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SPATIAL OXFORD
o FINANCE SUSTAINABLE
INITIATIVE @ FINANCE UNIVERSITY OF

GROUP OXFORD

OXFORD SUSTAINABLE FINANCE GROUP

Multi-disciplinary centre for research and teaching in sustainable finance with a vision of
aligning finance with sustainability to tackle global environmental and social challenges

Research group of >30 staff, researchers and PhD students
led by Dr Ben Caldecott -

Research topics:

« Data science and machine learning
« Nature finance

- Spatial finance

« Transition finance

Greening Finance
& Investrent
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SUSTAINABLE FINANCE

Green/Sustainable Finance is about;

 Aligning the financial system with global sustainability
= Greening Finance

« Financing the transition to global sustainability
= Financing Green

Mainstream financial markets - Total financial assets of financial | 7% "$.g
corporations in the EU in 2023: €86 220 billion i3

Environmental markets - Total value of traded carbon credits 4 v :
in voluntary carbon markets globally by 2023: €10 billion &g :

ean Space Agency

Sources: Eurostat, Ecosystem Marketplace
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SPATIAL FINANCE AND ASSET-LEVEL DATA

Governments regulate and
create policies across all sectors

Investors own companies

Companies own
exposed assets

Assets, both
built and natural,
are exposed

to different
types of risks,
impacts and
opportunities
which are best

MODELLED DATA
E.g. Climate hazard, land use, biodiversity
intactness, species distribution

OBSERVED DATA
E.g. Optical image, radar image,
multispectral image (e.g. GHG emissions)

understood
in their local,
spatial context

ASSET DATA
E.g. location, ownership, production
type, capacity, fuel, age
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NATURE-RELATED FINANCIAL RISKS

@ The interface with nature

Evaluate
Dependencies & impacts

Assess
Risks & opportunities

@ To respond & report

Span of the business
model and value chain

‘What are our organisation’s activities by sector and
value chain? Whare are our direct operations?

L2 Dependency and
impact screening

‘Which of these sactors, value chains and direct
oparations ara associated with potentially modarate
and high dependancias and impacts on nature?

Interface
L3 with nature

‘Where are the sectors, value chains and direct
oparations with potantially moderata and high
depandencies and impacts located?

Which biomes and specific scosystems do our direct
oparations, and moderate and high dependency and
impact valus chains and sectors, interfaca with?

L4 Interface with
sensitive locations
Which of our organisation's activities in modarate and
high dependency and impact value chains and sectors
ara located in ecologically sensitive locations?

And which of our direct oparations ara in thess
sansitive locations?

= Identification of environmental
assets, ecosystem services
and impact drivers

What are the sectors, business processes or activities to be
analysed? What environmental assets, ecosystem services
and impact drivers are assoclated with these sectors,
business processas, activities and assessment locations?

Identification of
dependencies and impacts

What are our dependencies and impacts on nature?

Dependency and impact

measurement

What is the scale and scope of our dependencies
on nature?

What is the severity of our negative Impacts on
nature? What is the scale and scope of our positive
impacts on natura?

Impact materiality
E4 assessment

Which of our Impacts are material?

LEAP approach for assessing nature-related issues
Taskforce for Nature-related Financial Disclosures

Al Risk and opportunity
identification

What are the corresponding risks and opportunities
for our organisation®

Adjustment of existing risk
A2 mitigation and risk and
opportunity management
‘What existing risk mitigation and risk and opportunity
managameant processes and alements are we
already applying?
How can risk and opportunity management procassas
and associated elaments (e.g. risk taxonomy, risk
imvantory, risk tolarance critaria) be adapied?

o Risk and opportunity
A3 measurement and
prioritisation
Which risks and opportunities should be prioritised?

Risk and opportunity
A4 materiality assessment

‘Which risks and opportunities are material and
therefore should be disclosed In line with the
TNFD recommended disclosures?

P1 Strategy and resource
allocation plans

What risk managament, stratagy and
resource allocation dacisions should ba
made as a result of this analysis?

Target setting and
P2 performance
management

How will we st targets and define and
measurs progress?

P3 | Reporting

What will we disclosa in line with tha TNFD
recommeandad disclosures?

P4 Presentation

Whera and haw do we pressnt our
nature-related disclosures?
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ASSET DATA AVAILABILITY

Limited access to information at the level of firms’ physical assets — their location, financial value, non-financial
information (e.qg., capacity, role in value chain). This means many studies use average sector values and proxy
locations (e.g., central office instead of each production plant), which can lead to a mis-estimation of economic and

Slmse i Rk Foum Suica 2023

financial shocks.
Source: BNP Paribas Asset Management white paper, 2023,
Asset-level data is crucial to avoid underestimation of physical climate risk

CFRF B C CGFI

VR e —
By oo g B . B pULT G (R

LEARNING FROM THE 2021/22
T o ?gg&ﬁgggﬁ The sustainable investor for a changing world Your search CLIMATE BIENNIAL EXPLORATORY
= SCENARIO (CBES) EXERCISE IN THE UK:
SURVEY REPORT
oliaboration between the UK Centre for Greening Finance and Investment and the
FUNDS CAPABILITIES STRATEGIES THEMES INSIGHTS ABOUT US Gt Fnanca ik Foram, Warch 2173
Forward thinking | White paper - 4 Min °<:

Asset-level data is crucial to avoid underestimation of
physical climate risk

o i
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ASSET LOCATION DATA SOURCES

Three sources of asset location data:
LOCATION, LOCATION, * Corporates

)YCATION: « Public bodies
« 3 party (data) providers

ASSET LOCATION DATA

SOURCES FOR NATURE-RELATED SPATIAL

FINAN
FINANCIAL RISK ANALYSIS INITIATIVE

Inventory of 145 asset databases

Inventory breakdown by data source

Source: Planet

® Commercial @ Non-profit/Academia Public

https://www.cgfi.ac.uk/spatial-finance-initiative/
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ASSET LOCATION DATA AVAILABILITY

Asset location data availability vs nature dependency materiality per sector

35 Inventory coverage for sectoral databases with fixed assets
30
HIGH
25
@ Commercial @ Non-profit/Academia Public
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GEOASSET: OPEN ASSET DATABASES

Beef Abattoirs Cement Iron and Steel

119 facilities across the 5 largest 3,117 cement production plants 1,598 iron and steel productian @
international meatpackers worldwide plants warldwide

Beef

Cement

Ethylene

Petrochemicals Paper and Pulp Waste Management
303 ethylene fadilities worldwide; 3,403 pulp and paper production 1,490 wastewater reatment plants
205 base chemical facilities in facilities worldwide in Europe

Europe and Morth America

https://www.cgfi.ac.uk/spatial-finance-initiative/geoasset-project/geoasset-databases/

Total beef capacity/year: 64,307,800
Total cement capacity/year: 2,684.101
Total ethylene capacity/year: 409,797

Total pulp capacity/year: 83,951,055

Total steel capacity/year: 701.363

| 10000 km
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GEOASSET: OPEN GLOBAL ASSET DATABASES

A

1 uid city state country iso3 country_code region sub_region latitude longitude accuracy status plant_type production_type
8 GACTAFGE0001 Pol-e Khomri Baghlan Afghanistan AFG 4 Asia Southern Asia 35.9658 68.686338 Exact Operating Integrated Wet
58 GACTAFG0002 Injil Herat Afghanistan AFG 4 Asia Southern Asia 34322144 51.953503 Exact Under Construction

LN GACTAGOO001 Luanda Luanda Angola AGO 24 Africa Sub-Saharan Africa -8.766173 13.316051 Exact Operating Integrated

=8 GACTAGO0002 Cacuaco Luanda Angola AGO 24 Africa Sub-Saharan Africa -8.796392 13.42678 Exact Operating Integrated Dry
=8 GACTAGOO0003 Lobito Benguela Angola AGO 24 Africa Sub-Saharan Africa -12.342644 13.581766 Exact Operating Grinding

I8 GACTAGO0004 Sumbe Kwanza-Sul Angola AGO 24 Africa Sub-Saharan Africa -11.185243 14.030804 Exact Operating Integrated Dry
i GACTAGO0005 icolo e Bengo Bengo Angola AGO 24 Africa Sub-Saharan Africa -9.101295 13.567408 Exact Operating Integrated Dry
=N GACTAGO0006 Benguela Benguela Angola AGO 24 Africa Sub-Saharan Africa -12.537825 13.496729 Exact Operating Grinding

I} GACTALBOOO1 Rrethi i Lezhés Qarku i Lezhés Albania ALB 8 Europe Southern Europe 41.83677 19.63345 Exact Operating Grinding

INN GACTALBOOO2 Rrethi i Krujés Qarku i Durrésit Albania ALB 8 Europe Southern Europe 41.503079 19.743606 Exact Operating Integrated Dry

=8 GACTALBO003 Rrethi i Krujés Qarku i Durrésit Albania ALB 8 Europe Southern Europe 41.545091 19.725338 Exact Operating Integrated Dry
=) GACTALBOOO4 Rrethi i Elbasanit Qarku i Elbasanit Albania ALB & Europe Southern Europe 41.120103 20.045136 Exact Operating Integrated

IE8 GACTAREOOOL Eastern Region Abu Dhabi United Arab Emirates ARE 784 Asia Western Asia 24.003398 55.438602 Exact Operating Integrated Dry

=) GACTAREO0O2 Al Ain Abu Dhabi United Arab Emirates ARE 784 Asia Western Asia 24.137441 55.733956 Exact Operating Integrated Dry

L=} GACTAREOOO3 Dubai Dubai United Arab Emirates ARE 784 Asia Western Asia 24,998572 55.134171 Exact Operating Grinding

Il GACTAREQDD4 Ghalilah Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.972745 56.070834 Exact Operating Integrated Dry

ks GACTAREQDOS Dubai Dubai United Arab Emirates ARE 784 Asia Western Asia 25.00427 55.12941 Exact Operating Grinding

k] GACTAREQDDG Ras Al-Khaimah Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.548753 55.986541 Exact Operating Integrated Dry

2} GACTAREQDO7 Dibba Al Fujairah Fujairah United Arab Emirates ARE 784 Asia Western Asia 25.552944 56.226827 Exact Operating Integrated Dry

28N GACTAREODDS Ras Al-Khaimah Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.558872 55.985251 Exact Operating Integrated Dry

el GACTAREOOOS Abu Dhabi Abu Dhabi United Arab Emirates ARE 784 Asia Western Asia 24.315716 54,495748 Exact Operating Grinding

eEl GACTAREOOLO Eastern Region Abu Dhabi United Arab Emirates ARE 784 Asia Western Asia 24.040157 55.593386 Exact Operating Grinding

eES GACTAREOOLL Dubai Dubai United Arab Emirates ARE 784 Asia Western Asia 25.157152 55.242025 Exact Operating Integrated Dry

eE) GACTAREOO12 Adhen Village Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.386639 55.968218 Exact Operating Integrated Dry

el GACTAREQOL3 Ghalilah Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.975192 56.068896 Exact Operating Integrated Dry

2Pl GACTAREQD14 Ghalilah Ras al Khaimah United Arab Emirates ARE 784 Asia Western Asia 25.964045 56.069847 Exact Operating Integrated Dry

il GACTAREQDLS Al Sajaa Industrial Area Sharjah United Arab Emirates ARE 784 Asia Western Asia 25.296089 55.617005 Exact Operating Integrated Dry

3,117 cement production assets accounting for ~90% of global cement production capacity

https://www.cgfi.ac.uk/spatial-finance-initiative/geoasset-project/geoasset-databases/
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EO FOR ASSET IDENTIFICATION

0

100

150

300

Test set

Per-image scores

Quantify test set performance

Predicted segmentations

True positive rate

51,82, .-+,53¢

Out-of-sample Receiver Dperating Charsctaristic

- = ROC carve [2rea under curse= 051}

(1] 0z 04 e on 10
False pasitise Fate
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EO FOR ASSET IDENTIFICATION

New Plant

Known Plant

False Positive

Source: Spatial Finance Initiative, Astraea Inc
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EO FOR ASSET CHARACTERISATION

Legend

Plant area

@ Location of preheat tower Plant area

= Length of kiln @ Location of preheat tower

i : ' : - == — Length of kil
— Diameter of kiln \ ® 2011 Miphl ; i -
— Diameter of kiln

Source: Image © 2021 Maxar Technologies
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EO FOR ASSET CHARACTERISATION

'‘Capacity’
Media Reports Regression
S— »
S—

'Committed'
E Nature
Impact

Financial Filings Payback Period

Cargill | Dodge City, KS | 1991-2024

Imagery Date: 9/29/1991 37°44'07.87"N 99°57'22.2¢
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Tyson | Amarillo, TX
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ASSET RISK/IMPACT MODELLING

g NiFarmitoMarket

2025 Capacity:
2.3 million cattle p/ year

Cattle Slaughtered p/ Year

Capacity
3,000,000
2,500,000
2,000,000 / R
1,500,000
1,000,000
500,000
0
O M™~NOODO =N MDD © OO = NMTD OMNDNDO =W N M= D
2gRry888888888sgegssosssyggggsy
ot e o NN NN NN NN NSNS N NN SNNNNSNNNNNNN
e Seriesl

CH4 emissions p/ year from
inputs:
11.7 million co2eq

$200 million
capital injection in
2022

Payback Period:
~14 years

v

Committed Emissions:
163 million co2eq
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APPLICATIONS: RISK SCREENING

Legend
Size (MW)
+ Less than S0 MW
* Betwen 50 and 100 MW
¢ Betwen 100 and 150 MW
® Betwen 150 and 200 MW
® Graater than 200 MW
Distance to Protected Areas
® >60km
40-60 km
® <40 km
Protected Areas
Bl WDPA Protected Areas

Legend

Size (MW)

+  Less than 50 MW

* Betwen 50 and 100 MW
& Beatwen 100 and 150 MW
® Betwen 150 and 200 MW
@ Greater than 200 MW

No. Threatened Species withan 1km
® 03

4-5
® 5+

Density of Threatened Species (No. of Species)

0
. oo+

Power plants locations analysed against distance to protected areas and density/number of threatened species
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APPLICATIONS: INVESTOR ENGAGEMENT

® LowRisk ® MediumRisk @ High Risk
%9 CATELLICENGE  Dashboard o e &

ACTIAM employs satellite
deforestation 3925% s - =i

GAR
2 VDF Module

B
o © 10 ©3 e1
— 16 September 2019 , Next step towards sustainable investing

VOLUME ALK
ali Dashboard (y Oleofinos
50% +2525% Total Mills: 54 1 A
& Expart * s wewvms v Event ID: wOrbs3n_20210130
. £ deforestation event
soghoran s evrams
Supplier valume (Mt} 2020 v suppliel g 500, 101.09:
Lat: 1500, Long: 101.094
P " 1o . [”]
B Settings COMPANY TOTAL 2000 1000 50
) wilmar 500 500 1 8 o
5 P e
cargil 500 a00 £ [ .
| GAR 400 180 a0 SN e
/- = Logout . Timel
sunge .
. tellit
Total Deforestatic

' Investors representing . .
over €1.8 trillion in as- 37%

sets urge companies to » rTer - -

advance no-deforesta- L , -

“ tion efforts -

Source: Satelligence )

Source: Actiam

— 05 November 2020 , Action to end deforestation
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APPLICATIONS: CREDIT RISK

All-In-Coverage Ratios Of U.S. Counties’ Water Utilities

L

FL o

Source: &P Global Ratings,
Capyright @ 2020 by Standard & Poor's Financial Services LLC. All rights rasarved.

All-in-coverage ratios
B -35-10
1.0-1.6

1.6-20

Space, The Next Frontier: Spatial Finance and Environmental Sustainability
Source: S&P Global

U.S. Public Water Utilities' Credit Metrics May Be Supported By Natural Water
Storage In Ice And Show

5.0
4.5
4.0
3.5
3.0
25
2.0
1.5
1.0
0.5
0.0

® Median

u Mean

All-in-coverage ratio (%)

With ice and snow Without ice and snow
Ecosystem
Source: S&P Global Ratings.
Copyright © 2020 by Standard & Poor's Financial Services LLC. All rights reserved.



FUTURE WORK AND
RECOMMENDATIONS

CE¢s (esa

Future work

+ Create databases for new high impact industries

« Connect asset-level data with EO based proxies for environmental risks/impacts

- Connect asset-level data with ecosystem service maps and environmental accounts

Recommendations to ESA for future R&D and policy-related activities

« Importance of ready to use products and analysis-ready data for non-expert users
« Connecting EO data and derived products with other open public asset/environmental data

« Research funding to integrate non-spatial economic, financial and industrial data with EO

19
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THANK YOU

https://www.cgfi.ac.uk/spatial-finance-initiative/

Christophe.Christiaen@smithschool.ox.ac.uk


https://www.cgfi.ac.uk/spatial-finance-initiative/
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