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1 Main Objective

Research on common-pool resources and social-ecological systems (SES) has generated
influential theories, extensive case-study evidence and several comparative databases,
yet this knowledge remains fragmented in three mutually reinforcing ways. Empirical ev-
idence is dispersed across studies and databases whose variables, case boundaries and
outcome definitions cannot be compared directly [1]. Different SES frameworks make
different aspects of the same case visible [2]. Comparison itself forces a trade-off be-
tween the context a case study preserves and the standardisation that large-scale analysis
requires [3, 4]. A fourth obstacle is independent of these three: with the data unchanged,
different model classes lead to different conclusions about which factors matter [5].

CoopAt asks which configurations of social, institutional and ecological factors explain
success in forests, fisheries, irrigation systems and other user-governed commons, and un-
der which conditions. It is aimed at what the field disputes rather than at what it takes as
settled. Congruence between rules and local conditions and proportionality between in-
vestment and extraction appear to hold across resource types, whereas the weight of mon-
itoring and graduated sanctions shifts with the resource itself: both matter most where
it is static enough to be observed, while clearly defined social boundaries matter more
where it is mobile [6]. These questions will be examined across resource domains rather
than within one, under multiple theoretical frameworks and on a far larger body of case
evidence than any existing comparative database holds, a combination none of them was
designed for. The cost of expert hand-coding has bounded both how many cases could
be compared and how much context survived the coding, and maintaining the resulting
databases has been a persistent obstacle in its own right [7]. Case-study documents will
therefore be processed into structured, source-linked records by LL.M-assisted extrac-
tion under expert oversight [8], and every coded value will retain the passage it came
from, the coding decision behind it and its uncertainty. A result counts where it sur-
vives changes in framework, contextual information and analytical method, including the
shift from estimating average factor effects to identifying sufficient combinations of con-
ditions; where it does not, the divergence is reported as a finding rather than settled by
the choice of method. Success is analysed in two dimensions, ecological condition and
socio-economic benefits, together with the interactions between them [1, 9].

The primary contribution is an account of how far explanations of success depend on the
theoretical perspective through which the evidence is read, a question the field has not
been in a position to ask and one that is informative in either direction. Where frame-
works agree, a finding is stronger than any one of them could establish alone, and where
they disagree the project will show whether they encode genuinely different observations
or only different vocabulary. This bears on the long-standing division between qualitative
case-study research and quantitative large-N comparison, where the methods for combin-
ing case-oriented with variable-oriented analysis are themselves underdeveloped [10].
CoopAt addresses both the infrastructure limit and the methodological one, and the cor-
pus, the extraction workflow and the data model are released so that the comparison can
be repeated, contested and extended beyond this project.



2 Introduction

Forests, fisheries, irrigation systems and other shared natural resources support liveli-
hoods and collective well-being, but their long-term governance poses a recurrent prob-
lem [9, 11]. In common-pool resources, one person’s use can reduce what remains for
others, while excluding potential users is difficult or costly. Individually reasonable de-
cisions can therefore undermine both the resource and the cooperation needed to main-
tain it [12]. Resource degradation is not inevitable, however: communities can develop
durable institutions for governing shared resources [13]. The difficult question is not
whether collective governance is possible, but which arrangements work for which re-
sources, users and circumstances.

The commons and SES research tradition approaches this question diagnostically rather
than prescriptively. Rather than prescribing one best institutional design, it decomposes
a case into components whose interactions can be examined. One of the most influential
decompositions in commons research distinguishes resource systems, resource units, ac-
tors, governance arrangements, interactions, outcomes and the wider social, economic
and ecological setting [11], which makes it possible to ask why similar institutions pro-
duce different results, or why different arrangements succeed under apparently similar
conditions. It is not, however, the only decomposition available. A comparison of ten es-
tablished SES frameworks, spanning ecosystem services, vulnerability, sustainable liveli-
hoods, material and energy flows, adaptive water governance and Ostrom’s own, found
three criteria sufficient to distinguish them: whether the social and ecological systems are
conceptualised as linked in one direction or reciprocally, whether the ecological system
is viewed in anthropocentric or ecocentric terms, and whether the framework is built for
analysis or for intervention [2]. Each makes different aspects of the same case visible.
The choice between them is not neutral bookkeeping: it determines which factors are
recorded and, in consequence, which explanations of success can be formulated at all.

The outcome to be explained is itself contested. A resource can remain ecologically pro-
ductive while benefits are distributed unequally, or governance can become more inclu-
sive while resource pressure increases. Success may refer to ecological condition, sus-
tainable resource use, socio-economic benefits, governance quality or equity, and assess-
ments of it differ among actors, organisational levels and spatial or temporal scales [9].
Each additional dimension has to be coded consistently across every case, and the more
a case record is required to carry, the less comparable data remain [3]. CoopAt therefore
analyses two dimensions, ecological condition and socio-economic benefits, and treats
the interactions between them as part of what is to be explained rather than as a compli-
cation, because gains in one can coincide with losses in the other and because aggregating
outcomes into a single score obscures how a given factor bears on each of them [9]. The
question is then not what makes an SES successful, but which conditions matter for which
dimension of success, and where the two diverge.

Against this background it is worth being precise about what the field has settled and
what it has not. Congruence between rules and local conditions, and proportionality
between what users invest and what they extract, recur across resource types. The weight
of monitoring and graduated sanctions, by contrast, shifts with the resource: both matter
most where it is static enough to be observed, while clearly defined social boundaries



matter more where it is mobile [6]. Whether group size and user heterogeneity help or
hinder collective governance has likewise resisted a general answer [14]. Findings of this
kind shift explanation away from isolated variables: monitoring, participation or trust
may matter, but their effects depend on how they combine with each other and with the
characteristics of the resource and its users [15]. What has to be explained is therefore a
configuration of conditions, and comparative research must seek general patterns without
treating context as noise.

SES and commons research has accumulated an extensive and richly detailed body of
case-based evidence. The challenge is not a lack of knowledge about individual systems:
case studies preserve mechanisms and local context, but differences in the variables ex-
amined and in how concepts are defined and operationalised make systematic compari-
son across contexts difficult [7, 15]. Comparative databases improve standardisation, but
their different research histories, sectoral purposes and coding architectures limit direct
integration. Definitions and measures of success add another source of inconsistency [9].
Finally, analytical method affects the conclusions drawn from a dataset. Using the same
irrigation data, Frey [5] found both agreement and substantial differences in estimates of
factor importance across statistical and machine-learning models, despite broadly similar
predictive performance. A finding can therefore appear convincing within one analysis
while remaining ambiguous when reasonable alternative models produce different sub-
stantive conclusions. Schliiter et al. [4] identify these difficulties as a gap in the field’s
methods for synthesis and theory building. Generalising across accumulated case knowl-
edge is held back by the absence of approaches able to handle different types of data
and the diversity of concepts and methods that produced them, and the comparative
databases built in response buy standardisation at the cost of fitting specific contexts.
They also note that every method carries its own limitations and biases, which is why
they call for multi-method approaches and triangulation rather than reliance on any sin-
gle one.

Together these limitations prevent the field from accumulating reliable knowledge about
what works under which conditions. Researchers can identify many plausible influences
on SES outcomes, but it remains difficult to determine which relationships generalise,
which apply only to particular resource domains or regions, and which are artefacts of
a chosen analytical method. This also limits the guidance available to communities, re-
source managers and policy makers, who need to understand when an institutional ar-
rangement is likely to fit a particular setting rather than receive another universal pre-
scription. A result counts, then, where it survives changes in the framework through
which cases are represented, in the contextual information retained and in the analytical
method applied; where it does not survive, the divergence is informative in its own right
and should be reported rather than settled by the choice of method [5, 7, 15].

Meeting that standard makes demands on the evidence that a table of coded values can-
not satisfy. Analytical approaches differ in what they need: set-theoretic comparison
needs values calibrated against close familiarity with each case, statistical and machine-
learning models need dense variable matrices, and relational or simulation-based ap-
proaches need other representations again. A database of hand-coded values serves one
of these, because the reasoning that produced each value is no longer available; a corpus
in which every coded value retains the passage it came from can be read again for the



others. Building such a corpus has until now been limited by the cost of expert hand-
coding, which bounded both how many cases could be compared and how much context
survived the coding, and by the effort of maintaining the resulting databases [7].

CoopAt brings these requirements together. The applicant’s 24-factor framework
provides the coding structure for harmonising existing databases and for guiding extrac-
tion [15], while the source passage retained behind each coded value allows the same
cases to be represented under other frameworks and analysed by methods with different
requirements. Case-study documents are processed into structured, source-linked
records by LLM-assisted extraction under expert oversight [8], with the coding decision
and its uncertainty recorded alongside each value. CoopAt analyses what case-study
documents record rather than observing systems in the field, so processes that unfold
over time enter the analysis only as far as the underlying sources describe them. The
framework, the corpus and the extraction workflow are the means; the intended result is
an account of which conditions matter, for which dimension of success and under which
circumstances, and of how far that account depends on the perspective through which
the evidence is read.

3 State of the Art

CoopAt draws on four bodies of research: diagnostic SES frameworks, comparative com-
mons databases, LLM-assisted information extraction and multi-method modelling. To-
gether, these bodies of research define both the foundations of the project and the unre-
solved problem it addresses.

3.1 SES and Commons Research

A central development in commons research was the move from universal prescriptions
towards a diagnostic approach to institutional diversity. Ostrom’s Institutional Analysis
and Development (IAD) framework established this mode of analysis, and the later SES
framework developed a shared vocabulary that distinguishes resource systems, resource
units, actors, governance arrangements, interactions and outcomes [11, 12]. These frame-
works make heterogeneous cases comparable while retaining the premise that the effects
of governance arrangements depend on their social and ecological setting.

Subsequent comparative studies found recurring support for institutional features such
as monitoring, graduated sanctions, accessible conflict-resolution mechanisms and rules
adapted to local conditions, while also showing that their effects depend on the social-
ecological context [16, 17]. The applicant’s subsequent synthesis extended this work into
a 24-factor framework spanning resource systems, resource units, actors, governance sys-
tems and external influences. It locates comparison at a practical middle level between
concepts that are too abstract to measure and variables that are too case-specific to com-
pare, but it was organised primarily around sustainability and identifies economic indica-
tors, wider contextual conditions and additional outcome dimensions as areas for further
development[15]. The unresolved task is therefore to refine and operationalise the frame-
work so that its factors can be tested consistently across resource domains and multiple
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dimensions of success.

3.2 Existing Databases and Framework Limitations

Comparative database projects have already shown that detailed commons evidence can
support larger cross-case analyses. The Common-Pool Resource (CPR), Nepal Irriga-
tion Institutions and Systems (NIIS) and International Forestry Resources and Institu-
tions (IFRI) initiatives, followed by the Social-Ecological Systems Meta-Analysis Database
(SESMAD), translated evidence from different sectors and research traditions into struc-
tured case records [18]. These projects created valuable datasets and reusable coding
protocols, but they were designed around different questions, case boundaries and units
of analysis. As a result, related concepts are often represented in forms that cannot be
combined directly, and the datasets make different tradeoffs between contextual detail
and comparability [7].

These differences are scientifically consequential, not merely technical. Pooling variables
that use different definitions or levels of analysis would increase the number of cases with-
out making them genuinely comparable. Conversely, imposing a uniform coding struc-
ture risks losing the case-specific information needed to interpret those values, reflecting
a longstanding tension between increasing the number of observations and preserving
qualitative depth [3]. CoopAt therefore needs a harmonisation strategy that translates ex-
isting variables into the refined framework while retaining the reasoning and uncertainty
behind each coding decision. Only then can the larger dataset provide a defensible ba-
sis for testing whether different models converge on which factors matter under which
conditions.

3.3 LLM-Assisted Information Extraction

In SES and commons research, information extraction is not a simple term-matching task
because variables are coded from narrative case studies, often with ambiguous evidence,
missing information and coder judgement [19]. A central bottleneck for comparative SES
databases is their long-term maintenance, because technical upkeep, new case entry and
detailed coding often extend beyond short project funding cycles [7]. CoopAt addresses
this bottleneck by testing whether an LLM-assisted extraction pipeline can reduce the
effort needed to extend SES databases while preserving traceable evidence and expert
review.

Recent information-extraction research shows that LLMs can convert unstructured text
into structured knowledge such as entities, relations and events [20]. In scientific do-
mains, schema-constrained LLM extraction has also been shown to produce normalised
records for database construction [8]. Recent multimodal LLMs extend this shift beyond
text-only extraction, because they can work with image and text inputs, while scientific
figures are increasingly treated as a distinct multimodal comprehension problem rather
than as plain text alone [21-23]. For CoopAt, however, the relevant benchmark is not
extraction in general but framework-guided SES coding.

Work on LLM-assisted qualitative coding and social-science annotation shows that per-



formance varies with codebook design, prompt formulation, model choice and task com-
plexity, and that outputs must be evaluated against human-coded samples [24—26]. For
this reason, LLM-based extraction must be treated as a validated coding workflow with
documented prompts, model-version control, source passages, confidence information
and checks for bias, instability and systematic failure [26, 27]. The open challenge for
CoopAt is to adapt these advances to SES case evidence by linking each extracted value
to the 24-factor codebook, the source passage and human review where needed.

3.4 Predictive Modelling with SES Data

Quantitative applications of the SES framework have expanded, but recent reviews show
that methods remain heterogeneous and that many studies still struggle to capture inter-
actions among SES indicators [28]. Earlier work using the applicant’s 24-factor system
showed that neural networks can model ecological success from coded CPR and SES data,
while also underlining that such models depend on carefully constructed variables and
outcome measures [29, 30]. Later multi-method modelling with NIIS data showed that es-
timates of factor importance can differ substantially across GLM, random-forest, gradient-
boosting and neural-network approaches, even with the same underlying dataset [5].

Since these studies, quantitative SES research and machine-learning practice have devel-
oped further, making it timely to revisit the 24-factor modelling approach with a larger
harmonised dataset and a model-comparison strategy that treats robustness as an em-
pirical question. For CoopAt, modelling is therefore not a replacement for qualitative
interpretation, but a way to test whether patterns identified across many cases are robust
to model choice, missing data and domain differences. The project will compare inter-
pretable statistical models with more flexible machine-learning methods, so that non-
linear interactions can be explored without treating prediction accuracy as the only cri-
terion.

4 Project Aims

CoopAt pursues four research questions (RQs):

RQ1: Success patterns: Which factors and factor configurations are robustly associated
with different dimensions of SES success across model classes, outcome defini-
tions, resource domains, regions and data sources, and where do synergies, trade-
offs or context-specific limits appear?

RQ2: Evidence base: How should the applicant’s 24-factor SES framework, outcome
coding, data model and documented API be refined to integrate legacy databases
and case-study literature while preserving comparability, context and reuse by
other researchers?

RQ3: Maintainable extraction: How reliably can an LLM-assisted extraction pipeline
recover SES factors, outcome definitions and evaluative criteria from case-study
literature, and where does it require human review?



RQ4: Primary-data enrichment: How can framework-guided primary data collection
validate, complete and contextualise extracted and harmonised SES evidence in
contemporary resource-governance cases?

The central hypothesis is that a larger harmonised dataset, a refined multi-factor frame-
work and more advanced machine-learning models will improve inter-model agreement
under systematic robustness checks across model families. The substantive expectation
tested within this comparison is that different dimensions of SES success are associated
with identifiable factor configurations rather than with isolated factors alone, and that
these relationships vary across resource domains, regions and data sources. Refined fac-
tor definitions, outcome-coding rules and a data model that records source and process-
ing history are expected to make heterogeneous SES evidence more comparable without
removing the context needed for interpretation and reuse. A documented LLM-assisted
extraction pipeline is expected to reduce the practical barriers to maintaining and ex-
tending SES databases, while reaching expert-comparable reliability for clearly defined
factors, outcome definitions and evaluative criteria and requiring human review for am-
biguous or context-dependent variables. Framework-guided primary data collection is
expected to fill evidence gaps, validate ambiguous factors and contextualise model re-
sults with contemporary resource-governance cases.

The research questions and working hypotheses are translated into five operational aims
in Table 1. The table links each aim to the data sources, analytical steps, outputs and suc-
cess criteria that will be used to evaluate progress. The detailed timing and dependency
logic are presented in Section 8.

Aim Method and data Analysis Output and success
criterion
Refine the Test factor definitions, = Record ambiguous Codebook version 1 by
24-factor SES criteria, indicators and  cases and revise month 6 and revised
framework outcome dimensions lower-level criteria or codebook by month
against legacy variables, indicators only when 12, with success
representative case comparability defined as mapping and
texts and expert improves. outcome-coding rules
feedback. usable for databases
and extraction
prompts.
Harmonise Map accessible sources  Track original Publicly inspectable
existing SES such as CPR, NIIS, definitions, outcome mapping
databases IFRI, SESMAD and concepts, scales, documentation by
related datasets into recoding decisions, month 12 and
the framework. mapping confidence harmonised dataset
and unmappable version 1 by month 18,
variables. with success defined as

traceable mapping
rather than forced
completeness.




Aim

Method and data

Analysis

Output and success
criterion

Develop and
validate LLM
extraction

Integrate and
model multidi-
mensional SES
success

Validate and
disseminate
CoopAt

Process case-study
documents with
prompts based on the
codebook, source
evidence, confidence
scores and uncertainty
notes.

Combine harmonised,
extracted and enriched
data in analysis-ready
data frames with
documented outcome
construction and
recorded source and
processing history.

Use AIIS partner input,
expert review,
documentation and
open dissemination.

Compare LLM-assisted
outputs with
human-only
extractions in random
validation samples,
rated by experts
without method labels.

Compare interpretable
statistical models,
including generalized
linear and
mixed-effects models,
with random forests,
gradient boosting and
neural networks, using
model-family, domain
and region robustness
checks.

Check whether the
framework captures
relevant variation in
contemporary
irrigation and
resource-governance
cases.

Validated extraction
workflow by month 18
and literature dataset
by month 24, with
success defined as
factor-level and
outcome-level
evidence on where
LLM assistance is
reliable.

Integrated CoopAt
dataset by month 24
and scientific findings
and robustness report
by month 30, with
success defined as
distinguishing robust
patterns from
model-dependent
findings, not headline
prediction alone.

Visualisation, API
documentation and
replication package by
month 36, with success
defined as reusable
findings and empirical
infrastructure for future
SES research.

Table 1. Operationalisation of project aims, outputs and success criteria.

4.1 Risk Assessment and Fallbacks

Table 2 summarises the main implementation risks and the fallback strategies that keep
the work plan viable. The risks are formulated as project-management checks rather than

expected failures.



Risk Mitigation

The 24-factor framework proves Use the first project phase to refine factor definitions,
too coarse or too ambiguous for criteria, indicators and mapping rules against real legacy
reliable classification. variables and case texts. Split or merge lower-level

criteria or indicators only where this improves expert
agreement and model usability.

Legacy databases cannot be fully Prioritise accessible sources first, document unmappable

accessed or mapped. variables explicitly, and compensate with LLM-extracted
literature cases and AlIS validation material.

LLM extraction accuracy is Retain human-in-the-loop review for low-confidence

insufficient for some factors. variables, use simpler factor-specific prompts, and

restrict automated extraction to variables that meet
validation thresholds.

Primary-data enrichment is delayed  Treat primary data as validation rather than a critical

by partner availability. dependency and proceed with harmonised legacy data
and literature extraction while using partner input for
expert review.

Models produce unstable or Use cross-validation by domain and region, compare
overgeneralised claims about SES interpretable statistical models with more flexible
success. machine-learning models, report model-dependent

findings explicitly, and distinguish robust patterns from
exploratory or domain-specific results.

Table 2. Risk assessment and fallback strategies.

5 Originality and Innovation

CoopAt is original because it combines three elements that are usually treated separately:
a balanced SES framework, large-scale extraction from scientific case-study documents,
and comparative modelling of multidimensional SES success across resource domains.
Existing SES research has strong conceptual foundations, but the field still lacks a data
infrastructure that is sufficiently comparable, fine-grained and scalable for robust analysis
of factors, configurations and tradeoffs. The project addresses this gap by turning the
framework itself into a classification and integration instrument.

The first innovation is conceptual. The 24-factor framework is designed to cover
resource-system, resource-unit, actor, governance-system and external-environment
factors at a comparable level of abstraction. This avoids a common weakness of SES
databases: ecological or biophysical variables may be measured in detail while institu-
tional, actor-related or external-context variables remain broad, or vice versa. By refin-
ing the framework against both existing databases and new extraction tasks, the project
creates a practical bridge between conceptual SES theory and empirical measurement.

The second innovation is methodological. CoopAt does not develop new multimodal Al
models. Instead, it uses recent advances in multimodal LLMs to read SES case studies
more completely: not only the prose, but also tables, captions, figures, diagrams and
document layout [21, 22]. This matters because important information about actors,



resources, governance arrangements, causal assumptions and outcomes is often com-
municated through several parts of a paper at once. Scientific figures are also increas-
ingly treated as a distinct multimodal understanding problem rather than as plain text
alone [23]. The innovation is not the model architecture or the use of an LLM as such,
but the controlled workflow around these tools: codebook-based prompts, integrated
reasoning over textual and visual evidence, source-linked outputs, confidence values,
manual review of uncertain cases and validation against already coded material. This
makes automated extraction accountable to the standards of empirical social science.

The third innovation is integrative. CoopAt deliberately avoids both overly rigid database
structures that strip away case context and overly flexible qualitative repositories that pre-
vent comparison. The project uses data frames for numerical and categorical variables
while retaining text comments and source passages. This gives the modelling workflow ac-
cess to comparable data while allowing researchers to inspect where coded values came
from, how they were transformed and where later recoding may be needed. The linked
records of source and processing history are also important for Al-assisted research work-
flows. Rather than exposing only context-free variables, CoopAt will allow human re-
searchers and Al tools to follow coded values back to source passages, coding notes and
uncertainty information. This does not replace qualitative interpretation, but it enables
use-case-specific checking, contextualisation and recoding of structured evidence.

The fourth innovation is analytical. By combining GLMs with random forests, gradient
boosting and neural networks, the project can compare interpretable baseline models
with more flexible predictive models. This will show not only which factors are asso-
ciated with specific success dimensions, but also where interactions among ecological,
institutional and social variables matter and where tradeoffs limit simple success claims.

6 Methods

The project follows a staged mixed-methods design. It begins with framework refine-
ment, proceeds through database harmonisation and LLM-assisted extraction, adds tar-
geted primary-data enrichment for validation, and culminates in integrated modelling and
dissemination. All stages serve the substantive analysis of multidimensional SES success.
The common methodological principle across all stages is traceability: every structured
value and outcome definition must be connected to its source, extraction decision and
confidence level. The workflow is dependency-aware: large-scale extraction starts only
after the codebook and initial prompts have been tested, and modelling starts only after
a stable integrated dataset with documented source and processing history is available.

Framework Refinement

The starting point is the applicant’s existing 24-factor system that synthesises SES and
commons research [15]. Following this synthesis, the 24 factors are organised as resource
system, resource units, actors, governance system and external environment. For exam-
ple, CoopAt will treat resource size, resource boundaries and initial ecological condi-
tion as resource-system factors; manageability and regeneration as resource-unit factors;
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number of actors, group composition, social capital and resource dependency as actor
factors; and participation, rule characteristics, monitoring, compliance and conflict man-
agement as governance-system factors. External-environment factors such as exclusion
of third parties, relations with external actors and capacity to adapt to change will be
retained where case material provides sufficient evidence. Ecological success is treated
separately as an outcome dimension, not as one of the 24 explanatory factors. In the
first phase, the framework will be tested against real variables from legacy databases and
against representative case-study texts. The team will produce a codebook that keeps
the 24 factors as the main organising structure and refines the lower-level criteria, indi-
cators and mapping rules needed for consistent coding. Particular attention will be given
to distinctions between variables, criteria and indicators, which must be precise enough
for consistent classification but not so narrow that they undermine comparability across
resource domains. Each codebook entry will include a definition, inclusion and exclu-
sion rules, examples of clear and borderline cases, expected data type, admissible values
where applicable, recoding guidance and guidance on how to record uncertainty.

Legacy Database Harmonisation

Existing datasets such as NIIS, CPR, IFRI and later SES database initiatives will be mapped
into the 24-factor framework where access and documentation permit. For each source
variable, the team will record its original name, definition, scale, admissible values, miss-
ingness pattern and mapping decision. Where possible, source variables will be mapped
to indicators or criteria first and then linked to the corresponding factor-level variable.
Variables that cannot be mapped cleanly will not be forced into the framework. They
will be documented as partial, ambiguous or out-of-scope mappings. The same princi-
ple applies to outcome variables: ecological condition, sustainable appropriation, socio-
economic effects, governance-process outcomes and related success definitions will be
constructed with source-specific rules before they are compared across datasets. This
produces both an integrated analysis dataset and a transparent mapping document that
can be inspected and revised by other researchers. The mapping document will there-
fore function as both a data product and a quality-control instrument. Reviewers of the
dataset will be able to see which original concepts were preserved directly, which were
transformed, and which were excluded.

LLM-Assisted Literature Extraction

The LLM extraction workflow will be developed iteratively. Case-study documents will
be prepared as document packages that preserve prose, captions, tables, page references
and, where relevant, figure or diagram images. The pipeline will use available multimodal
LLMs rather than train new foundation models. Documents will be segmented into man-
ageable evidence units while keeping links to their original location, and prompts based
on the codebook will ask the model to reason over textual and visual evidence together
where this is needed. For each factor, criterion, indicator, outcome definition or evalu-
ative criterion that can be extracted reliably, the output will include the proposed value,
evidence passage, confidence rating and any uncertainty note. Already structured cases
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will be used to calibrate prompts and assess extraction quality. The workflow will priori-
tise precision over volume in the first project year and scale up only after the validation
results show which factors can be extracted reliably.

Quality assurance has three layers. First, automated checks will flag missing evidence,
contradictory values and implausible combinations. Second, an expert-reviewed valida-
tion sample will be used to estimate accuracy by factor rather than only at aggregate level.
Third, low-confidence and high-impact cases will be manually reviewed. After larger ex-
traction batches, a random sample of cases and variables will be selected for post-hoc
validation. For this sample, human-only extractions will be created independently of
the LLM-assisted results. Experts will then rate the two extraction results against each
other without being told which result is LLM-assisted and which is human-only. If the
LLM-assisted results do not reach comparable quality for a factor, that factor will remain
subject to human extraction or review until the procedure is improved. The final dataset
will therefore distinguish expert-generated, LLM-extracted and human-reviewed values
instead of treating all entries as equally certain. It will also record whether an extracted
value is supported by prose, tables, captions, figures, diagrams or combinations of these
evidence types, without treating text and visual extraction as separate workflows.

Validation Measures

The project will measure extraction and harmonisation quality explicitly. For database
mapping, the main indicators are the number of variables and outcome definitions
mapped, the share mapped unambiguously, the share requiring partial or qualified map-
ping, the number excluded with documented reasons and the completeness of recoding
and outcome-construction documentation. For LLM-assisted extraction, the main indi-
cators are factor-level agreement with human-only extraction, agreement at the more
detailed criterion, indicator or outcome-definition level where applicable, expert prefer-
ence in blind comparison samples, completeness of source and processing history, con-
tradiction rates, and the proportion of cases routed to manual review. For modelling, the
main indicators are out-of-sample performance, robustness across domains and regions,
sensitivity to missing data, sensitivity to plausible extraction-error rates and stability of
dimension-specific findings.

Primary-Data Enrichment

Primary-data collection is included as a focused validation and enrichment component.
The project will build on original Ostrom questionnaire material, later questionnaire de-
velopments and the applicant’s connections to the Asian Irrigation Institutions and Sys-
tems initiative (AIIS). The aim is not to create a separate fieldwork-heavy project, but to
test whether the 24-factor framework and its mapping rules capture relevant variation
in contemporary irrigation systems and to close selected data gaps where partner knowl-
edge is available. Potential cooperation countries include India, the Philippines, Indone-
sia, Cambodia and Bangladesh, with Nepal as a possible validation context depending on
partner access. Any questionnaire or interview activity involving identifiable persons will
be conducted only after the required institutional review, as described in Section 10.
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Data Integration

The integrated dataset will use data frames with one row per case and columns for frame-
work variables, outcome dimensions, metadata, and records of source and processing his-
tory. Numerical and categorical entries will be accompanied by text comments, source
passages and transformation notes that document the immediate evidential context of
each structured value. This does not preserve the full qualitative case context, but it
keeps the information needed to check, interpret and revise each structured value. This
design is intentionally simpler than a fully relational database. It supports statistical mod-
elling and reproducible analysis while avoiding a database structure that would require
premature decisions about complex case relationships. The dataset will retain versioned
metadata so that later users can identify whether a value came from a legacy database,
an LLM-assisted extraction, a human-only extraction, a reviewed correction, or partner-
provided enrichment.

Modelling Strategy

The modelling stage will estimate how SES factors relate to different dimensions of sus-
tainability and governance outcomes. Generalized linear models and mixed-effects mod-
els will provide the interpretable statistical modelling layer. Mixed-effects models will
be used where cases are grouped by resource domains, regions, source databases or stud-
ies. This allows the project to estimate factor-outcome relationships while taking such
group differences into account. Random forests and gradient boosting will be used to cap-
ture non-linear effects and rank variable importance. Neural networks will be explored
where the available sample size and data quality justify more flexible modelling. This
design follows from prior multi-method work showing that method choice can change
which natural-resource-management factors appear most important, so agreement and
disagreement among model classes will be treated as a substantive finding rather than as a
purely technical detail [5]. Model inputs will distinguish original variables, harmonised in-
dicators and factor-level aggregates so that modelling choices remain auditable. Missing
values will be handled through transparent imputation and sensitivity checks, and all re-
sults will be reported with uncertainty estimates. Where the data permit, the project will
compare models across outcome dimensions to identify synergies, tradeoffs and domain-
specific limits. Composite success profiles will be used only after the individual dimen-
sions have been inspected and documented.

Validation will combine cross-validation, domain holdouts and region-based robustness
checks. Models trained on one resource type, such as irrigation systems, will be tested
against other domains, such as forests or fisheries, where the data permit. A finding will be
treated as robust only when its substantive direction or importance remains stable across
outcome construction choices, model families, missing-data treatments and domain or
region holdouts. The project will emphasise explanatory robustness over headline pre-
diction accuracy: a model that performs well only in one domain or for one success di-
mension will be treated as a domain-specific or dimension-specific result, not as a general
SES model.
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7 Cooperation Arrangements

CoopAt is designed to be feasible as a University of Graz project led by the applicant and
the funded project team. The core tasks—framework refinement, database harmonisa-
tion, LLM-assisted information extraction, data integration and modelling—can be com-
pleted within the project group. External cooperation is therefore used to improve em-
pirical coverage, validation quality and dissemination rather than to create dependencies
that would endanger project delivery.

The most important cooperation context is the applicant’s involvement in AIIS. AIIS con-
nects researchers and field partners working on irrigation systems in Asia using Ostrom-
inspired concepts and questionnaire material. For CoopAt, this network provides access
to expert feedback on the 24-factor framework, opportunities for targeted primary-data
enrichment, and validation cases in countries such as India, the Philippines, Indonesia,
Cambodia and Bangladesh. Any primary-data activity will be scoped as enrichment and
validation of the framework, not as the main empirical basis of the project.

The project also draws on the applicant’s existing links to commons scholarship, includ-
ing the International Association for the Study of the Commons (IASC) and the Ostrom
Workshop community. These networks are relevant for expert review of the codebook,
identification of legacy data sources and dissemination of the resulting CoopAt infras-
tructure. Where access to existing databases depends on individual custodians or author
contacts, the project will first use publicly available documentation and then seek clarifi-
cation or missing information through direct scholarly contact.

Within the University of Graz, the project is embedded in Environmental Systems Sci-
ences and the Complexity of Life research profile area. This setting provides interdisci-
plinary expertise in sustainability, systems science, modelling and data-driven environ-
mental research. The university’s research service, library, information technology (IT)
and high-performance computing support will contribute to the practical implementation
of the extraction and modelling workflow.

8 Work Plan and Timeline

The project is planned for 36 months. The work packages are sequenced so that frame-
work refinement and outcome coding begin immediately, data harmonisation and LLM
extraction are validated before they scale, and modelling starts once a sufficiently stable
integrated dataset is available. Milestone (M) and deliverable (D) labels are used consis-
tently in the work-package descriptions. Table 3 summarises the main phases and shows
how each phase depends on earlier outputs.

14



Phase Months Dependency logic

Framework and 1-12 Codebook, mapping rules and documentation

project setup standards are established before full database
mapping and extraction scale-up.

Database 3-18 Legacy mapping documents provide training,

harmonisation validation and baseline data for the extraction
workflow.

LLM extraction 6—24 Prompt development begins early, but large-scale

extraction follows validation by factor and, where
possible, by indicator.

AIIS enrichment and  12-30 Partner input validates selected variables and does
expert validation not block core dataset construction.

Integration, 18-36 Modelling starts after an integrated dataset exists and
scientific modelling is updated through final validation.

and dissemination

Table 3. Compact dependency-aware timeline.

8.1 Work Package 1 - Project Management and Framework Refinement

Start: Month 1 End: Month 36

Goals

« Establish project routines, documentation standards and ethical oversight.

+ Refine the 24-factor SES framework and produce a project codebook with mapping
and outcome-coding rules.

+ Coordinate integration across data, extraction and modelling tasks.

Content

The first work package combines project management with the conceptual groundwork
needed by all later tasks. The team will set up version-controlled documentation, classi-
fication guidelines, meeting routines and a risk register. In parallel, the 24-factor frame-
work will be tested against variables from legacy databases and representative case-study
texts. The output is a stable codebook with factor definitions, outcome dimensions, cri-
teria, indicators, classification examples and rules for ambiguous cases.

Milestones and Deliverables

« M 1.1 Project infrastructure and documentation workflow established (month 2).

« D 1.1 24-factor SES codebook with initial mapping and outcome-coding rules com-
pleted (month 6).
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« D 1.2 Revised codebook after database and extraction feedback (month 12).

« M 1.2 Risk register and data ethics checklist reviewed at each six-month project review.

8.2 Work Package 2 - Existing Data Sources and Harmonisation

Start: Month 3 End: Month 18

Goals

« Identify, document and prioritise existing SES databases and case collections.
« Map accessible variables from legacy databases into the 24-factor framework.

+ Produce transparent mapping documentation between original variables, indicators
and CoopAt variables.

Content

This work package integrates existing data sources such as NIIS, CPR, IFRI and later SES
database initiatives where access and documentation permit. The team will document
original variable definitions, scales, missingness patterns and recoding decisions before
mapping them into the framework. Cases or variables that cannot be mapped reliably
will be retained as documented limitations rather than forced into the analysis dataset.
Outcome variables will receive the same treatment, so that ecological, socio-economic,
governance and related success dimensions are constructed transparently before compar-
ison. The harmonised data form the first empirical layer of CoopAt and provide training
and validation material for LLM-assisted extraction.

Milestones and Deliverables

+ D 2.1 Inventory of accessible databases and variables (month 6).
+ D 2.2 Database-to-framework mapping documentation (month 12).

« M 2.1 Harmonised legacy dataset version 1 available for modelling and validation
(month 18).

+ M 2.2 Unmappable variables documented with reasons rather than omitted silently
(month 18).

8.3 Work Package 3 - LLM-Assisted Information Extraction

Start: Month 6 End: Month 24
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Goals

+ Develop extraction prompts based on the factor, outcome-dimension, criterion and
indicator codebook.

Validate extraction quality against already structured and expert-reviewed cases.

+ Implement post-hoc validation with random samples and expert rating of anonymised
extraction results.

Scale literature extraction only for factors that meet reliability thresholds.

Content

The project will process selected SES case-study literature through an LLM-assisted
workflow. The workflow will use available multimodal LLMs to reason over prose, ta-
bles, captions, figures and diagrams where these jointly support a coding decision. Each
extraction will return a structured value, supporting source evidence and confidence rat-
ing for SES factors, outcome definitions and evaluative criteria. For random validation
samples, the team will create human-only extractions independently of the LLM-assisted
results. Experts will then rate anonymised extraction results against each other, measure
agreement and accuracy by factor and by more detailed indicators where applicable, and
route low-confidence or inconsistent outputs to manual review. The work package will
prioritise validated, traceable extraction over maximum throughput.

Milestones and Deliverables

« D 3.1 Extraction prompt set and processing workflow aligned with the codebook
(month 12).

+ M 3.1 Validation sample extracted and accuracy assessed by factor (month 18).

« D 3.2 LLM-extracted literature dataset with confidence information and documented
source and processing history (month 24).

+ M 3.2 Factors requiring human extraction or review identified before integration into
final modelling (month 24).

8.4 Work Package 4 - Primary-Data Enrichment and Expert Validation

Start: Month 12 End: Month 30

Goals

+ Adapt Ostrom-style questionnaire material to the 24-factor framework and its mapping
rules.
« Use AIIS and partner expertise to validate selected variables and data gaps.

« Integrate primary-data enrichment as a secondary validation layer.
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Content

This work package uses the applicant’s AIIS cooperation context to test and enrich the
framework in contemporary irrigation settings. It will synthesise original Ostrom ques-
tionnaire material and later developments into a compact questionnaire aligned with the
24 factors and their operational indicators. Depending on partner availability, selected
cases or expert reviews from Asian irrigation systems will be used to validate whether the
framework and mapping rules capture relevant social, ecological and institutional varia-
tion.

Milestones and Deliverables

+ D 4.1 Framework-aligned questionnaire module (month 18).
* M 4.1 Partner validation workshop or structured expert review completed (month 24).

+ D 4.2 Enrichment and validation report integrated into CoopAt documentation (month
30).

8.5 Work Package 5 - Data Integration, Scientific Modelling and Dissem-
ination

Start: Month 18 End: Month 36

Goals

« Integrate harmonised, extracted and enriched data into analysis-ready data frames with
dimension-specific outcome construction.

+ Estimate and compare GLM, random forest, gradient boosting and neural-network
models for factors and configurations associated with SES success.

+ Produce a scientific synthesis of robust patterns, synergies, tradeoffs and context limits,
and disseminate reusable data documentation and publications.

Content

The final work package builds the analysis-ready CoopAt dataset and uses it to model di-
mensions of SES success. The team will run preprocessing, missing-data handling, model
comparison and robustness checks by outcome dimension, model family, resource do-
main and region. The scientific synthesis will report which factors and configurations are
robustly associated with specific outcome dimensions, where synergies and tradeoffs ap-
pear, and where findings remain domain-specific. Results will be disseminated through
peer-reviewed articles, conference presentations, visualisations and reusable documen-
tation that allows other researchers to inspect the framework and reproduce the analysis.
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Milestones and Deliverables

« D 5.1 Integrated CoopAt analysis dataset with transformation and outcome-
construction documentation (month 24).

+ D 5.2 Scientific findings and model-robustness report on factors, configurations and
tradeoffs in multidimensional SES success (month 30).

+ D 5.3 Visualisation, API documentation and dissemination package (month 36).
« M 5.1 Final scientific synthesis completed (month 36).

+ M 5.2 Replication documentation, description of source and processing history and
code release prepared by month 36.

9 Qualifications

The project leader and principal investigator (PI), Ulrich Frey, is Full Professor at the
Institute of Environmental Systems Sciences at the University of Graz, where he holds the
Chair of Systems Sciences within the Faculty of Environmental, Regional and Educational
Sciences. His research profile is a direct match for CoopAt: he combines substantive
commons and cooperation research with quantitative, large-scale comparative analysis
of institutions and sustainability outcomes.

On the substantive side, he is the author of the monograph Success in the Commons:
Actors, Institutions and Sustainability (Oxford University Press, 2020) and of a German-
language Springer volume on the sustainable management of natural resources (2018).
His empirical and methodological papers, including work on self-organisation in the com-
mons and on defining success in commons governance, engage directly with the Ostrom
tradition, design principles and the operationalisation of cooperation outcomes. He has
therefore spent more than a decade working on the conceptual problem CoopAt ad-
dresses at scale: how to compare, code and learn from heterogeneous SES cases without
losing analytical rigour.

On the methodological side, the PI has a strong record of building, validating and pub-
lishing quantitative models of complex SES and energy systems, with publications in Va-
ture Communications, Ecology and Society, Environmental Modelling & Sofiware and
the Journal of Artificial Societies and Social Simulation. This includes long-standing
co-development and use of open-source research software, with hands-on experience
in pipeline design, validation against expert benchmarks, reproducibility and open re-
lease under Findable, Accessible, Interoperable and Reusable (FAIR) principles. These
competences are directly relevant to the planned database mapping work, LLM-assisted
extraction workflow, integrated data frames and machine-learning models.

The PI also brings the project-leadership experience expected for a three-year FWF
project. Prior to his appointment in Graz he led modelling work and third-party-funded
projects in the Department of Systems Analysis and Technology Assessment at the Ger-
man Aerospace Center (DLR), supervised doctoral and postdoctoral researchers, and con-
tributed to the infrastructure of an internationally visible research group. At the Univer-
sity of Graz he is anchored in the Complexity of Life research profile area, which pro-
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vides an interdisciplinary network in environmental systems sciences, sustainability tran-
sitions, computational social science and data-driven research. His international network
in commons scholarship, including IASC and the Ostrom Workshop community, directly
supports the cooperation and validation arrangements described in Section 7.

Project Team

The project will be carried out by the PI together with two predoctoral researchers and co-
operation input from AIIS partners. One predoctoral position will focus on computational
methods: document processing, LLM-assisted extraction, validation workflows, data in-
tegration and machine-learning models. The second predoctoral position will focus on
SES and commons analysis: framework refinement, database harmonisation, codebook
development, expert validation and interpretation of model results. The two positions
are deliberately complementary but overlapping, so that core project knowledge is shared
and the team remains robust if individual tasks take longer than expected.

Both positions are suitable for doctoral theses. The computational thesis can address
reliable extraction and modelling of SES case evidence from unstructured text. The SES-
oriented thesis can address the comparative operationalisation of social, ecological and
institutional factors across resource-governance cases. Recruitment will follow open, in-
ternationally advertised calls in line with University of Graz policy.

Career Development and Supervision

Both predoctoral researchers will receive structured supervision by the PI, with regular
individual meetings, written progress reviews and a yearly thesis advisory committee in
line with faculty practice. They will be embedded in the Doctoral Academy of the Uni-
versity of Graz and in the interdisciplinary environment of Environmental Systems Sci-
ences. The project will support presentations at venues such as the IASC Biennial Confer-
ence, sustainability and environmental-systems conferences, and selected computational
social-science or natural language processing venues where the extraction workflow is
methodologically relevant.

The work plan gives both early-career researchers publishable responsibilities. Expected
outputs include a framework and harmonisation paper, an LLM-assisted extraction and
validation paper, and one or more modelling papers on the determinants of sustainable
SES governance. Where partner access permits, the AIIS enrichment component will also
provide opportunities for international research exchange and applied collaboration.

Infrastructure and Institutional Embedding

The University of Graz and the Institute of Environmental Systems Sciences provide of-
fice space, IT equipment, software licences, access to bibliographic databases, broad-
band connectivity, library services, and administrative, legal and research-service sup-
port. Workstations with graphics processing units (GPUs) at the institute cover routine
LLM inference, prompt development and local model deployment, while the university’s
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high-performance computing facilities are available for larger extraction and modelling
runs. The institutional setting in Graz, combined with the PI's international commons
network and AIIS cooperation context, gives CoopAt the substantive expertise, compu-
tational infrastructure and dissemination channels needed to deliver its results.

10 Ethical Aspects

We commit to adhere to the rules of sound scientific practice as established by the Aus-
trian Agency for Research Integrity [31], the principles and good research practices es-
tablished by the All European Academies [32], as well as Ethics for Researchers [33).

The main empirical material for CoopAt consists of already-published academic case
studies, grey-literature reports and existing SES databases. The project does not involve
experiments on humans or animals, clinical interventions, or collection of sensitive per-
sonal data. The targeted primary-data enrichment component is limited to framework
validation, expertinput and selected case information obtained through cooperation part-
ners. If any activity moves beyond expert consultation and uses interviews or question-
naires with identifiable persons, the team will seek the required institutional ethics review
before data collection begins.

Three ethical aspects are particularly relevant.

Handling of Case-Study Material and Affected Communities

Many SES case studies describe identifiable communities, such as irrigation associations,
forest user groups, fishery organisations or local resource-governance institutions. Al-
though much of this information is already available in the academic record, CoopAt re-
aggregates it at a scale that did not previously exist. The project will therefore avoid
exposing information in ways that could identify vulnerable groups or invite harmful in-
terpretation.

We mitigate this risk in three ways:

« results will be reported primarily at the level of structural factors, resource domains and
modelled patterns rather than as rankings of named communities

« each structured value will retain a source reference and, where possible, an evidence
passage or comment so that users can interpret the data in context

« where case material concerns indigenous or otherwise vulnerable communities, the
project will consider the Collective benefit, Authority to control, Responsibility and
Ethics (CARE) principles for Indigenous Data Governance [34] alongside FAIR data
principles.

The Data Ethics Canvas of the Open Data Institute [35] will be used as a structured check-
list when new data sources or partner-supplied materials are integrated.
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Artificial Intelligence Ethics and European Union Artificial Intelligence
Act Compliance

The project uses LLMs for information extraction and machine-learning models for anal-
ysis. These methods raise risks of hallucination, bias, opacity and weak reproducibility.
CoopAt addresses these risks through documentation and human oversight:

+ extraction prompts, model versions, codebook definitions and pipeline configurations
will be documented

« avalidation sample will be used to measure extraction quality by factor
+ low-confidence or contradictory outputs will be routed to human review
« results will distinguish expert-generated, LLM-extracted and human-reviewed values

+ open-source models will be used where feasible to support reproducibility and reduce
dependence on a single provider.

The use of LLMs in this project is a research-synthesis application and does not deploy
artificial intelligence (Al) systems for high-risk use cases such as employment, education,
law enforcement, biometric identification or critical infrastructure management. The
project will nevertheless align documentation, transparency and human-oversight prac-
tices with the European Union (EU) Artificial Intelligence Act [36].

Responsible Modelling and Dissemination

Predictive models of social-ecological governance can be misinterpreted if presented
as deterministic recommendations. CoopAt will therefore report model uncertainty,
domain limits and robustness checks explicitly. Visualisations and publications will be
framed around improving understanding of sustainable governance, not around scor-
ing communities or prescribing one-size-fits-all institutional designs. Together with the
gender-related considerations described in Section 11, these measures cover the ethical
obligations currently foreseen for the project.

11 Gender Aspects

Gender is relevant to CoopAt both in team composition and in research content. For re-
cruitment, the University of Graz procedures for open calls, transparent selection criteria
and equal-opportunity hiring will be followed. The project will aim for gender-balanced
candidate pools for the two predoctoral positions and will use structured evaluation crite-
ria to reduce implicit bias. Flexible working arrangements and family-friendly supervision
practices will be offered in line with university policy.

Gender is also a substantive dimension of SES. In many irrigation, forestry and fishery con-
texts, access to resources, participation in decision making, labour contributions, moni-
toring responsibilities and exposure to environmental risk differ by gender. If case studies
underreport women’s roles or treat households as homogeneous units, a database built
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from those studies can reproduce that bias. The project will therefore include gender-
related information in the codebook where the source material permits and will record
whether gender dimensions are absent, explicit or ambiguous in each case.

During modelling and interpretation, the team will treat gender variables carefully.
Where data coverage is sufficient, gender composition, participation and representation
will be analysed as possible factors in governance outcomes. Where coverage is weak,
the project will report this as a limitation rather than drawing unsupported conclusions.
This approach makes gender both a quality-control issue for extraction and a substantive
research dimension for understanding sustainable SES governance.
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B Annex 2 - Financial aspects

a) Details on the research institution of the applicant
Existing personnel

Ulrich Frey is already employed full-time by the University of Graz. His work on project
leadership, supervision, conceptual integration and dissemination will therefore be pro-
vided as an in-kind contribution and is not requested from the FWF budget. The project
team will also receive support from administrative personnel, the research service depart-
ment, the library and the IT department of the university.

Existing infrastructure

The University of Graz provides office space, standard computers, software licences, ac-
cess to bibliographic databases, broadband connectivity, library services and administra-
tive support. The Institute of Environmental Systems Sciences has workstations suitable
for routine data processing, prompt development and LLM-assisted extraction experi-
ments. University high-performance computing facilities are available for larger extrac-
tion and modelling runs. No major equipment purchase is requested at this stage.

b) Information on the funding requested

The requested budget is a provisional, internally consistent calculation based on the FWF
2026 personnel rates. It will be aligned with the final University of Graz cost breakdown
before submission. Direct project costs are estimated at €380,508. The 5% general
project costs amount to € 19,025. The provisional total requested funding is therefore
€399,533.
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Personnel costs: € 314,308

The central cost item is personnel for two doctoral candidates at 30 hours per week over
the 36-month project duration. The 2026 FWF doctoral candidate rate is € 50,220 per
year for 30 hours per week. Applying the FWF annual increase of 4.25% from the second
project year onward gives € 50,220 in year 1, € 52,354.35 in year 2 and € 54,579.41 in year
3. This resultsin € 157,153.76 per doctoral candidate and € 314,307.52 for two positions.

One doctoral candidate will cover computational tasks: document processing, LLM-
assisted extraction, validation workflows, data integration and machine-learning analy-
sis. The second doctoral candidate will cover SES and commons tasks: framework re-
finement, database harmonisation, codebook development, expert validation and inter-
pretation of model results. Both positions are scientifically necessary because the project
depends on close integration of computational methods and substantive SES expertise.

Equipment costs: €0

No dedicated equipment is requested. Existing institute workstations and university
high-performance computing infrastructure are expected to cover routine computational
needs. If a specific repair or small upgrade becomes necessary, it will be handled only if
it is project-specific and eligible under the applicable FWF rules.

Material, services and dissemination: € 32,000

Material and service costs cover the project-specific costs needed to make extraction,
validation and dissemination reproducible. The provisional allocation is € 18,000 for
LLM application programming interface (API) use and benchmarking against open-source
models, € 6,000 for document processing, optical character recognition (OCR), data
cleaning and technical services, € 4,000 for research-data management and long-term
archiving, and € 4,000 for dissemination materials, visualisation preparation and project
documentation. Open-access publication fees are not requested here because FWF open-
access support is handled through the relevant publication funding routes.

Travel, cooperation and primary-data enrichment: € 34,200

Travel and field-related costs are included because AIIS cooperation and expert valida-
tion are part of the validation strategy. The provisional allocation is € 25,000 for AIIS-
related partner coordination, validation activities and selected questionnaire-based en-
richment, € 6,000 for three international conference participations, and € 3,200 for four
national or European workshops and conferences. The primary-data enrichment compo-
nent remains secondary to the core framework, harmonisation, extraction and modelling
work, so delays in field access do not endanger project completion.
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General project costs: € 19,025

General project costs are calculated as 5% of the direct project costs. They cover small,
project-related expenses that cannot be assigned reliably to a specific direct cost line at
the proposal stage. They are not used to inflate personnel, equipment or publication-cost
requests.

C Annex 3 - Curricula vitae (CVs) and description of previous
research achievements

Univ.-Prof. Dr. Dr. Ulrich Frey

Ulrich Frey is Full Professor at the Institute of Environmental Systems Sciences at the
University of Graz, where he holds the Chair of Systems Sciences within the Faculty of
Environmental, Regional and Educational Sciences. His research combines commons
and cooperation research, SES, quantitative modelling and reproducible computational
workflows. This profile directly matches CoopAt, whose central task is to turn heteroge-
neous SES case evidence into a validated comparative data and modelling infrastructure.

Previous Research Achievements

The applicant has worked for more than a decade on the conceptual and empirical prob-
lem at the centre of this proposal: how social, ecological and institutional factors can be
compared across heterogeneous common-pool resource systems without losing analyti-
cal rigour. His monograph Success in the Commons: Actors, Institutions and Sustainabil-
ity (Oxford University Press, 2020) and his German-language Springer volume on sustain-
able natural-resource management develop this research line in depth. His empirical and
methodological publications address self-organisation in the commons, the operationali-
sation of sustainability outcomes, and quantitative modelling of complex SES cases.

The applicant also has a strong record in computational modelling and research software.
His work has appeared in outlets including Nature Communications, Ecology and Society,
Environmental Modelling & Sofiware and the Journal of Artificial Societies and Social
Simulation. This includes experience with open-source pipelines, validation against ex-
pert benchmarks, reproducibility, FAIR data principles and machine-learning models for
complex SES and energy systems. These competences are directly relevant to CoopAt’s
database mapping work, LL.M-assisted extraction workflow, integrated data frames and
model-comparison strategy.

Project Leadership and Networks

Before joining the University of Graz, the applicant led modelling work and third-party-
funded projects in the Department of Systems Analysis and Technology Assessment at
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the German Aerospace Center (DLR). He has supervised doctoral and postdoctoral re-
searchers and contributed to the infrastructure of an internationally visible research
group. At the University of Graz, he is embedded in Environmental Systems Sciences and
the Complexity of Life research profile area, which provides an interdisciplinary environ-
ment for sustainability, systems science, computational social science and data-driven
environmental research.

The applicant’s international commons network, including the International Association
for the Study of the Commons and the Ostrom Workshop community, supports expert
review, data-source identification and dissemination. His involvement in AIIS provides
a concrete cooperation context for validating the 24-factor framework and enriching se-
lected irrigation cases without making fieldwork the dominant dependency of the project.

Career Development Contribution

CoopAt creates two complementary doctoral projects. One doctoral candidate will de-
velop and evaluate reliable extraction and modelling of SES case evidence from unstruc-
tured text. The second will work on comparative operationalisation of social, ecological
and institutional factors across resource-governance cases. Both researchers will receive
structured supervision, publishable responsibilities and access to the applicant’s interdis-
ciplinary and international research networks.
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D Annex 4 - Statement on environmental sustainability in
the research process

CoopAt is a data-intensive but comparatively low-material research project. Its main
environmental impacts arise from computing, travel and ordinary office work rather than
from laboratory equipment, consumables or experimental materials. The project will
therefore focus on those aspects of ecological sustainability that are directly within the
research team’s sphere of influence.

Travel and Meetings

Project coordination will use virtual and hybrid meetings by default where they do not
reduce scientific quality. International travel will be concentrated on activities that re-
quire in-person participation, such as selected conferences, AlIS partner coordination
and validation workshops. Within Austria and neighbouring countries, train travel will
be preferred where feasible. Multiple project purposes will be combined into single trips
where possible, for example by linking partner meetings with workshops or conference
participation.

Computing and Data Processing

The project will reuse existing University of Graz workstations and high-performance
computing infrastructure instead of purchasing dedicated hardware. LLM use will be
staged: small pilot batches, prompt testing and open-source model trials will precede
larger extraction runs. This reduces unnecessary compute consumption and avoids re-
peated large-scale processing of poorly specified tasks. Intermediate outputs, source
metadata and validation results will be stored systematically so that extraction runs do
not have to be repeated without scientific reason.

Procurement and Dissemination

No major equipment purchase and no material-intensive field campaign are planned.
Project documentation, code, visualisations and dissemination material will be dis-
tributed digitally wherever possible. Printed material will be limited to situations where it
is necessary for workshops, teaching or stakeholder communication. No additional FWF
funding is requested specifically for sustainability measures. The planned practices are
integrated into the normal research workflow.
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