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Abstract
Environmental managers, researchers and governments require access to vegetation data that 
are collected over long timescales to enable evidence-based policy decisions, planning, manage
ment and research. While computing power and ability to store data in online cloud-based 
platforms have only increased in recent decades, not enough data that are already collected 
are easy to access or subsequently made available within nationally funded data repositories, 
despite many data collection projects being publicly funded. To determine the current state of 
vegetation data in Queensland, Australia, we conducted a series of six online workshops and 
two supplementary polls with 18 expert panellists, whose expertise spanned Queensland local 
and state governments, national research infrastructure, academia, research students, private 
consulting and regional natural resource management groups. Our findings confirm that there 
is still a large proportion of data that remains unavailable for reuse once a research project 
has been completed, or a consultancy finalised, leaving a vast untapped resource that lingers 
in personal hard drives or local data storage systems following project completion. Further to 
this, our panel of experts indicated that major gaps exist in the vegetation data, and they need 
to ensure the decisions and research conclusions they make are informed by the latest data 
and resultant modelling. We conclude that as many of the projects that collect data are funded 
using government grants, and thus taxpayers’ money, more needs to be done to ensure data 
are returned to a nationally funded and publicly accessible repository, such as the Terrestrial 
Ecosystem Research Network (TERN). Measures such as incentivisation, cultural change and 
regulatory mandates around data sharing would go some way towards reducing the likelihood 
of duplication in relation to project funding, data collection effort and curation, while simul-
taneously providing the best information to support research, environmental policy, regulation 
and decision making.
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Introduction
Environmental managers have long needed better 
access to data that have already been collected 
in a standardised manner over long timescales, 
to allow effective evidence-based environmental 

management policy and decision making to be 
made (Burns, 2014; Evans et al., 2015, 2016; 
Lindenmayer et al., 2022). While researchers also 
note that not having access to sufficient data col-
lected using standardised methods or protocols 
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inclusive of FAIR/CARE principles (Jennings et 
al., 2023; Wilkinson et al., 2016) is limiting the 
generation of new ethically collected scientific 
knowledge (Crystal-Ornelas et al., 2022). In the 
face of a changing climate and increasing fre-
quency and impact of natural disasters, the need for 
reform in this aspect of environmental management 
has never been more urgent (Samuel, 2020). These 
sentiments are reflected in the findings of the 2020 
independent review of Australia’s Environmental 
Protection and Biodiversity Conservation Act 
(hereafter, the Act) (Samuel, 2020). Findings of this 
review indicated that antiquated legislative instru-
ments such as the Act and the lack of adequate 
data governance for projects administered by the 
Act are failing to adequately manage and protect 
Australia’s precious natural capital (Samuel, 2020). 

There are several key issues that limit adequate 
data collection and sharing, which are compounded 
by a lack of interest in long-term, landscape-scale 
environmental monitoring projects, some of which 
include (Evans et al., 2015; Lindenmayer et al., 
2022; Samuel, 2020):

1.	 A national authority for data capture and 
storage does not currently exist for the Aus
tralian context.

2.	 Short-term funding cycles and a focus on 
funding ‘new discoveries’ rather than long-
term environmental monitoring.

3.	 Systematic monitoring is not currently con-
ducted over long enough scales of time or 
area to adequately detect changes in the 
environment.

4.	 Cumulative and synergistic threats of climate 
change are not adequately considered.

5.	 Current advances in modelling capability 
are not as well utilised for environmental 
monitoring or management (as they are for 
finance and health sectors of the Australian 
economy).

6.	 There is cultural resistance to sharing data 
back to environmental regulators.

The short-term nature of data collection projects 
is due, in part, to short-term grant funding cycles, 
which dictate project life cycles and make long-
term planning and data collection challenging 
(Lindenmayer et al., 2022; Samuel, 2020). This is 
further intensified by the fact that it is currently not 

required or mandated for data collectors, be they 
research, assessment or other programs, to collect 
data using standardised protocols or methodolo
gies which can be submitted to federal, state or 
territory authorities, allowing subsequent national 
integration (Samuel, 2020). The systemic issues 
within Australia’s environmental data collection 
systems and subsequent management are echoed at 
both the national and state levels, which leads to 
a situation where proponents collect and recollect 
data of the same nature, sometimes to answer simi-
lar questions or determine similar environmental 
management solutions (Samuel, 2020). This situa-
tion naturally leads to duplication of effort and lost 
revenue not only from funding bodies, but to those 
collecting the data in the first place across all sec-
tors (Samuel, 2020). This duplication exacerbates 
existing knowledge gaps where, for example, it 
is estimated that three-quarters of threatened eco-
logical communities and one-quarter of threatened 
vertebrate fauna are not currently monitored at all 
(Samuel, 2020). 

In the Australian state of Queensland, the Depart
ment of Environment, Tourism, Science and Innova-
tion (DETSI) has largely held the mandate of policy 
development and environmental management of the 
state’s natural assets and subsequently storing the 
data collected for the purposes of these projects. In 
Queensland, DETSI has demonstrated a clear policy 
and operational focus on high-quality vegetation data 
through long-term monitoring and assessment ini-
tiatives. The Statewide Landcover and Trees Study 
(SLATS) provides systematic, high-resolution track-
ing of vegetation extent and change, while the 2023 
Native Vegetation Scientific Expert Panel, commis-
sioned in response to SLATS data, highlighted the 
need for improved data availability, reporting and 
integrated understanding of vegetation condition to 
inform management and policy (DETSI, 2023). 

This paper describes the current knowledge and 
data gaps that exist in relation to vegetation data that 
are collected and have the potential to be stored in 
ways that enable access, thereby maximising their 
use in environmental management and research con
texts within the state of Queensland. The aims of this 
paper were to:

(a)	 identify vegetation data sources currently 
not widely available or accessible which are 
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suitable for ingestion within the TERN Data 
Discovery Portal (TDDP);

(b)	 determine research and environmental man-
agement questions that need to be answered 
using these data, thereby targeting data that 
are most needed;

(c)	 identify gaps in data that can potentially be 
plugged via this work, to assist with priori
tising data ingestion; and

(d)	 identify roadblocks and hurdles to data shar-
ing and understanding how FAIR data can 
be achieved (i.e. why haven’t we achieved 
this already?).

This study examined the complex interplay of fac-
tors contributing to the current state of vegetation 
data in Queensland. 

Materials and Methods
Study Design
This study analysed qualitative and semi-quan-
titative data gathered during six online synthesis 
workshops and associated pre- and post-polling to 
examine stakeholder perspectives on Queensland 
vegetation data barriers and opportunities. Our 
research integrated results from qualitative work-
shop data and polling responses to triangulate 
findings across individual assessment, group dis-
cussion and reflective evaluation phases.

Stakeholder Engagement and Participation
Initial consultation meetings with DETSI employees 
and TERN representatives identified 48 potential 
stakeholders across diverse vegetation data user sec-
tors. These included Queensland state government, 
Queensland local government, national research 
infrastructure (NRI), Commonwealth Scientific and 
Industrial Research Organisation (CSIRO), acade
mia, student researcher (higher degree by research 
students), private consulting, and regional natural 
resource management (NRM) groups. Of 48 initial 
invitations, 18 participants were able to attend the 
workshop series, representing comprehensive sector 
coverage (Table 1). Several participants spanned sec-
tor boundaries, such as those with both academic and 
private consulting roles, ensuring comprehensive 
coverage of vegetation data management perspec-
tives across operational, research and coordination 
domains. For analytical purposes, participants were 

categorised by their primary sector affiliation, with 
dual-role participants classified according to their 
dominant professional capacity.

Table 1. Expert panel participant sector breakdown 
for the 2022 TERN vegetation data synthesis 
challenge.

Expert panel sector Count Percentage

NRM group 4 22%

Queensland state government 4 22%

Student researcher 3 17%

National research 
infrastructure (including 
CSIRO)

3 17%

Academic 2 11%

Private consultancy 1   6%

Queensland local government 1   6%

Workshop Structure
All sessions followed a standardised ‘brown-bag 
lunch’ format to accommodate participant sched-
ules across sectors. Sessions were conducted via 
Zoom video conference, with recordings obtained 
for analysis purposes. Workshop facilitation was pro-
vided by TERN vegetation data specialists to ensure 
technical accuracy while maintaining participant-led 
discussion focus.

Phase 1: Pre-workshop Assessment (Pre-poll)
A structured questionnaire was administered to 
all participants prior to workshop engagement to 
establish baseline perspectives on data sources, 
gaps, barriers and priorities. The pre-poll cap-
tured 11 out of 18 individual assessments without 
group influence, enabling comparison with post-
workshop collective insights (Appendix 1: Pre-poll 
Questions).

Phase 2: Workshop Series
Six one-hour online workshops were conducted 
across two thematic series of ‘a’ and ‘b’. Three par-
allel a-series workshops (a1, a2 and a3) tended to 
focus on problem identification including data gap 
identification and barrier analysis. The discussion 
prompts shown at the beginning of all phases of the 
workshops were as follows:
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1.	 Data gaps that exist in relation to vegetation 
data; that is, which environmental manage-
ment questions or research questions are we 
lacking sufficient data to answer?

2.	 Known large vegetation datasets that are not 
open source.

Following phase a, phase b-series workshops (b1, 
b2 and b3) were held focusing on solution co-
development, such as existing large datasets or 
sources that TERN could ingest within the TDDP, 
and elaboration of research and environmental man-
agement questions we should aim to answer using 
data sources. The discussion prompts shown at the 
beginning of phase b workshops were as follows:

1.	 Determine vegetation data sources that can 
be ingested within TERN’s TDDP.

2.	 Determine gaps in data that we can plug 
through this project.

3.	 Determine research and environmental man-
agement questions.

Phase 3: Post-workshop Evaluation (Post-poll)
A reflective questionnaire was administered fol-
lowing workshop completion to capture implemen-
tation insights, solution refinements, and individual 
perspectives on collective findings (Appendix 2: 
Post-poll Questions). Four participants completed 
the post-poll evaluation, despite incentivisation, 
representing a limited response that nonetheless 
provided important depth of reflection on work-
shop outcomes and implementation considerations.

Data Analysis Framework
Systematic Qualitative Coding
Workshop transcripts and poll responses underwent 
systematic qualitative analysis using an emergent 
thematic framework approach (Braun & Clarke, 
2006; Lochmiller, 2021). The initial coding phase 
involved inductive theme development through 
open coding of workshop transcripts to identify 
emergent themes from direct quotes of anonymised 
participants (Lochmiller, 2021). The coded thematic 
framework was updated with new themes as work-
shops were progressively analysed and iterative 
inference was applied to codes and the development 
of sub-themes (Lester et al., 2020). 

The finalised framework was systematically ap-
plied to all quotes identified across the complete 

dataset. Each quote received sequential identification 
using a standardised quote ID system following the 
‘Workshop_QuoteNumber’ format. Where appro
priate, quotes received secondary theme assignments 
to capture multiple thematic dimensions (Lester et 
al., 2020). All coding was conducted using Microsoft 
Excel to maintain transparency and enable syste
matic review of thematic assignments. To ensure 
coding reliability, a subset of coded quotes was cross-
validated using Claude AI (Anthropic, 2025) and 
ChatGPT AI (OpenAI, 2024), which confirmed con-
sistency with the established thematic framework.

Problem–Solution Categorisation
To examine stakeholder discourse evolution, all 
identified quotes and their associated themes were 
classified into three categories: problem-focused, 
solution-focused and governance-focused. 

Problem-focused themes were identified by 
deficit-oriented semantic markers including ‘gaps’, 
‘inadequacy’, ‘barriers’, ‘obstacles’, ‘fragmenta-
tion’ and ‘constraints’, with conceptual focus on 
resource deficiencies and structural impediments, 
while solution-focused themes were identified by 
opportunity-oriented semantic markers including 
‘integration’, ‘potential’ and ‘assets’. Governance-
focused themes emerged as a distinct category 
encompassing both problem and solution elements, 
characterised by institutional and regulatory mecha
nisms. These themes were identified by semantic 
markers including ‘incentive’, ‘gatekeeping’ and 
‘standardisation’. The governance category pro-
vided insights into stakeholder discussions about 
regulatory compliance requirements, institutional 
control mechanisms, incentive structures for data 
sharing, and the tensions between standardisation 
needs and methodological flexibility. 

Data Analysis
All data were analysed using Microsoft Excel, 
where quotations were iteratively captured through 
anonymised transcript analysis. Visualisations and 
further analyses were completed using Microsoft 
Excel and RStudio version 2023.12.0.

Results
Prior to workshop engagement, 11 of the 18 expert 
panel panellists completed a baseline assessment 
pre-poll which examined individualised vegetation 
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data practices, sources and requirements (Appen
dix 1). Panellist responses indicated minimal use 
of existing TERN infrastructure, with only one of 
18 panellists reporting use of the TDDP. In contrast, 
panellists demonstrated high reliance on alternative 
data sources, particularly Queensland Herbarium 
regional ecosystem mapping (9/18 panellists) and 
the NRI project, Atlas of Living Australia (ALA) 
(7/18 panellists) (Figure 1).

Data Collection Methodology Diversity
Beyond data source usage preferences, the pre-poll 
also revealed significant variation in data collection 
approaches across the expert panel. Approximately 
half of the expert panellists (50%) indicated they 
did not use standardised protocols when collecting 
vegetation data, while the remainder reported using 
methodologies that were standard only to them. 

This split likely reflects the breakdown of the panel, 
which was divided between panellists focused on 
research (academic and higher-degree research 
students) versus those who work in government, 
industry and NRI. 

Data Storage and Management Practices
Assessment of panellists’ data storage practices 
revealed significant diversity with limited adher-
ence to metadata generation, cloud-based storage, 
or open-access repositories (Table 2). Panellists 
reported storage methods ranging from personal 
electronic storage through to organisational data 
management systems and open-access websites. 
This fragmented approach to data management 
was further highlighted in workshop discussions 
regarding technical integration barriers and institu-
tional coordination challenges.

FIGURE 1. Workshop pre-poll results (Question 1) have been conflated to patterns of usage. This usage of 
Question 1 data suggests low use of the TDDP, with moderate use of Queensland Herbarium records, and high use 
of the Queensland Herbarium’s regional ecosystem mapping and data from ALA. This representation of the data 
guided subsequent workshop questions.



Eleanor Velasquez, Teresa Eyre, Elisa Girola and Beryl Morris22

Table 2. Expert panel data storage practices highlight 
dispersed data storage methods.

Data storage method Count Percentage 

Open-access online 
repositories

6 54.5%

Personal e-storage 6 54.5%

Organisational data 
management system

4 36.4%

Other 2 18.2%

In notebooks 1   9.1%

Metadata richness Count Percentage 

Data stored with generic 
metadata

2 18.2%

Data stored with detailed 
collection protocol 
information

2 18.2%

Data stored with spatial 
information

2 18.2%

Thematic Analysis of Polls and Workshops
A total of 272 quotes were identified and grouped 
into 31 primary themes generated by the emer-
gent thematic framework approach (Appendix 3). 
Theme grouping demonstrated clear progression 
from panellist problem recognition to collaborative 
solution development, including the development 
of governance opportunities, which included both 
problem identification and solution-focused themes 
(Figure 2 and Appendix 4).

Pre-poll responses highlighted individual per-
spectives (69% problem and 31% solution themes), 
while a-series workshops were predominantly prob-
lem focused (92% problem vs 5% solution themes), 
with the emergence of governance (3%); b-series 
workshops shifted to governance concerns and 
solution orientation (56% problem, 17% solution 
and 30% governance themes), with post-poll reflec
tions being a more balanced split between categ
ories (48% problem, 26% solution themes, 26% 
governance).

FIGURE 2. Workshop progression from problem identification to solution focus, with the emergence of the gover
nance theme. Percentages indicate quotes as a proportion of total quotes per workshop phase or poll phase.

4 (3%)
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FIGURE 3. Dominant thematic patterns identified across workshops. The top 15 themes by quote frequency com
prising 76% (206 quotes) of total coded thematic dataset (272 quotes).

Dominant Thematic Patterns
The most frequently identified themes centred on 
fundamental system-level challenges that aligned 
directly with pre-poll findings regarding low utili-
sation of public data repositories such as the TDDP 
and fragmented data practices (Figure 3). 

Three fundamental challenges dominated work-
shop discussions, accounting for nearly one-quarter 
of all coded quotes. Data fragmentation and dis-
coverability emerged as the primary concern (23 
quotes, 8%), with panellists consistently identifying 
that datasets exist but are not discoverable or acces-
sible. This finding directly validates the pre-poll 
evidence of minimal TERN platform usage despite 
extensive reliance on alternative data sources. 

Closely linked to discoverability issues, the 
theme of ‘existing data assets’ (22 quotes, 8%) 
focused on identifying datasets suitable for TERN 

ingestion. Institutional and technical barriers fol-
lowed, with ‘institutional control and gatekeep
ing’ and ‘regulatory compliance requirements’ 
each generating 16 quotes (6%), whilst ‘technical 
integration barriers’ and ‘data sharing obstacles’ 
each accounted for 15 quotes (6%). The theme of 
‘technical integration barriers’ reflected stakeholder 
recognition that “almost every dataset needs some 
form of [harmonising] into a metadata schema that 
can adequately describe it and make it searchable 
and discoverable”.

This finding validated pre-poll observations 
regarding diverse data storage practices, limited 
standardised metadata generation and diverse stan
dard vegetation data protocols utilised. Together, 
the top 15 themes accounted for 76% of all coded 
quotes, reflecting the primary concerns raised by 
panellists.
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Governance Framework Emergence
Governance and regulatory compliance requirements 
emerged predominantly during b-series workshops. 
This cluster–theme grouping included both problem-
linked and solution-oriented themes that indicated 
stakeholder progression from problem identification 
to solutions and governance framework develop-
ment (Figure 2 and Appendix 4). Participants rec-
ognised the need to have a regulatory framework 
that encourages data sharing, while acknowledging 
implementation challenges: “If regulation’s going to 
work in this space, it’s going to need to be quite pre-
scriptive … and that actually becomes a constraint 
for research flexibility.”

Participants proposed top-down solution ap
proaches to data sharing, suggesting: “I just wonder 
if it shouldn’t be something … akin to like our ethics 
procedures … data sharing shouldn’t be considered 
in a similar way.” Others recognised that existing 
data capture frameworks needed strengthening: 
“It’s not regulated and so often it just falls through 
the cracks.”

Despite identifying numerous barriers, stake-
holders increasingly recognised integration op
portunities and how these would enable better 
environmental management decision making; for 
example, “So if I can understand who else in South 
East Queensland has collected forest data, that tells 
me the DBH of trees, then I can link that to some of 
our mapping of forest structural condition.” 
Governance framework development represents a 
critical evolution in stakeholder thinking, moving 
beyond problem identification towards concrete 
policy and implementation solutions.

Standardisation–Flexibility Tensions
Standardisation versus flexibility (13 quotes, 5%) 
illuminated the need for different data collection 
protocols for different purposes. For example, aca-
demic experts highlighted the need for bespoke 
field data collection methods, while local and state 
governments, NRM groups and those represent-
ing NRI aligned more closely with the need for 
standardised data collection protocols to allow sub-
sequent data integration at the state and national 
level (sector-scale requirement differences theme, 
8 quotes, 3%). 

Temporal monitoring inadequacy (13 quotes, 
5%) revealed gaps in long-term data collection 

approaches, timing and scope. Stakeholders iden-
tified that “most surveys are undertaken during a 
small window”, creating survey bias, while spatial 
and temporal resolution gaps (4 quotes, 2%) re
inforced this point. For example, panellists empha
sised that “forest ecosystems … are long-term 
ecosystems and they’re affected by different types 
of disturbance over time. And if we had multiple … 
forms of measurement and response, we’d be able 
to understand how they respond.” This perspective 
underscored the critical importance of coordinated 
multi-temporal data collection that captures eco
system dynamics over long timescales.

Data Integration Potential Recognition
During b-series workshops, the expert panel in-
creasingly recognised integration opportunities. 
Participants noted that the potential to integrate 
existing datasets can be achieved if technical and 
institutional barriers can be overcome, with TERN 
providing the platform to make this a reality. For 
example, “commercial information that sits with 
consultants where they’ve done flora assessments 
… might include weed data as well, but we can’t 
get access to that easily”, with this undiscoverable 
data leaving significant knowledge gaps. 

Technical Solutions and Prioritisation 
Pathways
Post-poll data and b-series workshops generated 
comprehensive technical implementation strategies 
addressing the system-level barriers identified in 
both pre-poll assessment and a-series problem iden-
tification. Stakeholders identified specific proposals 
for smarter workflow automation to reduce data con-
tributor burden while maintaining quality standards. 
Data prioritisation frameworks emerged as critical 
strategic solutions, with stakeholders recognising 
the need to “focus on data that balances the impact 
that making the data available will have with ease 
of ingestion”. 

Cultural and Institutional Solutions
FAIR and CARE policy awareness campaigns and 
the need for cultural change had 47 (17%) relevant 
quotes from grouped themes emphasising issues that 
have led to low TERN utilisation as identified in pre-
poll assessment, with panellists recommending that 
“TERN should advertise more on the data portal and 
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repository in all universities, government and public 
libraries of interest”. This discussion also led to the 
idea that there should be mandated provisions within 
the Queensland Environmental Protection Regula­
tion 2019 that require open-access data sharing from 
environmental impact assessments.

Sector-specific Contributions and Consistency
Workshop participants revealed distinct sectoral per-
spectives on vegetation data challenges, reflecting 

their operational priorities and constraints. NRI 
participants (74 quotes, 27%) emphasised systemic 
barriers, particularly data integration potential and 
technical integration barriers, highlighting their 
role in coordinating large-scale data systems. In 
contrast, NRM groups (56 quotes, 21%) focused on 
practical implementation challenges, emphasising 
data sharing obstacles and standardisation tensions 
that affect day-to-day environmental management 
processes (Figure 4).

FIGURE 4. Quote frequency distribution across stakeholder groups and top 15 themes (refer to Appendix 3). 
Stakeholder groups: QSG (Queensland state government), QLG (Queensland local government), NRI (national 
research infrastructure), NRM (natural resource management groups), AS (academic sector), HDR (higher degree 
by research students), PC (private consultancy). Themes numbered 1–15 by total frequency across all groups 
(n = 272 quotes).
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Government stakeholders showed complemen
tary concerns: Queensland state government (49 
quotes, 18%) prioritised the need for better data 
to improve predictive modelling capabilities and 
temporal monitoring gaps essential for policy de
velopment, while local government (13 quotes, 
5%) concentrated on conservation prioritisation 
and invasive species monitoring highlighting 
immediate management needs requiring usable 
data. Academic and student researchers (combined 
72 quotes, 26%) consistently highlighted data 
fragmentation and discoverability issues, reflect-
ing their need to access diverse datasets for re-
search synthesis. Private consultancy participants 
(8 quotes, 3%) reinforced the conservation priori
tisation theme while uniquely highlighting pri-
vate sector data access challenges, reflecting their 

position bridging public environmental goals with 
commercial constraints.

Critical Vegetation Ecological Assessment 
Data Gaps
Critical vegetation data gaps that emerged from the 
workshop series were led by the combined themes of 
vegetation condition (tree height, age, DBH, and habi
tat attributes such as tree hollows) (14 quotes, 5%), 
‘invasives, pathogens & disturbance’ (13 quotes, 5%), 
‘conservation prioritisation data’ (10 quotes, 4%), 
and ecosystem-level analysis gaps (9 quotes, 3%) 
(Figure 5). It should be noted that the ‘temporal moni-
toring inadequacy’ theme (13 quotes, 5%) is included 
as it intersects with the vegetation data gap themes, 
highlighting the inadequacy of short-term monitoring 
leading to compounded data inadequacies. 

FIGURE 5. Critical vegetation data gaps identified by workshop participants. Eleven data gap themes ranked 
by quote frequency, with vegetation condition, temporal monitoring inadequacy and invasive species and weed 
monitoring ranking as the most frequently cited gaps (n = 83 quotes).
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Thematic emphasis for vegetation data gaps 
changed by sector and associated research or 
environmental management data requirements. 
For example, local government participants spe
cifically highlighted the need for ‘ground-truthed’ 
(validated) weed extent requirements. This would, 
for example, allow “lantana extent or all of 
the groundsel extent” to be quickly captured. 
The result would lead to remote monitoring 
and targeted weed management field activities, 
rather than inefficient repeated field assessments 
(Figure 6). NRI participants from CSIRO also 
touched on the theme of insufficient data on “the 
extent to which weeds have invaded different 

forest types across the state”, limiting “manage-
ment, research, policy development” capabilities, 
while Queensland state government participants 
highlighted the linked themes of predictive 
model training data and temporal monitoring in-
adequacy, alongside vegetation condition data 
limitations.

 Academic and student research panellists iden-
tified challenges monitoring pathogens like myrtle 
rust affecting Myrtaceous species, noting the rarity 
of adequate long-term monitoring data (‘temporal 
monitoring inadequacy’ theme) for novel environ-
mental threats and their interactions with climate 
variability.

FIGURE 6. Data gap themes by stakeholder group. Heatmap showing quote frequency distribution across 11 vege
tation data gap themes, with vegetation condition, temporal monitoring inadequacy and invasive species monitoring 
as the most frequently cited gaps across sectors (n = 83 quotes).
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Discussion
The data landscape in Queensland contains many 
challenges and opportunities around data genera-
tion, lodgement (submission to an appropriately 
accredited data repository) and sharing. Challenges 
that were identified in this study include disparate 
storage practices, varied data needs between dif-
ferent sectors (e.g. government versus research 
sectors) and the nuanced nature of the ques-
tions dictating those needs. These challenges are 
not unique and were identified at the Australian 
national level by Samuel (2020) in his review of 
the Act. Considering these challenges, opportuni-
ties exist to harness the full potential of vegetation 
data within the state of Queensland.

Data Accessibility, Lodgement and Sharing 
Hurdles
Analysis of the workshops highlighted problems 
around data access, fragmentation and sharing. 
An unknown proportion of vegetation data col-
lected by proponents is not stored in national or 
state data repositories, with many reporting the 
use of data being stored locally on hard drives, 
USBs or similar devices. This mirrors the find-
ings of Specht et al. (2015) that ecosystem science 
data is often dispersed, heterogeneous, and stored 
on individual devices. Although our Queensland 
study did not directly quantify differences between 
sectors, the issues of fragmented storage and low 
lodgement were echoed across all expert panel 
sectors. This aligns with global analyses such as 
Borycz et al. (2023), who found that willingness 
to share data increased significantly between 2011 
and 2020, with government researchers most will-
ing to share, academics moderately so, and the 
commercial sector least willing. However, across 
high-willingness regions such as Australia and New 
Zealand, satisfaction with available infrastructure 
lagged behind, as researchers often reported that 
once they attempted to use data sharing systems 
their satisfaction decreased due to the burden of 
the process (Borycz et al., 2023). Our findings 
suggest that Queensland exhibits a similar pattern, 
where willingness to share is evident, but the sup-
porting infrastructure, lodgement processes and 
incentives are insufficient, highlighting an oppor-
tunity to close the gap between culture and practice 
(DETSI, 2023).

Data Flow and Lodgement
The limited flow of data into government and NRI 
systems is a missed chance to fully utilise the poten-
tial value of collected vegetation data. For example, 
environmental management decisions may be made 
using insufficient data resources, which can inad-
vertently threaten species or ecological processes 
via the very activities intended to protect them. 
Vegetation data takes enormous amounts of time 
to collect and curate. As highlighted in the work-
shop discussions, valuable vegetation data currently 
being collected are not stored in systems that cap-
ture and store them for future applications. Nor do 
these data storage methods use suitable metadata 
standards which allow data to be more readily inter-
preted and reused in the future. In some cases, data 
may not be backed up or may become orphaned and 
inaccessible due to hardware failure or other tech-
nical issues. This creates a real risk of data loss or 
corruption, for instance if hardware fails.

Barriers to lodgement highlighted in the work-
shops included time, technical complexity, and lack 
of awareness of where to deposit data. Concerns 
about misuse of sensitive information (e.g. threat-
ened species, private landholder, or cultural heritage 
data), metadata gaps and inconsistent use of proto-
cols further reduce reusability and interoperability. 
Similar challenges have been noted elsewhere; 
for example, Borycz et al. (2023) reported that 
concerns over data sensitivity and inconsistent 
standards continue to impede sharing, while Specht 
et al. (2015) highlighted the absence of adequate 
metadata and ownership concerns as recurring 
impediments to data deposition in ecological syn-
thesis efforts. One example from the workshops 
was that proponents, often time-poor and unfunded 
for this task, disengage when data sharing systems 
are difficult to learn or unreliable. These findings 
mirror the global picture, where lack of recognition 
and reward for data submission were identified as 
major barriers to open data practice (Borycz et al., 
2023), and where inconsistent metadata, formats 
and documentation across monitoring programs 
create additional burdens for secondary users 
(Bayer et al., 2023; Crystal-Ornelas et al., 2022).

Data Generation and Quality
Compliance with standardised survey methods 
and standard protocols is voluntary for many 
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environmental management activities, and cer-
tainly for primary research, which results in varying 
levels of data quality, reuse and long-term utility, 
not to mention a sub-optimal return on invested 
resources. Inconsistencies in data quality can limit 
the usefulness of the data for specific purposes, 
reducing its value for use beyond immediate pro-
ject requirements (DETSI, 2023). 

To improve data quality and interoperability, the 
Australian Department of Climate Change, Energy, 
the Environment and Water (DCCEEW) partnered 
with TERN Australia to develop standardised pro-
tocols for systematic long-term environmental 
data collection and management, Ecological Moni
toring System Australia (EMSA) (Laws, 2023). 
This standardised approach is currently being pro
gressively implemented by DCCEEW throughout 
NRM groups in Australia, providing an important 
step forward to create data that are more interoper-
able and thus easier to combine with other existing 
data sources. Adoption of EMSA protocols more 
broadly across sectors or other assistance towards 
standardisation for data collectors (either through 
tooling or person effort) would increase interoper-
ability of data generated by different entities and 
maximise long-term utility. Standardisation assis-
tance could take the form of, for example, creating 
adequate descriptive metadata to describe bespoke 
data collection methods and presentation of data in 
a standard format.

Divergent Data Requirements Between Sectors
Our findings indicate that the types of vegetation 
data required differ significantly by sector, reflect-
ing the questions that need to be answered and the 
resulting decisions each must make. Government, 
NRI, NRM groups and private-sector users priori-
tise standardised data collected consistently across 
space and time to support policy, regulation, and 
management decisions. In contrast, academic re-
searchers often generate context-specific or bespoke 
data suited to fundamental or project-based research 
questions where long-term change is not a variable 
under investigation.

This divergence complicates efforts to aggregate 
datasets into centralised systems, as data collected 
for one purpose may not align with the needs of an-
other and metadata may be missing, ad hoc, or not 
comply with metadata standards, decreasing reuse 

of such data. While public-sector and industry 
stakeholders favour standardisation, researchers 
emphasise the need for methodological flexibility. 
Several researchers on the expert panel noted that 
strict adherence to standard protocols can limit the 
questions they are able to answer, leading them to 
use alternative approaches. Conversely, those in the 
public sector stressed the necessity of standardisa-
tion to ensure that data are comparable and usable 
for decision making. This divergence in Queensland 
echoes global sectoral patterns identified by Borycz 
et al. (2023), with government users more aligned 
with standardisation and academics more focused 
on methodological flexibility. Similarly, Bayer et 
al. (2023) found that without community standards, 
interoperability remains one of the hardest FAIR 
principles to achieve. These tensions likely reflect a 
broader challenge in ecology, which has tradition-
ally been an individualistic endeavour with slow 
adoption of common standards or sharing practices 
(Specht et al., 2015).

Bridging these differences remains a key chal-
lenge for vegetation data integration in Queens
land. One possible pathway is the development of 
abridged versions of the national EMSA standard 
protocols, which could be applied within research 
projects to allow reuse of a greater proportion of aca-
demic data while maintaining flexibility for specific 
research needs. 

Data Gaps
Across all workshops, panellists consistently high-
lighted vegetation condition data (tree height, age, 
DBH, and habitat attributes such as hollows), inva-
sive species and disturbance data, and temporal 
monitoring inadequacy as the most critical gaps 
limiting both research and management. 

While these gaps were shared across sectors, 
their emphasis varied depending on organisational 
needs. Local government participants stressed the 
importance of up-to-date, ground-truthed weed 
data to support remote monitoring products, en
abling targeted and cost-effective weed manage-
ment fieldwork. national research infrastructure 
participants focused on the lack of comprehensive 
state-wide data on the extent of weed invasions in 
different forest types. Queensland state govern-
ment representatives linked vegetation condition 
data to the need for improved predictive model 
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training sets and highlighted the critical gap in 
temporal monitoring to detect changes through 
time. At the same time, academic and student re-
searchers emphasised pathogen monitoring, espe-
cially in relation to emerging threats such as myrtle 
rust, and pointed to the rarity of datasets capturing 
novel environmental threats under conditions of 
climate variability. 

Taken together, these perspectives demonstrate 
that data gaps are sector specific, reflecting the 
management priorities of government and NRM 
groups versus the emerging research questions 
raised by academics. Bridging these gaps requires 
both more comprehensive long-term monitoring 
and mechanisms to integrate and reuse datasets 
across sectors. Equally important are improved 
systems for awareness, training and cultural 
change to ensure that existing and future data are 
FAIR (Wilkinson et al., 2016). These needs align 
directly with the solutions identified by partici-
pants, such as increasing the visibility of NRI like 
TERN, embedding FAIR and CARE principles 
into everyday practice, and exploring regulatory 
or incentive-based mechanisms to accelerate data 
sharing (GIDA, 2019; Jennings et al., 2023; 
Wilkinson et al., 2016).

Concluding Remarks
Solutions and Opportunities
A clear set of opportunities emerged from the 
workshop series, centred on building awareness 
via education and training, strengthening research 
infrastructure and its visibility, and embedding cul-
tural change to accelerate vegetation data sharing 
and reuse. The need to build awareness is echoed 
at the global level, where low awareness of reposi-
tories and insufficient training limit data reuse 
(Borycz et al., 2023), and where even long-term 
monitoring programs may struggle with discovera
bility until persistent identifiers and metadata stan
dards are adopted (Bayer et al., 2023).

To address these concerns, it is crucial for 
TERN to advertise and educate around its estab-
lished standardised protocols for data lodgement 
and storage, potentially paired with incentives to 
encourage uptake. Additionally, there needs to be 
a concerted effort to encourage proponents to sub-
mit data to online systems, through education and 

training initiatives and incentives such as funding 
opportunities for data submission.

Awareness and Training
Participants identified a lack of awareness of exist
ing facilities, such as the TDDP, as a major barrier. 
Addressing this requires not only outreach but 
also practical training that shows proponents how 
to search, download and lodge data. Importantly, 
TERN has already responded to the needs identi-
fied in this workshop series. An educational work-
shop was developed to support the discovery of 
old growth forest across Queensland, using data 
within the TDDP (TERN, 2024b). Such initiatives 
demonstrate how capacity building can lead to 
identified data gaps being directly addressed with 
urgency. Beyond Queensland, complementary work 
by TERN researchers in Adelaide is advancing in-
tegration of plant invasion data across Australia 
(Martín-Forés et al., 2024), highlighting the national 
potential of harmonised approaches to invasive spe-
cies monitoring. TERN provides access to soil and 
plant samples collected with the data (TERN, 2022), 
allowing researchers and environmental managers 
to borrow physical samples and specimens with rich 
contextual data for analysis. 

Embedding FAIR and CARE principles
Opportunities also lie in embedding data steward-
ship frameworks into practice. FAIR and CARE 
principles provide clear guidance for creating data-
sets that can be reused by multiple sectors (GIDA, 
2019; Wilkinson et al., 2016). While awareness 
of these frameworks is growing, integrating them 
into permitting, licensing and grant processes 
could mainstream their adoption. At the same time, 
TERN has created video resources on FAIR data for 
environmental research and management (TERN, 
2024c), and incentivisation videos on ‘why you 
should share your data with TERN’ (TERN, 2024a) 
as one of its responses to the identified need to 
increase understanding and awareness in this space, 
with more workshops planned for the future. This 
focus on training and awareness directly aligns with 
calls to embed FAIRness literacy as a foundation 
for adoption, ensuring that scientists themselves, 
not only data specialists, understand the steps and 
criteria involved (David et al., 2020).
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Cultural Change and Regulation
It stands to reason that a combination of educa
tion, incentives and regulatory requirements will be 
needed to make real cultural change in this space. 
Cultural barriers remain an impediment to achiev-
ing data that are FAIR. For example, academics 
may be perceived as being possessive of data until 
they have published. Industry may lack incentives 
to share to the broader community. Evidence from 
synthesis centres such as TERN’s former ACEAS 
(Australian Centre for Ecological Analysis and 
Synthesis) shows that supportive environments, 
including Data Management Plans, trusted reposi-
tories and recognition via citation, can accelerate 
cultural change by addressing both technical and 
social barriers (Specht et al., 2015). Workshop 
participants emphasised that voluntary change is 
unlikely to be sufficient, as many proponents are 
simply not funded to share data at project comple-
tion; hence, if governments want to increase data 
sharing and reuse, this may need to be built into 
data management plans related to award of fund-
ing for research or conservation management. For 
example, one option discussed was mandating that 
all data collected under environmental licences, or 
using state and federal funds, be uploaded to central 
repositories at project completion. 

The panel stressed the urgency of regulatory 
mechanisms to accelerate progress because volun-
tary sharing is insufficient. While regulatory reform 
tends to take time to implement, incremental meas-
ures such as citation recognition could accelerate 
progress and may even limit regulatory require-
ments (Specht et al., 2015). Crystal-Ornelas et al. 
(2022) and David et al. (2020) both emphasise that 
the main barriers to FAIR adoption are not technical 
but cultural, highlighting the need to lower adop-
tion burdens through intuitive templates, pragmatic 
reporting guidelines, automated checks and greater 
FAIRness literacy to ensure criteria are understand-
able and feasible for researchers across disciplines 
and sectors. Globally, mandates from funders and 
governments have been shown to significantly 
increase willingness to share (Bayer et al., 2023; 

Borycz et al., 2023), supporting our panel’s view 
that regulatory or contractual requirements may be 
needed to accelerate change in Queensland. The 
‘Five Safes’, an internationally recognised risk 
management model designed to help identify and 
manage data sharing risks, which is now embedded 
in Australian legislation and national data policy, 
provides one such model for balancing privacy, 
utility and trust, and demonstrates how cultural 
and technical safeguards can work in tandem to 
accelerate responsible sharing while maintaining 
social licence (CADRE, 2021).

Taken together, these opportunities highlight a 
pathway towards a more open, federated vegetation 
data landscape, one that links new data collection 
to clear standards, increases the discoverability 
of existing data, and builds trust across sectors. 
Realising this will require collaboration between 
government, academia, NRI and local managers, 
but the appetite for change expressed in the work-
shops suggests Queensland is well placed to lead. 

Future Directions
As we navigate the complexities of data shar-
ing, metadata standardisation, and the imperative 
to comply with FAIR and CARE principles, this 
research contributes to the ongoing discourse 
on creating a robust national environmental data 
pipeline. Our collective efforts aim to facilitate 
informed decision making, support evidence-based 
environmental policy, and bridge the gap between 
fundamental science and the practical needs of envi-
ronmental managers and regulators in Queensland. 
Our findings echo global analyses such as Borycz 
et al. (2023), which show that while willingness to 
share is rising, real progress depends on closing the 
gap between culture and research infrastructure. 
Importantly, our findings echo lessons from synthe-
sis centres like TERN’s former ACEAS capability, 
which successfully demonstrated that structured 
support for navigating multi-agency dialogue and 
cultural shifts is critical for overcoming ecology’s 
historically individualistic data practices (Specht et 
al., 2015).
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 Appendix 1
Expert Panel Pre-poll Questions Answered Prior to Workshop Attendance

# Pre-poll question
1 What Queensland-based vegetation data shared on various online/government-funded platforms do you 

use? Choose multiple options as needed.
2 Please describe ‘other’ open-source data you use from various online/government-funded platforms not 

listed above or expand on options chosen above. Say ‘N/A’ if not applicable.
3 What vegetation data do you collect or use? You can answer more than one.
4 Further description and information on the data you collect. Say ‘N/A’ if not applicable.
5 Do you use Queensland vegetation collection standards when collecting your data?
6 If Queensland vegetation collection standards are used, please select those applied to your data collection.
7 Does the data you collect have the following attributes? Select all that apply.
8 What attributes does your ideal vegetation dataset have? Say ‘N/A’ if not applicable.
9 The vegetation data I collect is stored as follows. Select all that apply.

10 Describe your current vegetation data storage methods if not listed above and/or provide more details here. 
Say ‘N/A’ if not applicable.

11 Approximately how large are the vegetation data files you have? Say ‘N/A’ if not applicable.
12 What format are these files in?
13 If you use an alternative file format then please describe. Say ‘N/A’ if not applicable.
14 How large are these files? An estimate or say ‘Unsure.’
15 In an ideal world, what type of vegetation data would you like to use? 
16 Are there any research questions or environmental management or decision-making problems that you 

cannot currently answer with the data you have access to?
17 Are there any vegetation datasets that you are aware of, that you may or may not have access to or 

custodianship of, that are currently not available widely (or may be available but only on a subset of 
platforms) that would be beneficial to integrate into an online, easily accessible system?

18 If you have any questions or comments, please note them here. 

Appendix 2
Expert Panel Post-poll Questions, Answered After Workshop Attendance

# Post-poll question
1 Are there any further vegetation data sources that were not included/discussed in the workshops that you 

think would be beneficial for inclusion in TERN’s online platform? Please provide a source for the data 
where possible. N/A = not applicable.

2 What are the roadblocks/hurdles to sharing vegetation data on the TERN data portal from your 
perspective? N/A = not applicable.

3 Have you tried to use the TERN data portal to access or upload vegetation data (e.g. EcoPlots or other 
facets)?

4 Using the scale below, how difficult or easy to use was the TERN data portal?
1: Very Difficult.  2: Difficult.  3: Neutral.  4: Easy.  5: Very Easy.

5 Please provide any comments, improvements, suggestions, or ideas relating to any aspect of the TERN 
vegetation data synthesis challenge. N/A = not applicable.
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Appendix 3
Complete 31 Primary Thematic Framework with All Themes Ranked by Quote Frequency

Rank Primary theme Quote frequency Percentage
1 DATA_FRAGMENTATION_AND_DISCOVERABILITY 23 8%
2 EXISTING_DATA_ASSETS 22 8%
3 INSTITUTIONAL_CONTROL_AND_GATEKEEPING 16 6%
4 REGULATORY_COMPLIANCE_REQUIREMENTS 16 6%
5 DATA_SHARING_OBSTACLES 15 6%
6 TECHNICAL_INTEGRATION_BARRIERS 15 6%
7 DATA_INTEGRATION_POTENTIAL 13 5%
8 TEMPORAL_MONITORING_INADEQUACY 13 5%
9 STANDARDISATION_VS_FLEXIBILITY_TENSIONS 13 5%
10 INCENTIVE_INNOVATION_NEEDED 13 5%
11 INVASIVE_SPECIES_AND_WEED_MONITORING 11 4%
12 CONSERVATION_PRIORITISATION_DATA 10 4%
13 SYSTEM_FRAGMENTATION   9 3%
14 ECOSYSTEM_LEVEL_ANALYSIS_GAPS   9 3%
15 SECTOR_SCALE_REQUIREMENTS_DIFFERENCES   8 3%
16 FUNDING_AND_RESOURCE_CONSTRAINTS   8 3%
17 PREDICTIVE_MODEL_TRAINING_DATA_GAPS   8 3%
18 PHYSIOLOGICAL_STRESS_RESPONSE_GAPS   7 3%
19 VEGETATION_HEIGHT_DATA_GAPS   5 2%
20 DATA_IN_SYSTEM_BUT_UNDISCOVERABLE   5 2%
21 SPATIAL_AND_TEMPORAL_RESOLUTION_GAPS   4 1%
22 PRIVATE_SECTOR_DATA   4 1%
23 DATA_MISUSE_CONCERNS   4 1%
24 VEGETATION_AGE_AND_CONDITION_GAPS   3 1%
25 OLD_GROWTH_AND_DBH_GAPS   3 1%
26 FIRE_AND_DISTURBANCE_RECOVERY   3 1%
27 TREE_HOLLOWS_AND_HABITAT_FEATURES   3 1%
28 DUPLICATION_OF_EFFORT   3 1%
29 PATHOGEN_AND_DISEASE_MONITORING   2 1%
30 REGIONAL_VS_CONTINENTAL_MODELLING_

INADEQUACY
  2 1%

31 CULTURAL_KNOWLEDGE_INTEGRATION_GAPS   2 1%
Total 272 100%
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Appendix 4
Grouping of Themes into Sub-theme Categories of Problem-focused, Solution-focused 

and Governance-focused

Theme category Quote frequency per theme category

Governance total   42
INCENTIVE_INNOVATION_NEEDED   13
INSTITUTIONAL_CONTROL_AND_GATEKEEPING   16
STANDARDISATION_VS_FLEXIBILITY_TENSIONS   13
Solution total   35
DATA_INTEGRATION_POTENTIAL   13
EXISTING_DATA_ASSETS   22
Problem total 195
CONSERVATION_PRIORITISATION_DATA   10
CULTURAL_KNOWLEDGE_INTEGRATION_GAPS     2
DATA_FRAGMENTATION_AND_DISCOVERABILITY   23
DATA_IN_SYSTEM_BUT_UNDISCOVERABLE     5
DATA_MISUSE_CONCERNS     4
DATA_SHARING_OBSTACLES   15
DUPLICATION_OF_EFFORT     3
ECOSYSTEM_LEVEL_ANALYSIS_GAPS     9
FIRE_AND_DISTURBANCE_RECOVERY     3
FUNDING_AND_RESOURCE_CONSTRAINTS     8
INVASIVE_SPECIES_AND_WEED_MONITORING   11
OLD_GROWTH_AND_DBH_GAPS     3
PATHOGEN_AND_DISEASE_MONITORING     2
PHYSIOLOGICAL_STRESS_RESPONSE_GAPS     7
PREDICTIVE_MODEL_TRAINING_DATA_GAPS     8
PRIVATE_SECTOR_DATA     4
REGIONAL_VS_CONTINENTAL_MODELLING_INADEQUACY     2
REGULATORY_COMPLIANCE_REQUIREMENTS   16
SECTOR_SCALE_REQUIREMENTS_DIFFERENCES     8
SPATIAL_AND_TEMPORAL_RESOLUTION_GAPS     4
SYSTEM_FRAGMENTATION     9
TECHNICAL_INTEGRATION_BARRIERS   15
TEMPORAL_MONITORING_INADEQUACY   13
TREE_HOLLOWS_AND_HABITAT_FEATURES     3
VEGETATION_AGE_AND_CONDITION_GAPS     3
VEGETATION_HEIGHT_DATA_GAPS     5
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