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While some large-scale and government-led adaptation is recorded, small-scale adaptations (e.g., in
homes or businesses) are unreported, giving a partial view of national adaptation. Knowing how
people adapt enables governments to incentivise and harness individual and bottom-up adaptation to
support resilience. Grey literature (e.g. community-group and private sector reports) offers a rich
source of adaptation information. Mining this using Al-tools and expert review would support

evidence-based adaptation policy and evaluation

Bridging the adaptation data gap

The ability to precisely quantify greenhouse gas emissions is indisputable,
providing a foundation for monitoring and evaluating progress against
common baselines and driving policy towards international climate goals.
In contrast, our capacity to determine if, where, when, and how adaptation is
being implemented by different population cohorts, business sectors and
social groups is exceptionally limited. The processes that countries use to
define, identify or evaluate various components of adaptation action are
often unclear, with no universal approaches, standards, or criteria for
recording adaptation at the individual or small scale'”.

Fragmentation of adaptation information across different websites,
reports and knowledge platforms also limits accessibility and useability for
evidence-based decision-making and translation into action’. Adaptation
databases do exist at the global scale (e.g. through knowledge hubs that often
rely on users uploading case studies and reports, such as WeADAPT’ and
the UNFCCC Adaptation Knowledge Portal®, as well as the Private Sector
Initiative database’) and national scale*°. Whilst these databases typically
collate adaptation exemplars, they do not capture the spectrum and pre-
valence of small-scale, autonomous and daily adaptations.

Furthermore, existing indices of adaptation identify elements of risk or
vulnerability, often drawing on pre-existing global indicators such as the
Human Development Index’. These indicators reveal progress towards
adaptation or highlight specific risks, but none comprehensively depict the
full array of adaptations undertaken by actors across scales, limiting the
potential to evaluate the extent, quality and impact of non-state adaptation.

The lack of understanding of who is undertaking which adaptation,
when, where and how remains a serious shortcoming given the need for all
parts of society to adapt to climate-related impacts now and in the future.
Even if Paris Agreement targets are met, and warming is kept below 2 °C, the

need for adaptation implementation remains vast to avoid significant risks
to humanity’. However, the gap between existing adaptation effort and
adaptation need is widening nationally and internationally, yet we do not
fully understand the size or nature of this gap at the national, regional, local
and individual level due to the reasons already outlined.

The UNFCCC has generally emphasised frameworks, capacity-
building, and forward-looking planning over detailed inventories and tan-
gible evidence of adaptation action™'’. The Paris Agreement, through the
global stocktake on adaptation, now seeks evidence of the practical process
of implementation to enable evaluation of adaptation outcomes.

There is, however, a significant disparity in what academic literature
covers when evaluating adaptation and what is being implemented in
practice”'' ™. In contrast, grey literature—defined here following Schépfel”
as literature being of sufficient quality to be preserved in libraries or insti-
tutions and not being commercially published, including reports by inter-
governmental and government organisations, adaptation funders, technical
and project reports from NGOs and academic dissertations, etc.—contain
critical yet underutilised evidence of adaptation in practice across all
scales'". The potential scope of grey literature is therefore vast and largely
untapped. However, unlocking this information will require methodological
innovations to process the large volume of material involved, including the
use of Artificial Intelligence (AI), as well as a shift in how the curation of
adaptation information and data is valued'*".

Existing methods to evaluate adaptation and what’s
missing

Small scale sector and risk specific systematic reviews increasingly use peer-
reviewed articles to assess the theory, tracking and evaluation of adaptation,
as opposed to practical implementation e.g. in health systems™ and
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housing'’. The largest systematic study to assess adaptation implementation
across all scales, the Global Adaptation Mapping Initiative (GAMI), ana-
lysed over 48,000 peer-reviewed articles. From this sample, 1,682 articles (or
3.5% of the reviewed articles) provided empirical evidence of adaptation
action globally™ revealing a scarcity of evidence in peer-reviewed literature.
The assessment authors have themselves highlighted the importance of
expanding adaptation evidence synthesis beyond peer-reviewed literature,
including the need to consider multilateral governance institutions, statis-
tical data, legal documents, government reports, policy documents, NGO
reports, working papers and company publications as important sources for
understanding adaptation in practice".

Other approaches have employed structured expert judgment to
identify and evaluate existing adaptation actions. One benefit is that the
expert panel can quantitatively score adaptation to provide a globally
comparative evaluation, overcoming the lack of consistent data on which to
evaluate metrics of adaptation success™. Systematic surveys have been used
to evaluate, for example, business level adaptation planning. These surveys
could be extended to specifically capture information on implemented
adaptation®'.

Importantly, given the drivers behind researchers writing and pub-
lishing academic articles, and need for originality, they do not often cover
the type of material or report the granular, place-based nature of real-world
adaptation". Practise is poorly reported in academic literature and practi-
tioners are not usually incentivised or rewarded to document their adap-
tation activities in this format. This creates a disparity where the academic
evidence base may lag behind practice and be biased, covering only a subset
of implemented actions and potentially painting a misleading picture of
implementation.

In contrast, broader, but still robust grey literature sources often con-
tain detailed documentation of such actions. Resources to assess could
include: the private sector’s climate-related financial risk disclosures
(TCFED); corporate sustainability and Environmental, Social, and Govern-
ance (ESG) reports; operational reports produced by NGOs and develop-
ment agencies” (e.g. global governance institutions research™; local
government adaptation reports (e.g. London Climate Resilience Review™);
or case studies and technical guidance produced by practitioner organisa-
tions and professional networks (e.g. the practitioner led report on global
leading practices for coastal resilience’). Evaluating such material for evi-
dence of implemented adaptation would provide a step-change in capturing
a wider and more representative spectrum of adaptation actors and provide
vital and deeper insights into the current state of adaptation across scales
and sectors.

When evaluating grey literature, it is also important to consider the
breath of sources. Where non-academic articles have been considered,
adaptation research has predominantly focused on evidence derived from
public-sector reports and assessments, for which a range of documentation
methods exist (e.g””".). This emphasis leaves a substantial evidence gap
regarding how adaptation is occurring beyond more formal governance
processes and reporting. In particular, there is limited understanding of
adaptation actions taken by business and other private-sector
organisations™, community actors, households and individuals. This gap
constrains our ability to assess the full scale, distribution and effectiveness of
adaptation and how we might incentivise future adaptation actions at scale.

Mining grey literature at scale

A key challenge is that grey literature resources are dispersed, inconsistently
catalogued, and difficult to access systematically (ie., there is no Web of
Science, Scopus or PubMed equivalent). Methods to overcome this barrier
include identifying existing repositories of cross-sectoral adaptation reports,
such as the UK’s Adaptation Reporting Power reports"”, exploring key
organisational websites such as Australia’s 566 local government areas’,
individually utilising webpage free-text search functions to identify sub-sets
of reports; emailing organisations and community groups to request project
documents; snowball sampling from academic articles; drawing on insight
from experts in the field through discussions and surveys’; or utilising grey

12,13

literature databases > (such as OpenGrey (https://opengrey.eu) or Overton
(http://www.overton.io)).

Thelonglength and inconsistent structure of grey literature documents
can be a barrier. A further challenge is therefore how to identify and convert
relevant, but potentially inconsistency reported and formatted, evidence on
implemented adaptation into usable datasets and information for expert
review. For example, from billions of business level ESG disclosures. Here,
data mining algorithms can be explicitly programmed to overcome this
challenge. For example, dictionary-based approaches that provide trans-
parent first-pass screening of large document collections™. More specifi-
cally, content analysis studies now utilise text mining to retain a document’s
original structure and identify segments as text units (TUs), consisting of
sentences, table rows, or images”.

A further challenge to comprehensively identifying, evaluating and
cataloguing evidence from grey literature is scale. Manual reviews are
resource intensive, particularly when considering larger areas and multiple
sectors. Additionally, adaptation terminology is inconsistently applied
across sectors and contexts, limiting the effectiveness of keyword searches
and making reproducibility difficult’. To address this issue, thematic clas-
sification could differentiate whether the information included in a TU
refers to climate hazards, organisational risks and/or adaptation responses
(AS, DM. & KJ., unpublished presentation at FRBC'26, University of
Glasgow). This classification would also serve as a coding basis, where
numerical information which supports comparison and narrative infor-
mation are tagged. Expert review of the derived output can be considered a
process of developing new knowledge, because it is a basis to validate best
practice and identify weaknesses/inconsistency in adaptation reporting.
Knowledge-synthesis guidance for climate assessments now places parti-
cular weight on evidence that is transparent, reproducible, inclusive and
timely™.

Consequently, Al offers promising solutions as already highlighted
through supporting systematic reviews of academic literature’'. Natural
language processing techniques—namely Machine Learning (ML) and
Deep Learning (DL)—can be adapted to extract relevant information from
unstructured texts. In addition to the examples above, named entity
recognition can identify organisations, geographies, and adaptation activ-
ities, while context-aware models could be utilised to specifically distinguish
between descriptions of theoretical versus actual implementation (e.g.,
“flood assessment” vs. “flood barriers constructed in 2022”).

Applying a logical pathway approach that could map from ‘hazard’ to
‘risk’ to ‘adaptation’ provides a tractable framework for linking and inter-
preting evidence. This will be key given that previous inventory and
evidence-synthesis studies have shown that implemented adaptation
remains difficult to distinguish from broader planning or capacity-building
activities"'*. If utilising large-scale text-related Al methods it is therefore
important that they not only reduce the manual burden, but that they
remain sensitive to context, subtle distinctions and construct validitym. A
logical pathway approach as alluded to above would therefore move auto-
mated analysis beyond simple keyword prevalence by identifying mean-
ingful relationships between terms. For example, it is postulated that a
document section that links flood risk to critical infrastructure disruption
and subsequent flood-protection investment would provide stronger evi-
dence of adaptation than the mention of flood-protection terms alone.

More advanced language models trained on large collections of spe-
cialist adaptation-related documents, such as ClimateBERT and the
potential for adaptation-specific derivatives (e.g, an AdaptationBERT)
would support more nuanced classification tasks by interpreting words in
their wider context in this way. Benchmark datasets developed for climate-
related corporate disclosures have already demonstrated how Al-assisted
searches can be evaluated for accuracy, traceability and source coverage™,
including the systematic identification of adaptation and resilience infor-
mation from sustainability reports from S&P 500 companies™.

Existing annotated corpora therefore provide useful starting points, but
adaptation tracking requires labels that preserve the relationship between
exposure (hazard), consequence (risk) and response (adaptation). This
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would enable the identification of subtle distinctions between implemented
action, planned action, capacity building and general climate-risk reporting
overcoming many of the issues associated with keyword-based
approaches™”. Developing such Al approaches targeted specifically to
adaptation grey literature resources, that would be applicable to reporting
across scales and beyond the public sector, could therefore yield
significant gains.

Implications for global assessments and models

More rigorous integration of grey literature into adaptation tracking holds
direct relevance for global reporting and assessment processes. The global
adaptation stocktake will only be as robust as the level of information and
data inventories that feed it. As countries prepare for the second stocktake
cycle running from 2026-2028 (covering the period of 2024-2028), inclu-
sion of evidence from wider grey literature sources could help build national
inventories of implemented adaptation action more efficiently and inclu-
sively. Advances here could not come soon enough given the shift in focus
from theoretical and technical guidelines on adaptation to supporting
meaningful impact and implementation for COP30 in Brazil. Likewise, the
Intergovernmental Panel on Climate Change (IPCC) has also flagged lim-
ited empirical evidence of adaptation, especially from outside the academic
domain®, with such resources providing additional evidence that could be
evaluated as part of the review and writing process. Acknowledging this,
GAMI, which was developed specifically to inform the IPCC Sixth
Assessment process is being revisited. GAMI 2.0 will support the IPCC
Seventh Assessment process and adaptation tracking linked to the global
goal on adaptation and global stocktake processes. To do so the initiative
recognises the need to address concerns raised here, including to further
automate the use of ML and NLP to handle the volume of information and
improve the representation of grey literature which could help to enhance
knowledge for underrepresented sectors and regions'.

Accessible and clearly structured inventories based on high-quality
grey literature could offer a more comprehensive picture of adaptation in
practice across the public and private sector as well as small-scale adapta-
tions at the business, household or individual level. Assessment bodies need
evidence not only on whether adaptation is mentioned, but also on which
hazards are addressed, which sectors report action, which responses have
been implemented, and where disclosures on adaptation remain aspira-
tional or incomplete.

New and enhanced inventories of implemented adaptation action
would provide a stronger baseline on which to evaluate and compare the
value and strength of evidence from grey literature against peer-reviewed
literature and provide a more comprehensive baseline from which to sup-
port future adaptation monitoring, evaluation and learning. Evidence can be
used to support sharing of best practice and examples of adaptation that are
politically, technically and economically feasible (e.g., the use of the UK
Adaptation Inventory as a resource in the UK governments Green Book
supplementary guidance on climate change and environmental valuation);
help to identify adaptation gaps; and support more targeted and just
responses.

Such efforts could also enhance integrated assessment models (IAMs)
and climate risk modelling, which is a further research priority'*. Both rely
on currently limited or simplified assumptions about the extent and type of
adaptation actions that are, or could be, implemented. Access to real-world
evidence could improve the parametrisation of adaptation actions and
integration of specific approaches into local, regional and national climate
risk assessment frameworks. This would facilitate more robust assessments
of future risks and testing and prioritisation of both individual and suites of
adaptation actions.

Building a stronger adaptation evidence base

Grey literature is not a panacea. Documents vary in quality, accessibility, and
reproducibility. In utilising A, quality control must remain a design prin-
ciple rather than an end-stage correction. Automated coding should not
replace assessment expertise, given variation in purpose, review status and

incentives. A credible multi-method evidence base would collate and eval-
uate evidence from machine screening, sample-based human validation"’,
expert review of uncertain classifications and transparent reporting of false
positives and false negatives. Grey literature will only strengthen adaptation
assessment when inclusion is matched by clear validation standards giving
the evidence credibility and weight alongside academic, or more formally
peer reviewed, information.

Nevertheless, continuing to overlook this vast resource limits our
understanding of adaptation on the ground. Al methods, as discussed
above, provide an opportunity to mine this information at scale, capturing
public and private information on implemented adaptation to provide a
more complete understanding of what adaptation is happening today. If
systematically catalogued in inventories this information can be combined
with evidence from other important sources within this reporting
framework"’, cutting across scales, and derived through other approaches,
such as academic systematic reviews"", expert elicitation®, structured
surveys’', evidence from lived experience and measures influenced by local
and indigenous knowledge’*””. There are also needs to enhance the inclu-
sion of non-English literature', which can result in published literature
remaining inaccessible but highlights another area where Al translation
could provide a solution™.

This broader evidence base would not only strengthen adaptation
science but would provide a richer foundation for evidence-based adapta-
tion policy and evaluation. Open access inventories can help equip practi-
tioners, policymakers, and communities with the information they need to
help support decision-making. Ensuring decisions are grounded in robust
evidence, from which a foundation for monitoring and evaluating progress
can be achieved will be imperative to accelerating climate adaptation policy
and action in the decades ahead.

While the computational process of mining grey literature and cata-
loguing information may not be considered ‘blue sky’ research to many
academics, the value of more comprehensive adaptation inventories to
support national and the Global Goal on Adaptation cannot be emphasised
enough and is essential to push the frontiers of climate change adaptation
research, policy and practice.
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