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Closing the Granular Data Gap

A cross-domain perspective on information architectures in the context of climate
change and nature depletion

Dr. Felicitas Sommer (LMU & TU Munich)



Two realities: agricultural nutrition vs. soil function measurement

Survey Question: what is the soil health status in 10 years?

very good
good
rather good /—I—\
neither bad
nor good

Future Soil Quality for Soil Consolidation

rather bad

= - bad
[ |
[ | very bad

.
) Nutrition Tests Soil Function Tests
Evidence
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How land-use policies impact GDP tackling erosion mitigation

Based on OPEN IEEM+ESM Platform: Integrated Environmental-Economic Modeling (IEEM)

n . . . oy otted = baseline solid = combined policy package .0
Nature-Based Solutions from Fiscal Liability g | e sfenoomiedmwloneda
. .. = 250
to National Asset: Internalizing Ecosystem i o
Services in Malaysia” 8 200 -
. . 8
A recursive-dynamic Computable General & 150 -
Equilibrium model of Malaysia is coupled to 3
spatially explicit land use and land cover 2 "]
change modeling and to eight Ecosystem . , - : : :
. 2025 2030 2035 2040 2045 2050
Services (ES). Year
A . =@= Erosion m.iligat.ion (a'all.isan.lmprovemenl) == Crop i ‘- (arise i.san Eu,, )
It calculates GDP loss in 2060 for different i Ol roviaton (e b ety | st

scenarios of land use and land cover change.

Source: https:/virtual.oxfordabstracts.com/event/75057/submission/229

Onil Banerjeel, Martin Cicowiez2, Mani S. Muthukumara3, Hector Pollitt4, Pralhad Burlil, Kenneth J. Bagstad5, Renato Vargas6,
Carl Obst7, Disussant: Sebastien Roux8

1RMGEO Consultants Inc., Fredericton, Canada. 2 National University of La Plata, La Plata, Argentina. 3 World Bank, Hanoi,
Vietnam. 4 University of Cambridge, Cambridge, United Kingdom. 5 Data Foundation, Washington DC, USA. 6 CHW Research,
Guatemala City, Guatemala. 7 IDEEA Group, Melbourne, Australia. 8 French National Institute of Statistics and Economics Studies
(INSEE), Montrouge, France
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Spatial governance data

Why it matters

1. Land-use regulation and the climate adaptation gap
Conceptual background

2. The systemic climate adaptation framework
Method

3. Spatial information from corporate sustainability reports
4. Regulatory information from local binding land-use plans
Conclusion and Outlook

5. Land management information systems and federated data architectures
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1. Land-use, climate adaptation, and risk
assessment



The relevance of adaptation measures for climate risk assessment

- Adaptation measures are important for
climate risk assessments (European Central
Bank, 2024)

- More accurate protection data is necessary
(Rohmer et al. 2026)

- Forreliable datasets on coastal flood
protection measures a transdisciplinary
community-based approach is needed (de
Plaen 2025)

- Adaptation gap: implementation of
adaptation measures is hindered by
constraints including institutional capacity,
social inertia, and cost (Aerts et. al. 2024)

@ Banco de México: Second Annual
Conference on Sustainable Finance

Stylised composition of physical risk indicators
Degree of damage expected at different intensities
of a hazard, including mitigation approaches
Total value of assets exposed to hazards
Hazard data: flooding, windstorms, wildfires,
landslides, subsidence, heat and water stress

Geo-coordinates of companies

Source: ECB, Climate chang lated ir Meth | report, January 2023, based on the United Nations Office for Disaster
Risk Reduction (UNDRR) terminology.
'™ o

Latitude (de

Longitude (degree)

Figure 1 Data availability overview of COASTPROS-EU, representing the best-available coastal protection standards in Europe
per NUTS2 region for three typologies of layers: geolocated coastal defences, policy standards, and modelled defence
standards.
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Data Gap: Institutional response and preparedness to climate change

nature water

Perspedive https://dol.org/10.1038/s44221-024-00274-x
Exploring the limits and gaps of flood
adaptation
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2. The systemic climate adaptation
framework (SEl)

Stockholm Environment Institute 2026



The Systemic Climate Adaptation Framework

Figure 1. The framework consists of three conceptual pillars that support six principles for guiding
policy and governance.

Principles

Interconnected
by design -

Systemic adaptation requires ,

governance arrangements that A e Ry
reflect the way risks propagate in po-ert
reality, rather than the way systemic sk

Co-benefits and
‘.. everyday value

. . framin
bureaucratic boundaries are :. ] .
d rawn. Sys:fl:;’factliggate

Policy Uncertainty

Responsibilities for assessment, L N
decision-making and
|mp|ementat|on are Often avoidmaladagtation -rgesilience

No-regrets and Equity and just

fragmented, leading to gaps, : )
overlaps and “orphaned” risks.” e ——
(SEI’ p.6) under deep uncertainty

Source: Mikaelsson, M. and Shu, M. (Stockholm Environment Institute).
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The principles of the systemic climate adaptation framework

@ Banco de México: Second Annual
Conference on Sustainable Finance

Principle 1

Principle 2

Principle 3

Principle 4

Principle 5

Principle 6

interconnected by design

shared risk ownership

co-benefits and everyday value

no-regrets and anti-maladaptation

equity and just resilience

adaptive governance under deep uncertainty
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The principles of the systemic climate adaptation framework
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Principle 1

Principle 2

Principle 3

Principle 4

Principle 5

Principle 6

interconnected by design

shared risk ownership

co-benefits and everyday value

no-regrets and anti-maladaptation

equity and just resilience

adaptive governance under deep uncertainty
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Cross-sectoral gap: private sector governance and land-use planning

High-level governance

Public sector

operational plan .
@ Banco de México: Second Annual 22. October 2026 | Dr. Felicitas Sommer LMu
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3. Spatial Analysis of Financial Data



Extraction of asset geolocations from sustainability reports

Water continued

2023 performance

In 2023, we withdrew' 950 million m* of
water (2022 restated: 1,080 million m?). The
decrease is primarily related to less rainfall
year-on-year at some of our Australian
industrial coal assets, as well as the sale,
closure or placing on care and maintenance
of some industrial sites.

We aim to have no serious environmental
incidents involving water at our industrial
assets, and to prevent unplanned water
discharges. Under our environmental
licensing conditions, some of our industrial
assets are permitted to discharge surplus
water, subject to varying conditions.

Weir significant environmental
incidents and, where appropriate, work with
local authorities to address any operational
impacts on water sources. In 2023, we recorded
seven ‘moderate’ environmental incidents
(2022: three ‘moderate’ incidents - see ‘incident
classification’ in the 2023 Group Reporting
Glossary for classification details). Of these,
two that impacted the land are detailed in
the Nature section on page 48. Immediate
corrective measures were taken, the incidents

2023 Group water balance (ML)

Other managed water - withdrawn

GLENCORE

Sustainability Report 2023

reported, and investigations were undertaken
in line with regulatory requirements.

The incidents impacting water included:

* Asaresult of an extreme rainfall event, there
was a stormwater release from a spillway at
Queensland Metals’ Lady Loretta zinc mine in
Australia into the Desert Creek catchment,
temporarily affecting water quality. Immediate
corrective actions were implemented to
minimise the impact and additional
preventative measures were identified for ,ﬁ
action through an incident investigation.
Potentially affected persons downstream of
Desert Creek catchment were contacted
during the release.

today |
Advancing tomorrg

X

Energising

* An overflow of process water at Volcan's
Carahuacra zinc mine in Peru temporarily
affected the water quality of the Yauli River
and the soil of the adjacent industrial area.
Immediate actions were taken to minimise
the impact and to remove sediment from
the impacted area. ” .

+ Adiesel spill from a pipeline switch station
associated with our Astron Energy ol
refinery in South Africa impacted the
immediate area and the down-gradient

Clarity in Crisis

Operational water use 596,380
Change in water in storage -93288
Reused/recycled 501,073

oy i vime

https://www.glencore.com/.rest/api/v1/documents/static/be5b055
4-2¢1d-415d-8072-be6a30d91d79/GLEN-2023-Sustainability-

Report.pdf
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Spatial Cues in Corporate Sustainability Reports: the Sample

Variable Description

Report Type Annual / Integrated report: 577
Sustainability report: 263

The sample was obtained by combining three

curated samples of Report Pages Min.: 12.0
Ist Qu.: 109.0
e Corporate Sustainability Reporting Directive Median: 208.0
(CSRD)-compliant reports compiled by the Mean: 242.3
Sustainability-Reporting-Navigator research 3rd Qu.: 334.2
project (nreports = 324) Max.: 1183.0
: _ Report Year 2023: 405
e and the data provider Key ESG (nreports = 2004- 435
148)
Report Language DE: 7
e sample of reports from a repository EN: 831
maintained by the Deutsche Bundesbank FI: 1
data scientists (nreports = 368). NL: 1

Source: Dr. Felicitas Sommmer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr.
@ Banco de México: Second Annual Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure: An Interdisciplinary Research Agenda for
Conference on Sustainable Finance NLP-Driven Analysis. In: Finance and Space.



Spatial Cues in Corporate Sustainability Reports: the sample

Process flow of the asset location
extraction pipeline

PDF Files

Dependency parsing process chart

Text Extraction chunk text Text
(PyMuPDF, pdfplumber) (Sentence-based)
. v . N
Location Detection
(spaCy NER)
Cleaning &
Normalisation
Dependency Parsing | v
ependency Parsin : B
£ 4 & | match Matching with
(Asset Keyword < GeoN
Check with WordNet) EORNAIIES
>
7 e
. . 2\ e
Classify Locations I
(Asset vs. Other) .7 nomatch
A
7 y

~

Output Results:
(i) Asset-level locations,
(ii) Other locations,

(iii) Locations without a

match with GeoNames

prep pobj advmod

A
t

The

in reopened today.

det determiner (e.g., “the”)

prep preposition introducing a phrase
pobj object of a preposition

nsubj nominal subject (who or what acts) | jocation (GPE)
advmod  adverbial modifier (e.g., “today”)

Source: Dr. Felicitas Sommmer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr.
@ Banco de México: Second Annual Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure: An Interdisciplinary Research Agenda for
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Spatial Cues in Corporate Sustainability Reports: the result

Map with extracted country mentions (n =137) and
geocoded extracted cities or regions (n = 2579)

Ql: geographical distribution aligns fairly with
sample distribution o3

Q2: space intensive sectors (example: storage
and transportation) report more spatial
information than non-space intensive sectors
(information and communication)

Q3: sustainability information (which is the

biggest topic for location mentions) is more . :
connected to governance topics than to . g e
"pure" asset information == .

ity R M
Countey Mentons Bl ci o Rogon Menions
o 0 2w w0

Source: Dr. Felicitas Sommmer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr.
@ Banco de México: Second Annual Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure: An Interdisciplinary Research Agenda for
Conference on Sustainable Finance NLP-Driven Analysis. In: Finance and Space.



Comparing Stoxxe600 sustainability reports and EIB CA&ES loanbook

EIB climate finance in Europe Stoxx 600 finance: climate investments in Europe
1 1(€ 3-2024. Sowrce: EIB CARES dewiled 115 joined 10 loanbook egex-tagged climate financ ability report

Country climate finance (€ billion) - Sub-national climate finance (€) < 10M 10-10084 100018 >18 Country dimate finance (€ billion) _ Sub-national cimate finance (€) < 10 10-10004 100M-18 >18
[ 2 4 8 0008 225

Banco de México: Second Annual L Author: Andreas Dimmelmeier
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How to move forward with the climate adaptation data gap?

Obstacles towards accessible, reliable,

coherent, reusable sustainable finance data

Lack of geospatial data

Intransparent methodologies of
commercial data providers and

‘aggregate confusion’ limit utility of

corporate sustainability data

Limitations of high-quality

Al-supported information extraction

Delayed introduction of central access

point and structured
machine-readable corporate
sustainability reports in the EU

@ Banco de México: Second Annual
Conference on Sustainable Finance

Addressing Data Gaps in Climate Change and Sus-
tainability Statistics using Generative Al

Maurice Fehr', Simon Oehler', Lisa Reichenbach', Marvin Riemer', Anna Steinberg
Schulten?, Malte Schierholz?, Andreas Dimmelmeier?, Felicitas Sommer®

Abstract

Climate change has emerged as a critical macroeconomic and financial risk. Effective
policy responses require high-quality, granular sustainability data - in particular is-
suer-level greenhouse gas (GHG) emissions - which remain scarce, inconsistent, and
difficult to extract from corporate disclosures. This paper presents the "Greenhouse
Gas Insights and Sustainability Tracking” (GIST) project, a collaboration between Lud-
wig-Maximilians-University Munich and Deutsche Bundesbank, which leverages
state-of-the-art generative artificial intelligence to address these data gaps. We in-
troduce a Retrieval-Augmented Generation (RAG) pipeline for extracting Scope 1-3
GHG emissions from corporate reports, converting unstructured disclosures into
standardized, analysis-ready datasets. The pipeline is validated against a rigorously
constructed gold standard dataset involving both non-expert and expert review. Re-
sults demonstrate that large language models (LLMs) achieve high extraction accu-
racy (precision: 0.78; recall: 0.90), though challenges persist in handling ambiguous or
fragmented disclosures. We further discuss the development of an open-source Py-
thon package enabling broad adoption and customization of the extraction workflow.
Real-world applications within Deutsche Bundesbank highlight the pipeline’s poten-
tial to enhance data quality, reduce manual labor, and support evidence-based policy
making.

Keywords: Data gaps, sustainable finance data, climate data, sustainability reports,
natural language processing, large language models

JEL classification: E58, Q56, C55, C63, C81, C88

The views expressed in this report are personal views of the authors and do not nec-
essarily reflect the views of Deutsche Bundesbank or the Eurosystem.

*We would like to express our sincere gratitude to the BIS Innovation Hub Eurosystem
Centre (Project GAIA) and the Deutsche Bundesbank Directorate General Markets
(ICAS) for their support and fruitful exchanges throughout the course of this project.

1 Deutsche Bundesbank
2 Ludwigs-Maximilians-Universitat Miinchen

3Technische Universitat Miinchen
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UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE
CONFERENCE OF EUROPEAN STATISTICIANS

Expert mecting on Statistical Data Editing

19 to 21 October 2026, Wiesbaden

Technical Fixers or Epistemic Stakeholders? Data Editing in Wealth
and Emissions Statistics

sitiit Miinchen, Germany), Pirmin F
citas Sommer (Ludwig-Maximilians-Universitit M

ssler (Oester-
nchen, Ger-

Andreas D ier (Ludwi imilians-Uni
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I The expanded role of editing in the re-design of data products

Tlow is a new statistical artefact created? The UNECE'’s General Stats Business Process Model
(GSBPM) answers this question with a codified chain where socictal information needs are translated
into measurable concepts in a design phase, which are then operationalized through data collection and
data processing. Afterwards the created statistical products are analyzed, disseminated and, finally,
cvaluated. Should the evaluation find new needs or required changes, a feedback loop to the beginning
of the chain starts the process ancw.
While the GSBPM explicitly states that this procedural chain is not, rigid and acknowledges the real-
world pra of recursive operations in the later s E, 2025, p. 5], the model description
highlights that the first phases concerning the identification of needs and their translation through
design choices are ouly rarely part of such recursive changes in National Statistical Offices (NSOs)
(ibid).
In this paper, we examine how new information needs are accommodated within existing statistical
infrastructures through data editing. Rather than always leading to an explicit redesign of concepts
and collection instruments, changing requirements may be addressed through decisions about. which
observations Lo retain, correc uch deci can help constitute the
siibaoquently wisod i Feseards and policy, This does ot imply that feodbark to carlioratages disappears,
but that editing may accommodate demands that have not been fully addressed through design
This creates a tension: the more cditing makes or data usable, the
Iess visible the original limitations may become to downstream users. Editing can reduce some
taintics while introducing or transforming others, including dependencics on production choic
unresolved qumen: about conceptual boundarics. We thercfore examine statistical, production and
t as related of cditing, while also considering how cditing stabi
statistical objects and cnables their use in new contexts.
To develop this account, we prese two distinct cascs. The first concerns the Iouschold Financ
and Consumption Survey (IIFCS), a harmonized houschold survey coordinated within the European
System of Central Banks (ECBS) and conducted by national central banks and statistical institutes.
iy, financial stability and wealth incquality analysis place different demands on
the same data infrastructure. These demands become particularly visible in the treatment of missing

Forthcoming publications with co-authors Andreas Dimmelmeier and Felicitas Sommer
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4. Regulatory information from land-use
olans



Land-use Planning in Germany

Planning documents indicate the will of municipalities and detailed environmental, social, legal

conditions
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Land-use Planning in Germany

Accessibility of planning documents is ‘built into’ information structure, document formats, and scan
quality

Challenges for automated o
information extraction from binding
land-use plans:

e Multi-modality (text/image)

e Scan quality (earliest plans from
19306)

e Low standardization of formats
and symbols (despite planning
symbol ordinance)

’ :munlszé

e accessibility’ of spatial planning
documents

Source:
https://wms1.riwagis.de/muenchen_lk_bp/bp-dateien/pullach%20i.isartal/a7-713-0022-85-bl%2
Obebauungsplan.pdf
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Project Forchheim - Author: Hope Ewudor

Building hight/density from land-use plans

0 Municipal Portal e Document

MapURL + TextURL (where

Shapefile Attribute available)

Select the plan polygon Pdfs Plan & Reasoning

and retrieve its linked

documents from the Download the scan and

shapefile attributes. text; keep the plan ID and
document type with each
file.

Example: Reuth, Oberer Schulweg - Bebauungsplan 10/6

* PP-OCRv6; completeness requires human review

Source: Portal https://dz.forchheim.de/#/legend.
Scan: https://wms1.riwagis.de/forchheim - ien/forchheim/09474126 reuth 10- rer_schulw
Begrundung: https:, il is.de/forchheim - ien/forchheil 10-f rer

Optical Character
Recognition (Paddle)

Texts and location

Clean overlapping tile
fragments while
preserving genuine

re peated occurrences.

“GRZ 0,4”
[980, 1130, 1162, 1180] px

o Large Language Model
Gemma 4

SCAN : page 1

GRZ 0,4

s |:>Reasoning- page 33

GRZ max. 0,4,

max. 0,6 for terraced
middle houses on small
plots

GFZ: no extraction in either

Structured Extraction

Apply the OCR prompt;
retain metric, value,
qualifiers and source
evidence in JSON.


https://wms1.riwagis.de/forchheim_gd_bp/bp-dateien/forchheim/09474126_reuth_bp_010-6_000_oberer_schulweg_ur.pdf
https://wms1.riwagis.de/forchheim_gd_bp/bp-dateien/forchheim/09474126_reuth_bp_010-6_000_oberer_schulweg_b.pdf
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Challenges of Al Extraction

Human-in-the-Loop-Approach

T
</ LimeSurvey

Warum hat das LLM hier einen Fehler gemacht?

Entscheiden Sie ai

M Label Studio

@©1Im Kommenta

©Bitte wahlen sid

® Begriftrwert
Unvolistandig

Begriff/Wert

Human Labeling

Runde 1: Extraktion aus Annotations-Umfrage

Feedback

Erganzung FN

Bestitigung TP/TN |
Korrektur FP
Korrektur durch Annotator Manueller Nachtrag
I

Runde 1: Extraktion (aus Annotations-Umfrage) :‘T
rrektur

- Annotatoren bestatigen Extraktion (TP, TN)
— bestéatigter Goldwert

- Annotatoren korrigieren Extraktion (FP)
— Pipeline (teilweise) falsch — Korrektur als Goldwert

- Annotatoren fiigen Wert hinzu (FN)
— Pipeline hat Ubersehen — Korrektur als Goldwert

|

Runde 2: Extraktion mit Gemini
(+ Erganzung von Annotationen fur fehlende Seiten)

N\

Ubereinstimmung (TP, TN) Abweichung (FP, FN)
automatische Bestatigung manuelle Uberpriifung
' i s |
Goldstandard Goldstandard

’ Finaler Goldstandard

Comparison Human-Al




Links between flood management and Land-use Planning

Machine-readable digital land-use plan
data can be used to assess how
effective new climate adaptation
regulation has been implemented in
land-use planning.

Example:

How did land-use planning respond to
the 2009 amendment of the Water
Resources Act implementing the EU
Floods Directive ?

Land-use plans with or without flood risk
information before and after 2009

lllllllll

Deggendort

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Sources. Map Flood Hazard Risks: LfU; Land-use Plans:Bayernatlas & B-Planpool.
Authors: Alwin John Mathews, Sebastian Riznik, Felicitas Sommer.



More or less flood risk management information after 20092

Planning content by municipality size and plan period
Preliminary comparison of pre-2009 and post-2009 B-Plans

Bar length = total plans | Segment labels = number of plans

Small and medium

sized municipalities ivers | N
seem to have more Small municipalities _

Population <5,000

flood risk o v | ) - -

information than i
large ones after seore 2000 | s

Medium municipalities
1

Note: the sample ‘s
contains large eerore 2000 ||| SN 3

Large municipalities
Population >30,000

mu n |C| pa | Itles |eSS 2009 onward " n=4 Both:1 - Mitigation only: 1 - Neither: 2
(only 53 of 360 |

0 25 50 75 100 125
planS) Number of B-Plans

B Both hazard/status and mitigation/adaptation B Only mitigation/adaptation [ZZ2 Extraction unavailable
Only hazard/status Neither detected

ard: 1 extraction unavailable.

as a ranking of municipal performance



Large municipalities stop building in flood risk areas!

Land-use plans in
larger municipalities
contain less flood
risk information -
because they
reduced
development in
high-risk areas after
2009.

Counts and age composition within each municipality-size group

1,066 distinct files with known effective years

2009 onward Before 2009

Small municipalities  "g4 (30.4%) 215 (69.6%) n =309
Population <5,000

Medium municipalities 139 (25.1%) 414 (74_9%)
Population 5,000-30,000

23 (11.3%)

Large municipalities 181 (88.7%) n =204
Population >30,000

0 100 200 300 400 500

Number of distinct B-Plan files
ount and percentage within each mun ‘y'umn-: Ze group

2009 belongs to the later p d. Population refere 30 September 2025

annual planning rates, policy effects or municipal performar

n =553

600



5. Land management information and
federated data architectures



Integrated Land Management from a Systemic Perspective

What is the traditional
domain of environmental
risk mitigation?

@ Banco de México: Second Annual
Conference on Sustainable Finance

Land-use planning: is cross-sectoral,
multi-level, multi-functional

Public restrictions and private rights: are
transparent, create accountability, enable
implementation and enforcement

Soil-function maps: consider all-hazards,
green infrastructures, co-benefits, allow
feedback loops

Buildings and infrastructure registers:
allow stocktaking of demands and
capacities, evidence-based decision-making
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Integrated Land Management from a Systemic Perspective

What is the traditional
domain of environmental
risk mitigation?

mp Use Spatial Data
Infrastructures (SDIs) and
Land Information Systems
for climate adaptation
information?
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Advancing the Land Management Paradigm

How can land management

. . Land Land-Use Land
syst_e ms | nfo rm fiscal Policies Management Information
Overall Land Policies * Regional and Local Spatial Land Data Registers
decision making or
N . Planning ® Land Tenure
prudential regulation and Sectoral Land Laws and Policies * Construction Planning = s
administrative architectures? [ l e
 Water Supply e Cadastral mapping'
i s A S . Nekinatvosoumceus
o I_a nd reg |Ste rS Ca n : ::tr:::‘::tuour:ﬂ ® Planning p.m‘.i”‘on, * Utility mapping
enrich corporate asset Skt Posaraens N Ak ool Lvd mtuatcs

ownership information

e Spatial planning
information can
corroborate alignment
with climate adaptation
planning and regulation

Figure 5. Integrated Land-Use Management for Sustainable Development.
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Conclusion

Comparison of scope 1 GHG emissions
in tons of CO, equivalent, by company and year, log scale

There is

e no time for ‘aggregate’ confusion and

consequential assumption errors
e no capacity for siloed, fragmented,
redundant data production
° no Spa Ce for ineffective adaptation Source: Fehr et al.:Addressing Data Ga‘;;s»in Cl‘ir‘1‘1at"erncrr1]a;1ﬁg;an‘; Sustainability

Statistics using Generative Al. @ 25th BIS Annual Conference

and conflicting land-use activities DUDNIE s

coverage in Puerto Vallarta.

- Every step towards more federated,
cross-sectoral, all-hazard, multi-level data
architectures is a step towards climate
resilience

ey~ |
@ vallartaDaily.com

V\_\ PUERTO VALLARTA + JALISCO + MEXICO
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Thank you for your attention!
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|S cross-sectoral governance information
iIntegration possible?



Evidence-based decision making: data literacy for administrations

ADA (Applied Data Analysis for public
Administrations) supports
digitization and digital literacy.

The aim of enabling and training -m
public administrations is to

accelerate effective, . ‘
machine-readable, harmonized data

architectures for evidence-based ‘ - ‘
decision making.

The digital transition shouldn't just . o .
replicate old systems but integrate  [AUCHalIloRig[sWelslolI[eR-[e[aalIa]F]1g=) o] R Ko}

t informational and .
oparational dermands. make better use of their data and
make it fit for the (Al) future
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The need for FAIR Climate Adaptation Knowledge

Deosc FAIR2Adapt

e FAIR Data Infrastructure: The Missing FAIR2Ada pt
Layer in EU Climate Resilience Policy
(Fouilloux et al. 2026) Advancing climate
adaptation in Europe
e knowledge interoperability for Sre. o -
accelerated climate action through the Uil simula @
Climate Connectivity Hub and L e > o fn s RO
Taxonomy (Bharwani et al. 2026) regionabid ios e
[&3 Alphacc ::O,pm,a, B..... Europe can build stronger,
e fostering interoperability of data, models, . more resilient futures.
communication, and governance for ©® = A
disaster resilience through
transdisciplinary knowledge W oo il

co-production (Schroter et al. 2025)

AR ) adelphi @
6> DeSci
\
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Microdata Infrastructure

New database developed by Austrian

National Bank

Challenge: combined datasets had

incompatible identifiers, heterogeneous

variable names, divergent temporal

structures and refer to different and often
implicit or undefined target populations

Potential: prevent error-prone

preprocessing

@ Banco de México: Second Annual
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46 pages

The Integrated Firm-Level Database (IFLD): a new
microdata infrastructure for analysing Austrian

firms

Structure and first empirical insights for 2021

The Integrated Firm-Level Database (IFLD) combines administrative
and supervisory data on Austrian firms into a unified microdata
infrastructure. Its key innovation is that it links previously fragmented
information on firm characteristics, financial statements, bank
lending, ownership and insolvencies within clearly defined firm
populations. The IFLD reveals that the Austrian economy is
dominated in number by small firms, while economic activity and
financing are highly concentrated among relatively few firms.
Ownership is often concentrated among a small number of owners,
predominantly natural persons.

JEL classification

C81, D22, G21,G32, 125

Keywords

Integrated firm-level database, corporate sector, bank lending, bank
credit, granular credit data, firm financing, ownership networks,
corporate insolvency, microdata, Austria

e m

Small firms dominate by Direct bank financing is
number limited

The majority of Austrian non- Only around 36% of Austrian
financial firms are very small. non-financial firms have a loan
Among firms subject to disclosure from an Austrian credit
requirements for which institution. Also, bank lending is
information is available, the highly concentrated, with a small
median firm has two employees, share of borrowers accounting for
anannual turnover of around the bulk of outstanding credit.

EUR 369,000 and total assets of
around EUR 547,000. A
comparatively small number of
large firms account for much of
economic activity.
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Ownership patterns differ
sharply by firms’ economic
weight

In 62% of limited liability
companies, the majority
shareholder is a single natural
person. At the same time, firms
majority-owned by a single legal
person account for 79% of total
assets. This shows that corporate
ownership dominates among
economically important firms.



Approaches for spatial finance with NLP and remote sensing

e Universal ownership is a *harmful fiction
(Prodani 2025)

e Geospatial Finance links economic and
financial attributes to environmental and
spatial resources (Gopal and Pitts, 2024)

e Multimodal Industry Classification through
Geographic Information with Multi Agent
Systems can accelerate identification of
assets (see image, Yuksel et al. 2025)
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Abstract

Industry classification schemes are integral
parts of public and corporate databases as they
classify businesses based on economic activ-

ity. Due to the size of the company registers,
manual annotation is costly, and fine-tuning
models with every update in industry classi

fication schemes requires significant data col-
lection. We replicate the manual expert veri

fication by using existing or easily retrievable
multimodal resources for industry classifica

tion. We present MONETA, the first multimodal
industry classification benchmark with text
(Website, Wikipedia, Wikidata) and geospatial
sources (OpenStreetMap and satellite imagery).
Our dataset enlists 1,000 businesses in Europe
‘with 20 economic activity labels according to
EU guidelines (NACE). Our training-free base
line reaches 62.10% and 74.10% with open
and closed-source Multimodal Large Language
Models (MLLM). We observe an increase of up
1022.80% with the combination of multi-turn
design, context enrichment, and classification
explanations. We release MONETA and code’

1 Introduction

Geospatial finance (Gopal and Pitts, 2024) is an
emergent and complex field that links financial and
economic attributes to environmental and spatial
resources. One of the important milestones in mul-
timodal Al research, Multimodal Large Language
Models (MLLM) such as Llava (Liu etal., 2023b,a,
2024), InternVL (Chen et al., 2024b; Wang et al.,
2024b), QwenVL (Bai et al., 2023; Wang et al.,
2024a; Bai et al., 2025), GPT-5 (OpenAl, 2025)
and Gemini 2.5 (Gemini 2.5 Team, 2025) can
contribute to geospatial finance decision making
tasks by processing visual geospatial data in ad-
dition to text documents. Traditionally, Al re-
search has developed unimodal automatic industry

The views expressed in this paper are personal views
of the authors o sarily reflect the views of
Deutsche Bundesbank or the Eurosysten.

Figure 1: Zero-Shot vs Multi-Tum comparison for
MONETA. (1) Zero-shot pipeline (lefi): Available re
sources are forwarded into the industry classifier MLLM
together. Explanations and classifications are obtained.
(2) Multi-Tumn pipeline (right): Each resource is pro-
cessed by separate specialized agents. Intermediate
clues from these agents are processed by the decision-
making agent, returning explanation and classification.

classification based on global (ISIC (UN, 2008))
and region-specific (NAICS (Ambler and Kristoff,
1998), NACE (European Commission, 2008)) in-
dustry classification systems. National Statistical
Business Registers classify enterprises by their pri-
mary economic activity using these classification
schemes. The International Standard Industrial
Classification (ISIC (UN, 2008)) is widely used for
economic statistics, including production, national
accounts, employment, and population studies.

Existing research on automatic industry classi-
fication from company recordings, financial re-
Ghnemann et al., 202
Béchara et al., 2022; Rizinski et al., 2023; Faria
and Seimandi, 2023; Vamvourellis et al., 2024;
Malashin et al., 2024; Guo et al., 2025; Dzuyo
etal., 2025) has two main drawbacks. First, these
methods rely solely on text, which is often unavail-
able for newly founded or small firms, whereas
geospatial information from business registers can
provide useful signals. Second, they fine-tune mod-
els that require large datasets and limit them to a
ingle classification scheme.

14790
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How to move forward with the climate adaptation data gap?

e Cross-sector coherent land governance
matters for reliable (measurement of)
state capacity and institutional resilience

Conclusion GreenDIA: Reframing the EU
e corporate and financial spatial information landscape for
is less complete and reliable than corporate
geospatial land information -> integrating Sustainability
corporate in geospatial data architectures information -
was more feasible than integrating spatial ey oo ot o i i o

data in corporate data architectures

“ Green [3)
DIA s
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