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Two realities: agricultural nutrition vs. soil function measurement

Survey Question: what is the soil health status in 10 years?
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How land-use policies impact GDP tackling erosion mitigation

“Nature-Based Solutions from Fiscal Liability 
to National Asset: Internalizing Ecosystem 
Services in Malaysia”

A recursive-dynamic Computable General 
Equilibrium model of Malaysia is coupled to 
spatially explicit land use and land cover 
change modeling and to eight Ecosystem 
Services (ES).

It calculates GDP loss in 2060 for different 
scenarios of land use and land cover change.
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Based on OPEN IEEM+ESM Platform: Integrated Environmental-Economic Modeling (IEEM)

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

Onil Banerjee1, Martin Cicowiez2, Mani S. Muthukumara3, Hector Pollitt4, Pralhad Burli1, Kenneth J. Bagstad5, Renato Vargas6, 
Carl Obst7, Disussant: Sebastien Roux8
1 RMGEO 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

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



1. Land-use, climate adaptation, and risk 
assessment
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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)

- For reliable 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)
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Data Gap: Institutional response and preparedness to climate change

Knowledge gap:

How well are adaptation measures 
implemented and enforced?

What do we not know about the 
Adaptation gap?



2. The systemic climate adaptation 
framework (SEI)

Stockholm Environment Institute 2026
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The Systemic Climate Adaptation Framework

Systemic adaptation requires 
governance arrangements that 
reflect the way risks propagate in 
reality, rather than the way 
bureaucratic boundaries are 
drawn. 
Responsibilities for assessment, 
decision-making and 
implementation are often 
fragmented, leading to gaps, 
overlaps and “orphaned” risks.” 
(SEI, P.6)
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The principles of the systemic climate adaptation framework
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Principle 1 interconnected by design

Principle 2 shared risk ownership

Principle 3 co-benefits and everyday value

Principle 4 no-regrets and anti-maladaptation

Principle 5 equity and just resilience

Principle 6 adaptive governance under deep uncertainty



@ Banco de México: Second Annual 
Conference on Sustainable Finance 22. October 2026 | Dr. Felicitas Sommer

The principles of the systemic climate adaptation framework

11

Principle 1 interconnected by design

Principle 2 shared risk ownership
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Cross-sectoral gap: private sector governance and land-use planning

Public sector private sector

High-level governance

operational plan



3. Spatial Analysis of Financial Data
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Extraction of asset geolocations from  sustainability reports
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Spatial Cues in Corporate Sustainability Reports: the Sample

The sample was obtained by  combining three 
curated samples of 

● Corporate Sustainability Reporting Directive 
(CSRD)-compliant reports compiled by the 
Sustainability-Reporting-Navigator research 
project (nreports = 324)  

● and the data provider Key ESG (nreports = 
148)

● sample of reports from a repository 
maintained by the Deutsche Bundesbank 
data scientists (nreports = 368).

Source: Dr. Felicitas Sommer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr. 
Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure:  An Interdisciplinary Research Agenda for 
NLP-Driven Analysis. In: Finance and Space.
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Spatial Cues in Corporate Sustainability Reports: the sample

Source: Dr. Felicitas Sommer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr. 
Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure:  An Interdisciplinary Research Agenda for 
NLP-Driven Analysis. In: Finance and Space.

Process flow of the asset location 
extraction pipeline

Dependency parsing process chart



@ Banco de México: Second Annual 
Conference on Sustainable Finance 22. October 2026 | Dr. Felicitas Sommer

Spatial Cues in Corporate Sustainability Reports: the result

Source: Dr. Felicitas Sommer, Dr. Andreas Dimmelmeier, Ahmed Elhefnawi, Marcel Metzger, Christophe Christiaen, Dr. 
Emily Kormanyos (forthcoming): Spatial Cues in Corporate ESG Disclosure:  An Interdisciplinary Research Agenda for 
NLP-Driven Analysis. In: Finance and Space.

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

Q1: geographical distribution aligns fairly with 
sample distribution

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 
"pure" asset information
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Comparing Stoxx600 sustainability reports and EIB CA&ES loanbook

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 
AI-supported information extraction 

● Delayed introduction of central access 
point and structured 
machine-readable corporate 
sustainability reports in the EU
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Forthcoming publications with co-authors  Andreas Dimmelmeier and Felicitas Sommer



4. Regulatory information from land-use 
plans
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Land-use Planning in Germany

21

Planning documents indicate the will of municipalities and detailed environmental, social, legal 
conditions
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Land-use Planning in Germany

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

● Multi-modality (text/image)
● Scan quality (earliest plans from 

1936)
● Low standardization of formats 

and symbols (despite planning 
symbol ordinance)

● accessibility’ of spatial planning 
documents
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Source: 
https://wms1.riwagis.de/muenchen_lk_bp/bp-dateien/pullach%20i.isartal/a7-713-0022-85-bl%2
0bebauungsplan.pdf

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



Building hight/density from land-use plans

Example: Reuth, Oberer Schulweg - Bebauungsplan 10/6

Municipal Portal Document Optical Character 
Recognition (Paddle)

Large Language Model 
Gemma 4

MapURL  +  TextURL (where 
available)

SCAN · page 1

GRZ  0,4
Reasoning· page 33

GRZ  max. 0,4, 
max. 0,6 for terraced
middle houses on small 
plots
GFZ: no extraction in either

Shapefile Attribute

Select the plan polygon 
and retrieve its linked 
documents from the 
shapefile attributes.

Pdfs Plan & Reasoning

Download the scan and 
text; keep the plan ID and 
document type with each 
file.

Texts and location

Clean overlapping tile 
fragments while 
preserving genuine 
repeated occurrences.
“GRZ 0,4”
[980, 1130, 1162, 1180] px

Structured Extraction

Apply the OCR prompt; 
retain metric, value, 
qualifiers and source 
evidence in JSON.* PP-OCRv6; completeness requires human review

Source: Portal https://dz.forchheim.de/#/legend. 
Scan: https://wms1.riwagis.de/forchheim_gd_bp/bp-dateien/forchheim/09474126_reuth_bp_010-6_000_oberer_schulweg_ur.pdf
Begrundung: https://wms1.riwagis.de/forchheim_gd_bp/bp-dateien/forchheim/09474126_reuth_bp_010-6_000_oberer_schulweg_b.pdf  

1 2 3

4
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Project Forchheim - Author: Hope Ewudor

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


Human-in-the-Loop-Approach
Challenges of AI Extraction

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

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



More or less flood risk management information after 2009?

Small and medium 
sized municipalities 
seem to have more 
flood risk 
information than 
large ones after 
2009.

Note: the sample 
contains large 
municipalities less 
(only 53 of 360 
plans)



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.



5. Land management information and 
federated data architectures
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Integrated Land Management from a Systemic Perspective

What is the traditional 
domain of environmental 
risk mitigation?

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?

 Use Spatial Data 
Infrastructures (SDIs) and 
Land Information Systems 
for climate adaptation 
information?

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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Advancing the Land Management Paradigm

How can land management 
systems inform fiscal 
decision making or 
prudential regulation and 
administrative architectures?

● Land registers can 
enrich corporate asset 
ownership information

● Spatial planning 
information can 
corroborate alignment 
with climate adaptation 
planning and regulation
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Conclusion

There is

● no time for ‘aggregate’ confusion and 
consequential assumption errors

● no capacity for siloed, fragmented, 
redundant data production

● no space for ineffective adaptation 
and conflicting land-use activities

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

Source: 
https://www.vallartadaily.com/vallarta-storm-damage-raises-questions-over-
coastal-permits/

Source: Fehr et al.:Addressing Data Gaps in Climate Change and Sustainability 
Statistics using Generative AI. @ 25th BIS Annual Conference



Thank you for your attention!
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Is cross-sectoral governance information 
integration possible?
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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 
public administrations is to 
accelerate effective, 
machine-readable, harmonized data 
architectures for evidence-based 
decision making.

The digital transition shouldn’t just 
replicate  old systems but integrate 
current informational and 
operational demands.
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The need for FAIR Climate Adaptation Knowledge

● FAIR Data Infrastructure: The Missing 
Layer in EU Climate Resilience Policy 
(Fouilloux et al. 2026)

● knowledge interoperability for 
accelerated climate action through the 
Climate Connectivity Hub and 
Taxonomy (Bharwani et al. 2026)

● fostering interoperability of data, models, 
communication, and governance for 
disaster resilience through 
transdisciplinary knowledge 
co-production (Schröter et al. 2025)
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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
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Approaches for spatial finance with NLP and remote sensing 

● Universal ownership is a “harmful fiction 
(Prodani 2025)

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

● Multimodal Industry Classification through 
Geographic Information with Multi Agent 
Systems can accelerate identification of 
assets (see image, Yüksel et al. 2025)
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How to move forward with the climate adaptation data gap?

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

Conclusion GreenDIA: 

● corporate and financial spatial information 
is less complete and reliable than 
geospatial land information -> integrating 
corporate in geospatial data architectures 
was more feasible than integrating spatial 
data in corporate data architectures
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