flexible access to data with rapid changes in
technology

Lack of ability to keep up with rapid changes in technology

Limitations to access digital infrastructures or have online access
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Acceptance of external data (21%)

“This gap refers to the structural, institutional, and cultural barriers that limit the inclusion, recognition, or
integration of data from external sources. These include restrictions based on affiliation, governance
mandates, or funding biases; underrepresentation of local, citizen-generated, or Indigenous knowledge;
insufficient support for inclusive engagement; and a lack of mechanisms to align diverse data governance
approaches, especially those grounded in ethical, cultural, or sovereignty-based principles. “

Table E.4.3. Categories for ‘gap in acceptance of external data’ and included themes.

Categories Included themes

1. Data Contribution °
and Inclusion

2 Data Governance, °
Equity, and Integrity

3 Indigenous and .
Traditional
Knowledge Systems

Limited or lack of capacity for external organisations or individuals to
deposit their data on some repositories, unless they are partners with the
repository provider or align with the provider's mandate

Lack of acceptance by a portal of data requiring usage limitations or
governed by external organisations

Lack of or limited inclusion of local data providers like citizen science data
or participatory spatial data

Lack of enough funding or resourcing to include on an ongoing basis citizen
science projects

Lack of including additional data sources that could enhance the
comprehensiveness of the resilience indicators

Lack of mechanisms to prevent vested interests, corruption or mitigate
data governance issues. For example, membership conditions can be
hindered by:

o lack of transparency on research funding,

o absence of appropriate guidelines and protocols for private sector
funding, where privately funded projects informed government
decisions, and

o the steering committees established by some data providers were
not accessible without significant financial resources, hijacking the
provision of assistance to contribute to data in favour of business
interests

Gap in integrating traditional Indigenous ecological knowledge, which is
rich in local biodiversity understanding

Lack of alighment between government policies and Indigenous data
sovereignty frameworks, making it difficult to implement Indigenous-led
data governance at a systemic level
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and
Data

4 Ethical
Sensitive
Considerations

5 Stakeholder
Engagement and
Representation

Lack of disclosure of information on sensitive species for ethical concerns,
particularly threatened or endangered ones, that may be vulnerable to
poaching or habitat destruction if precise locations are shared publicly

Limited engagement of stakeholders in data updates

Lack of representation of datasets from certain specialized sectors, such as
social sciences, small-scale industry, or cultural heritage (For example,
comprehensive data on specific cultural demographics, Indigenous rights,
or some emerging technological sectors may be missing or less developed)

Lack of inclusion of certain populations due to technological exclusion,
such as older adults, rural communities, areas with low digital literacy, with
no access to a smartphone or camera and internet access

Data preservation and versioning (12%)

“This gap refers to the lack of consistent practices and systems to ensure the long-term storage, traceability,

and transparency of datasets and their iterations.

This includes limited version control, unclear

documentation of data transformations, and insufficient mechanisms to track changes across tools, users, or
jurisdictions—hindering reproducibility, accountability, and trust in data use over time. “

Table E.4.4. Categories for ‘gap in data preservation and versioning’ and included themes.

Categories

1. Data Preservation
and Longevity

2 Versioning and

Traceability

3 Documentation and
Provenance

Included themes

Limited mechanisms to ensure long-term preservation and clear versioning
of datasets

Lack of transparency of links between versions due to changes in a data
source's roles and responsibilities and transitions to a new version of a tool

Lack of clear version history on data cleaned or transformed

Lack of built-in version control or model provenance system and lack of
consistent documentation practices across users and jurisdictions
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E.5. Requirements for data quality

Three gaps, described in the following subsections, consist of: completeness and submission timeliness;

mechanisms for data quality assurance; and consistent performance metrics (Figure E.5.1).

M Gap in mechanisms for data
quality assurance

B Gap in consistent
performance metrics

M Gap in completeness and
submission timeliness

Figure E.5.1. Gaps potentially hindering data quality.
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Completeness and submission timeliness (56%)

“This gap refers to the inconsistencies, delays, and omissions in data collection, updating, and reporting that
reduce the relevance, accuracy, and representativeness of datasets. These gaps stem from manual processes,
unclear custodianship, limited coverage, outdated information, and underrepresentation of certain regions,
sectors, or communities—hindering timely decision-making, trend analysis, and equitable data use. “

Table E.5.1. Categories for ‘gap in completeness and submission timeliness’ and included themes.

Categories Included themes
1. Timeliness and e Lack of dataset reflection of the most current conditions, due to delays in
Update Frequency real-time reporting and updates or manual data entry

e Lack of frequent updates and notifications that could limit the relevance of
data for real-time and near-real time decision making and reduce user
engagement and satisfaction

e lack of frequent updates for some layers like land use and biodiversity
data, with delays in reflecting recent changes in land use, zoning or
infrastructure and limited version history or time-series data, making it
hard the evaluate changes over time

e Delayed updates, especially for citizen science projects where data
validation and processing can take time

e Lack of capture of the full nuance of rapidly changing local or regional
policy updates, especially if such changes emerge between scheduled data
updates

e Delays or inconsistencies in the submission of data by information sources,
such as local councils, leading in gaps and affecting the accuracy of the
reported data

2 Automation and Lack of automation of data entry and curation, such as for biodiversity
Technological datasets

Integration . . . . .
e Lack of inclusion of new data collection sources, like real time sensor

networks, crowdsourced data or Al-enhanced spatial analysis, that could
ease data timely collection and updates, due to the slow adoption of new
technologies
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3 Geographical and
Sectoral Coverage

4 Data Governance
and Custodianship

5 Data Quality,
Consistency, and
Transparency

6 Data for Modelling
and Analysis

Lack of coverage of some geographical areas, especially regional or remote
locations

Lack of data availability for ecosystem services at large scales or not
available or of sufficient quality for every location

Lack of availability or robustness compared to more established sectors of
data on newer or rapidly changing industries like emerging industries,
technology, and innovation

Lack or limited representation in official data collections of some areas of
Australian society, especially marginalized or hard-to-reach populations
(such as those in remote or Indigenous communities)

Lack of clear data custodianship responsibilities, leading to data
governance and maintenance issues and ultimately delays in updates or
difficulties in obtaining corrections

Unclear data custodianship for some data layers (who owns or updates
them) as well as incomplete or outdated metadata, especially in identifying
methodology, currency and data sources

Limited ownership and control over data, especially for Indigenous data
custodianship and governance

Lack of dataset’s explicit temporal context, making it challenging to assess
their relevance to current environmental conditions or trends

Lack of consistency in data quality from diverse sources such as museum
collections, field observations, and citizen science contributions. This
means there can be inconsistencies in data accuracy, with some records
being more reliable than others

Lack of mechanisms to mitigate data collection biases, with more data on
easily accessible areas, more well-known species, or certain seasons of the
year

Missing values, inconsistent formats or outdated classifications

Incomplete or inconsistent data entry as not all transactions or agreements
are equally well documented or up to date in a public register

Gaps in access to databases to populate datasets or reporting biases

Lack of transparency on non-disclosed trade motivations, opaque pricing
in some trades or delays in reporting, that may undermine trust

Absence of detailed field data or lack of region-specific calibration
datasets, making model calibration difficult

Lack of specific data for pre-processing for model inputs. For example,
preparing high-quality, accurate data for model input can be challenging,
especially in regions where such data is sparse or outdated
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Mechanisms for data quality assurance (35%)

“This gap refers to the absence or inconsistency of standards, processes, and governance structures needed
to validate, harmonize, and maintain the integrity of data across sources. This includes limited
standardization, inadequate cross-agency collaboration, insufficient validation (e.g., ground-truthing), and
challenges in managing diverse methodologies or integrating community and Indigenous data—ultimately
undermining data reliability, comparability, and interoperability. “

Table E.5.2. Categories for ‘gap in mechanisms for data quality assurance’ and included themes.

Categories

1. Lack of
Standardisation and
Consistency

2 Validation, Ground
Truthing, and
Calibration

3 Governance and
Collaboration Gaps

Included themes

Lack of standardised data validation and quality assurance processes

Lack of consistent data collection and reporting standards among
organisations, that may challenge the comparability of results across
different regions

Lack of standardisation across agencies as different government agencies
may use different data collection and reporting methodologies

Lack of standards for how data is collected, stored, and reported, including
alignment with national data standards to enhance data interoperability
and reporting formats

Lack of data consistency due to National datasets (e.g., from Geoscience
Australia) that often switch together inputs from different sources (SRTM,
LiDAR, photogrammetry) which can cause edge artifacts and inconsistent
smoothing across jurisdictional boundaries

Limited ground truthing and validation that can lead to discrepancies
between mapped and observed systems

Absence of hydrological enforcements like additional conditioning, which
absence may affect flow modelling (hydrological models) accuracy

Lack of available mechanisms to deal with data-intensive calibration
Lack of data quality mechanisms to ensure consistency in observations

Lack of mechanisms to ensure confidence in the use of community-
generated data due to concerns about validation, coverage, or bias

Lack of cross-agency collaboration to create more unified datasets

Underdeveloped or inconsistent governance structures for data across
Indigenous communities
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Consistent performance metrics (9%)

“This gap refers to the lack of clearly defined, context-sensitive, and comprehensive indicators or thresholds
for assessing system performance, resilience, or risk. This includes inadequate reflection of planning
complexities, modelling uncertainties, or dynamic system changes (e.g., ecosystems or energy grids), which
can limit the accuracy, interpretability, and utility of insights generated for decision-making. “

Table E.5.3. Categories for ‘gap in consistent performance metrics’ and included themes.

Categories Included themes

1. Gaps in Capturing e Lack of full reflection for some metrics of the complexities of development
System Complexity assessments or other planning activities, which may impact the relevance
and Change of insights derived from a tool

e Uncertainty in classification in some ecosystems due to modelling
uncertainties and from changes in water system flow regimes (for
example), that may not be specifically included, making it harder to assess
vulnerability or risk under different scenarios

2 Gaps in Information e Lack of information about grid stability or potential risk areas (e.g.,
or Indicator frequency control, voltage levels, etc.)

Specification
P e Lack of clearly defined thresholds for indicators for interpreting changes in

resilience
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