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Abstract

Earth observation data has significant potential to support sustainable finance. However, despite the
interest and rapidly growing availability of earth observation data, uptake and integration is low
within the sector. We explore the barriers experienced by the UK financial sector in using earth
observation data for sustainable investment decision-making. We take a reflexive approach to explore
the intersection of earth observation technology development, sustainable finance and responsible
innovation with the intention of identifying opportunities to share understanding and increase
responsible uptake within the sector. From our insights, we set out the stakeholders of earth
observation data, their data needs and five challenges to the uptake of earth observation data for
sustainable financial decision-making. We develop a baseline of needs across stakeholders and
propose the inclusion of responsible innovation principles to support the development of earth
observation applications for the sector.

Keywords: earth observation; responsible innovation; sustainable finance

Introduction

Climate and nature considerations need to be rapidly integrated into mainstream financial
decision-making to transition the world to meet sustainability goals. Finance that considers
environmental, social and governance factors (ESG) in financial decision-making (Schoenmaker &
Gardner, 2017), supports the implementation of the Sustainable Development Goals (SDG) (Ziolo et
al., 2021) and broader stakeholder value (Ozili, 2023) has surged in recent years. The impact investing
market exceeded $1 trillion in 2021 for the first time (Hand et al., 2022). In 2021, in the run up to
COP26, the Glasgow Financial Alliance of Net Zero (GFANZ) bought together 450 firms representing
more than $130 trillion of private capital to commit to transforming the economy to net zero by
aligning portfolios with the global target of limiting warming to 1.5 °C. Alongside this commitment,
there was a surge in net zero pledges by corporate and financial institutions, evidencing the
heightened recognition of sustainable finance.

Despite the surge of interest in sustainable finance, there is no single or universal definition.
Here we take the definition of Migliorelli (2021) as “finance for sustainability” and consider the
sustainability dimensions of ESG factors to meet sustainability goals. Monitoring and reporting on
environmental and social factors of investments is challenged by a lack of reliable, consistent and
timely information (EY Global, 2021). Currently the sector relies on self-reported, non-financial
disclosures alongside inconsistent external or unstructured data sources (Jonsdottir et al., 2022).
These data sources can be inaccurate, inconsistent, or not timely enough for effective decision making.
According to a survey by consultancy EY, 46% of asset managers and 35% of banks view the lack of
real-time information as a limitation on the value of ESG data and 50% of asset managers see a lack
of forward-looking disclosure as limiting the value of ESG reporting (EY Global, 2021). Currently,
ESG specific data providers produce aggregated ESG metrics from a range of self-reported and proxy

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0510.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2026 d0i:10.20944/preprints202601.0510.v1

2 of 16

data that is often qualitative for environmental and social factors. ESG ratings have been shown to be
inconsistent (Gangi et al., 2022) correlating on average only 54% of the time, differing in scope,
measurement and weightings (Berg et al., 2019) making them an unreliable metric of a company’s
ESG performance. In addition, companies that disclose more data are more likely to be rated higher
due to a potential ‘quantity bias’ favouring companies that produce more ESG data regardless of the
quality (Chen et al., 2021). Despite these data problems, demand for sustainable funds continues to
grow (Christiaen, 2023), increasingly with bottom-up demand from investors and customers
demonstrating the urgent need to transition finance into green funds.

Nature and climate are inherently complex to measure and monitor (Patterson et al., 2022). The
focus on metrics to represent ESG fails to capture the complexity of a business’s decision-making (In
et al.,, 2019) overly focusing on singular measures whilst obscuring important insights into outcomes
and broader values (Howard-Grenville, 2021). Investors are increasingly undertaking stewardship
and engagement activities with clients and investees as a way to holistically influence companies to
more sustainable operations rather than divestment (Christiaen, 2023). This approach makes use of
more granular, system-wide data rather than aggregated ESG metrics which widens the focus to
capture information on processes and systems governing outcomes and impacts rather than just
inputs (Howard-Grenville, 2021).

A consequence of the lack of quality ESG data is that trust and confidence in sustainable
investing has become eroded and accompanied by criticism and greenwashing allegations. This has
led to several measures to try to address the problem. In an effort to build trust in the sector, the
Financial Conduct Authority proposed a package of new measures to avoid greenwashing in the ESG
market (Financial Conduct Authority, 2022). Emerging regulation mandating disclosures by the Task
Force on climate-related financial disclosures (TCFD) and Taskforce on Nature-Related Financial
Disclosures (TNFD) are driving a surge of interest in alternative ESG data sources. These emerging
standards aim to bring consistency and transparency into companies climate and nature risks and
impacts accompanied by the development of decision-useful disclosure metrics (TCFD, 2022; TNFD,
2023Db).

For improved reporting and monitoring of ESG, independent and transparent data are required
with timely and reliable insights into both the impact of climate risk on companies and the impact of
companies on the environment (‘double materiality’). Earth observation (EO) data that draws on
advances in technology, artificial intelligence and computing power, is a powerful opportunity to
directly observe environmental impacts and risks across time and space (e.g., Boyd, 2009; Caldecott
et al., 2022; Guo et al., 2016; Singh, 2020), for climate (e.g., Fava & Vrieling, 2021; Le Cozannet et al.,
2020; Turner et al., 2016) and biodiversity (Anderson, 2018; Corbane et al., 2015; Pettorelli et al., 2014).
It is particularly promising for the financial sector because it is a neutral and unbiased source of
information, provides global coverage, is timely, enables monitoring of trends over time, is consistent
and assurable, and able to provide asset level insights (Caldecott et al., 2022). This concept of
integrating EO data and analysis for financial decision making was coined ‘spatial finance” by
Caldecott et al. (2022).

Spatial finance has the potential to enhance transparency within the financial system for both
practitioners and data providers and transform how sustainability is incorporated into financial
decision making. At its most basic level it involves the combination of asset level data (i.e., as a
minimum the location and ownership of a commercial asset) with observational level data providing
information about local conditions and environmental characteristics (Insight-Finance, 2020).
Observational data can be directly observed or measured by satellites or can be modelled using a
combination of satellite observations combined with other data sources (e.g., eDNA or in-situ
sampled data) (Christiaen, 2023).

The financial sector has long used geospatial data to understand risks and opportunities in
commodities trading (e.g., Clark & Murtaugh, 2017; Launay & Guerif, 2005), insurance assessments
(e.g., Black et al., 2016; de Leeuw et al., 2014), catastrophe modelling (Jones et al., 2017) and economic
data analysis (e.g., Elvidge et al., 2009; Henderson et al., 2012) although many EO applications are at
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an early stage (Christiaen, 2021). However, EO data brings specific challenges due to its size and
scale. Capitalising on the opportunity by providing specialist capabilities, the last few years have
seen a rapidly growing market of small, niche EO data providers focused on providing insights to
the financial sector, for example, near real-time monitoring of water stress (Watermarq), greenhouse
gas and methane emission detection (GHGSat, MethaneSAT) and exposure to deforestation in supply
chains (Global Forest Watch Pro). Whilst some financial institutions are starting to mainstream and
integrate more EO data into their practices and it is evolving rapidly, the uptake within the sector
remains limited (Insight-Finance, 2020).

Increasingly, emerging science and technology researchers and developers are encouraged to
include stakeholders and others into decisions about the technology’s development so that science
better serves both people and planet (Nature Editorial, 2018). Responsible innovation provides a
framework for this inclusive approach to the development of emerging science and technologies
upstream in the innovation process, allowing researchers to draw on stakeholder knowledge about
the context of the problem they are trying to solve, and taking small steps towards co-producing
science and technology that is both technically sound and socially robust (Owen et al., 2012; Stilgoe
et al.,, 2013; Voegtlin & Scherer, 2017). Responsible innovation emphasises that innovation would
benefit from the collective input of all stakeholders including researchers, policymakers, technology
developers, investors, regulators and civil society; essentially all the stakeholders involved with and
impacted by the innovation (Stilgoe et al., 2013). Whilst there has been some consideration of
responsible innovation within the finance sector (Armstrong et al., 2012; Muniesa and Lenglet, 2013;
Asante et al., 2014), there has been no exploration in spatial finance. Furthermore, there is an urgent
need for intradisciplinary financial research crossing the boundaries of finance, sustainability, nature
and climate that connects insights and extends dialogue from finance practitioners with the wider
community (Wéjcik et al., 2024) and knowledge transfer of environmental science into financial
decision making (Hillier & Van Meeteren, 2024).

To fill this gap, we take a reflexive approach to explore the intersection of EO technology
development, sustainable finance and responsible innovation with the intention of identifying
opportunities to share understanding and increase responsible uptake within the sector. We address
the need for more inclusive approaches by exploring stakeholder needs for EO as an ESG data source
and the perceived barriers to the uptake of EO data for sustainable investment decision-making. We
conclude by identifying some actionable insights to support the responsible development of EO as a
technology for sustainable finance. This paper will therefore be of particular interest to EO scientists,
product developers and policy makers to understand the financial sector needs for responsible
development in the field. The discussion is focused on the assessment of ESG risks and impacts,
nature and biodiversity risks and supply chain monitoring within the investment chain. The more
mature markets of insurance, commodity trading and physical climate risk are outside the scope of
this discussion.

Satellite Applications Catapult

The Satellite Applications Catapult (the ‘Catapult’) is a UK based government-backed
innovation agency with the objective to deliver growth in the UK space sector. Overseen by the UKs
innovation agency, Innovate UK, nine Catapults were established between 2011 and 2016 to bridge
the gap between research and industry, encourage long-term private investment and support new
collaboration in UK innovation (Science and Technology Select Committee, 2021). The Satellite
Applications Catapult was subsequently established in 2013 to capitalise on satellites as an emerging
commercial opportunity with the aim to capture a 10% share of the global space market by 2030
(Satellite Applications Catapult., 2023). It leverages satellite technologies and fosters innovation by
bringing together diverse stakeholders across industry, business and research to exploit the
innovation potential of UK industry and academia (Satellite Applications Catapult., 2023). Catapults
are considered independent, not-for-profit innovation centres with one-third of funding from
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government, and the other two-thirds from industry partners and collaborative R&D funding
(Science and Technology Select Committee, 2021).

The author participated in an 8-week immersion in the Catapult between July and August 2022
to conduct research with financial sector stakeholders to inform the ‘Space Commercialisation
Engine’, a commercial development support programme aimed at “accelerating innovative and
commercially viable EO ideas into the market” (Satellite Applications Catapult, 2024). This research
culminated in a report titled ‘Earth Observation for Sustainable Finance’ (Wilson, 2022) that was
produced for the Catapult’'s own use and from which this article draws. Through discussions with
financial sector employees, attendance at a sector conference and review of industry reports, the
experience enabled the author to make a “critical reflection from within” (Zwart & Nelis, 2009) and
reflect more broadly on the potential role of earth observation technology as an innovation for the
sustainable finance sector within the context of responsible innovation. Additionally, insights gained
have wider value to the research and practitioner community, to “demystify the complexity of
finance” (van Meeteren & Bassens, 2024) and thus support the responsible development of EO
technology that is responsive to the needs of stakeholders. This form of reflexive qualitative research
also has particular value to “help close the gap” and “enrich the interaction between researchers and
practitioners” (Ospina et al., 2018). Responsible innovation literature describes reflexivity as “holding
up a mirror to one’s own activities, commitments and assumptions” (Stilgoe et al., 2013). Therefore, within
this space of rapidly emerging technological innovation, reflexivity is an important component of
responsible innovation to contribute to the ethical and sustainable advancement of technological
solutions and addressing unintended consequences (Stilgoe et al, 2013). Such an approach
encourages early involvement of diverse stakeholders in deliberations (Voegtlin et al., 2022) and
creates an environment of introspection and critical reflection during the innovation process opening
the dialogue to consider ethical implications, potential risks and unintended consequences
(Lubberink et al., 2017). This approach therefore does not aim to create a complete assessment of the
landscape but through an immersive exploration, interpretatively identify insights to support the
responsible development of the use of EO data in the financial sector.

ESG Stakeholders and Their Data Needs

The following section describes the key financial stakeholders in the investment chain and their
data needs. Each stakeholder uses ESG data in different ways and therefore has different EO data
requirements (summarised in Table 1). Many of these needs and opportunities are not exclusive to a
single stakeholder but are intended as a representation of their priority needs. The investment chain
is complex with many different actors, yet these actors have similar information needs around risks
and data on ESG performance although they need it for different and often multiple purposes. As EO
data can be used at various points in the investment chain for ESG monitoring and reporting, Figure
1 provides a simplified visualisation of the opportunities for EO data in the investment chain (green
boxes) alongside the flow of money and data (blue boxes) for context. The key stakeholders in the
investment chain are also presented to illustrate the relationships between key stakeholders and their
data use.

Table 1. Stakeholders in the investment chain and their data needs and opportunities for EO data.

Role Data use Opportunity for EO data
Companies
Companies are required to make- To develop non-financial disclosures

i . . . . - Provide granular data for
non-financial disclosures under- Demonstrate their business &

TCFD and (in time) TNFD.performance and build trust with
Companies are increasingly callinginvestors and consumers

on suppliers to disclose their ESG- Benchmark against the sector
performance to monitor and manage- Provide information to improve
supply chain risks and impacts sustainability practices and policies
ESG Data Providers

disclosures and reporting

- Monitor real-time risks and
impacts to improve management

- Monitor supply chain risks and
hold suppliers to account
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- Gather data on companies ESG- Timely ESG performance and
performance for a range of datatrends over time from an
Specialist data providers whoproducts independent data source
collate data for ESG ratings to asset- Aggregation of ESG data at broad- Comparison within sectors using
managers and asset owners toscale sector level to generate ESGa globally consistent data source
inform investment decisions ratings - Ability to aggregate data from
- Provide risk analysis, equity screensnational to local level and across
and portfolio construction analysis  sectors

Asset Managers

- Assess a company’s performance to- Ability to monitor trends over

. , inform investment decisions andtime at a large scale
Monitor and manage a company’s

assets with the aim to maximise
return on investment. They use ESG
data to assess risks and impacts of
investments to inform portfolio
management

portfolio construction - Consistent data source providing
- Benchmarking companies againstability to benchmark within sectors
industry ESG performance - Granular bespoke real-time data
- Test portfolio  performanceto inform stewardship and
implications engagement activities

- Stewardship and engagement to- Active monitoring of ESG positive
influence sustainability performance investment opportunities

Asset Owners

- Monitoring trends over time from
independent source for long-term
investment portfolios

- Consistent and global data to
enable improved reporting to
customers and boards against

sustainability targets

These are the institutions and- Monitor lending and investment and
private individuals who ownunderwriting portfolios

(wholly or in part) the underlying- Monitor portfolios against
financial assets but entrust thesustainability commitments
management of those assets to an- Consider ESG risks and opportunities
asset manager. This group includesto assess resilience of long-term

ension funds, insurers, banks,investment portfolios
P ! ! ! P Independent data source to

sovereign wealth funds,- Stress testing of climate risk exposures . . .
4 .. . actively  monitor risks and
foundations as well as individual- Internal reporting to boards and . .
. opportunities for lending and
investors customers .
investments
Key: EO data inform tracking
of progress against
Earth observation sustainable development
opportunities goals
Flow of money, 8. Policymakers,
Idi":i and . academia and civil society
nfluence research, monitor and
—_— « track progress against
EO can provide real- - sustainable development
time information an ) goals
ESG risks for asset EO can provide 8
managers
timely and granular . =
data on ESG risk and EO can provide 5
2 Asset managers impacts for ESG » transparency to ¢ =
purchase ESG data . ratings _- companies en their o
Asset owners can use from multiple ESG supply chain risks and 3
EO data ta repart on data providers to - Impacts Q
the impact of their inform their portfolio 4. Companies 3 .
portfolios decisions report on their . o
ESG factors —lp - -—| < -
. £ . . through annual - @
compan a
—_— e 9. 9. Regulators assess
- R e - - ‘g_ risks within the system,
i : = vy corporate
7. Companies seek disclosures and hold
1. Investors invest with asset . ESG information from corporates to account
managers with an expectation of . —_— their suppliers to monitor Ap— on various
financial return and sustainability - supply chains environmental
impact - challenges
3. ESG Data Providers collate
a range of data to derive ESG . EO can provide
(g — — transparency to
- regulatars to verify
corporate disclosures and
£0 data is transformed A A A monitar greenwashing
into Investor level H H . claims

5. Salellite imagery data is made iesights By spacalist
available either through open- providers -
source providers o commercial 6. Specialised earth observation .
providers analytic companies produce Key: & Asset manager g Company il Regulator

——mmm—  cospatial insights from satellite

[ ] [ ]
v S gy o Assetowner g Data provider Supplier Policymaker

Figure 1. The flow of money, influence and data in the investment chain (blue boxes) and the opportunities for

EO data (green boxes).
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Companies

Companies are required to disclose non-financial information about their ESG performance,
risks, impacts and sustainability strategies driven by investor demands and emerging regulations
such as TCFD and TNFD (TCFD, 2017; TNFD, 2023b). Non-financial disclosure reports, typically
released annually, enable companies to be transparent about the risks and opportunities they face.
Emerging mandatory reporting requirements include the ‘double materiality’ concept, requiring
assessment of not just the risks arising from the environment on the company, but also the impact of
the company on society and the environment, which in turn creates financial risk. A company’s ESG
performance can directly relate to its ability to attract investment with the majority of investment
professionals believing that ESG programmes create shareholder value (McKinsey & Company,
2020). Prioritising the collection of accurate ESG data can be used by the company to communicate
their sustainability efforts to investors and to ensure that the company uses the “right” sustainability
data for assessments.

Companies will collect a range of non-financial data on material environmental, social, and
governance factors to compile non-financial disclosure reports for investors and partners.
Additionally, companies are increasingly asking their vendors, suppliers, and partners to disclose
their ESG data to understand impacts within the supply chain and to incorporate supply chain ESG
risks and impacts into their own disclosures. In addition to mandatory disclosures, companies can
use ESG data to showcase business performance, demonstrate improvements, track goals and
commitments, and build brand sustainability and trust with investors and consumers. ESG data can
also help the company benchmark against the sector in terms of sustainability metrics, providing a
source of information for actionable gap analysis to help internal advocates promote change and
highlight areas of weakness to inform improved practices and policies.

The potential for EO data to companies is in the ability to provide real-time ESG data to support
companies to take control and quantify their ESG impacts and risks for monitoring. It can also be a
source of data to identify and monitor impacts within their supply chains and hold suppliers to
account. Companies need data that they can easily track, that is current and accurate, cost-effective
and delivers data in a clear, timely manner with actionable insights. For more accurate reporting and
to provide assurances to investors that the company is positioned and well managed, data needs to
enable them to quantify ESG impacts against metrics and be consistent and transparent.ESG Data
Providers

ESG data providers play an important intermediary role by gathering and assessing information
about companies’ ESG practices and offering equity screens, portfolio construction and analysis,
competitive benchmarking, and risk analysis to financial institutions. This group includes the large
market data providers such as Bloomberg and MSCI, the ESG exclusive data providers such as
Sustainalytics and other specialised data providers. Increasingly, small niche EO specialist providers
are emerging to provide EO derived insights to the financial market but as yet the market remains
unconsolidated.

Data providers incorporate data from multiple publicly available sources to aggregate and
generate ESG ratings. The larger data providers offer a range of ESG data products including climate
change metrics, sustainability impact metrics and ESG controversies. They include a wide range of
data to inform these products both quantitative and qualitative. This includes information from
companies such as mandatory disclosures, sustainability reports or annual reports; external data
sources from media, regulators, information on litigations and penalties e.g., to inform ESG
controversies; and specialised datasets that could include geospatial data and climate or nature
metrics.

EO data has the potential to play a significant role in providing ESG data providers with ESG
performance and trends over time from an independent data source. ESG data providers have an
interest in broad scale sector level data, from a sub-national to local-level resolution, in a format to
enable aggregation and dis-aggregation of data for different purposes. This makes the global and
consistent nature of EO data a valuable source. Data at a global level needs to be standardised and
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comparable across sectors and geographies and timely in that it is regularly updated and can be used
to track the impact of events and see trends over time. The format of data should be either already
processed or with ease of processing and interrogation. It needs to be in an easily accessible format
which could include online mapping tools, direct downloads or APIs that can be integrated into
existing workflows. EO is only one source of data informing ESG ratings and so EO insights need to
be available in a format that can be integrated with other geospatial and non-geospatial data.

Certainty is needed to confidently attribute an environmental impact to a company if the data is
to be included in ESG ratings. There is therefore a balance to be struck between cost and complexity
of processing with resolution and granularity of data. Many ESG data providers already have
experience working with and integrating geospatial data into their processes. However, due to the
scale and specialism required for EO data, ESG data providers often lack in-house resources, both
capacity and capability, and computational power to process and interrogate EO datasets themselves
and draw insights. On the other hand, more specialist providers appear interested in developing
capacity and competency in-house to provide a competitive edge.

Asset Managers

Asset Managers manage and monitor a company’s assets on behalf of asset owners or individual
investors with the aim to maximise the return on investment. Non-financial factors are being
increasingly recognised as having a material financial impact on a company’s performance
(McKinsey & Company, 2020) therefore investors may use ESG criteria to assess a company’s
performance to inform investment decisions and portfolio construction. ESG data can be used in
benchmarking companies against industry ESG performance, relative to the sector, against its peers
and test performance implications of excluding that company from a portfolio. Asset managers are a
large and diverse stakeholder group. Their data needs will vary significantly depending on the
investment strategy of a particular portfolio. For example, in alpha investing (a type of investment
strategy that seeks to generate returns by outperforming the market), investors are interested in
granular data that is not readily available in order to leverage a competitive advantage (Young In et
al., 2019). In contrast, equity investors may be more interested in the temporal frequency of data as
they rebalance their portfolios on a monthly or more regular basis (Young In et al., 2019). EO can be
of particular relevance to institutional investors, who in contrast, may want access to detailed,
granular data with temporal trends to provide insight and confidence to make long-term investment
decisions.

Impact investing is a type of investment strategy that seeks to bring about positive social and
environmental improvements whilst delivering financial returns through actively investing in
positive environmental and sustainability projects (Global Impact Investing Network, 2023). In
contrast, impact investors use ESG data to identify positive opportunities rather than for negative
screening (i.e., who not to invest in). They therefore use granular ESG data to measure and monitor
the social and/or environmental impact created through investments and for portfolio reporting to
clients and progress against sustainability targets. As well as using ESG data to determine where to
invest, bespoke company level data can be used for stewardship and engagement of portfolio
companies to influence performance and progress against sustainability targets. Asset managers see
that active stewardship with companies, particularly those that are in hard to abate sectors, can in
some cases speed up the journey to sustainability rather than divesting. Where engagement does not
succeed, data may be used for proxy voting.

Asset managers need an objective way to assess the ESG performance of a company as they are
more dependent than banks and insurers on publicly available sources of non-financial data. They
are interested in broad industry level data and the ability to monitor trends i.e., ‘roughly right” at a
larger scale rather than high accuracy at a local level. More granular bespoke data at the company
level is more useful for active stewardship and engagement activities to influence companies in their
transition plans. EO data needs to fit within existing processes currently requiring geospatial insights
to be aggregated into values and metrics to be able to incorporate into financial decision- making
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processes. Often the format of granular ESG data is not compatible with current processes due to
inherent complexity and spatiality requiring a change in the way that data is handled and interpreted.
Many asset manager institutions are unlikely to develop the specialist in-house resource and
capability to use alternative ESG data like EO data, so require investor ready data from external
providers. Conversely, impact investors have slightly differing needs as they are interested in using
EO data to identify and monitor environmentally and socially positive investment opportunities at
the company level so are more likely to develop resource and capacity in-house. Asset managers are
mainly interested in working with a few providers of ESG data requiring the market to consolidate.
They want transparent and robust methodologies from ESG data providers and seamless integration
into existing workflows. As a result, buying in data from niche specialist providers is unattractive to
many asset managers as there is a lack of clarity on methodologies and in interpreting results. Asset
Owners

Asset owners appear increasingly interested in aligning their portfolios with sustainability
targets and assessing the long-term resilience of their funds. Within this group of stakeholders, banks
monitor their lending and investment portfolios and insurance monitor their underwriting portfolios
against ESG factors. Asset owners integrating ESG considerations into their investment processes are
considering a wide range of climate or environmental related risks and impacts and are increasingly
making sustainability commitments in response to consumer demand. Insurance institutions also
quantify and predict climate risk for their physical assets to inform insurance premiums, however
this should not be confused with ESG reporting and is outside the scope of this paper. Asset owners
often hold long term investments which require understanding, identifying and managing ESG risks
and opportunities to rigorously assess the long-term resilience of their asset allocation, portfolio
construction and risk management decision-making processes. A number of asset owners were seen
to be incorporating ESG into portfolio construction to identify unintended risk. Likewise, banks are
seen to be using ESG data to monitor lending and investment portfolios risk and impacts. ESG data
is used in stress testing of climate risk exposures against scenarios to be able to address and oversee
these risks within the company’s overall business. It is used in internal reporting to investment/risk
committees, boards as well as external reporting to stakeholders and customers against sustainability
targets and commitments. It is also used to integrate sustainability criteria into their internal credit
score and report on green/sustainable bonds. More asset owners are reporting on climate risk
exposure and alignment with the UN Sustainable Development Goals. The need to engage with
stakeholders and communicate ESG portfolio characteristics is driving a need for greater
transparency. Banks appear to have an awareness of the potential of EO for ESG monitoring but are
still early stage in developing techniques and approaches for deriving insights. Some larger banks
are building capability and capacity in-house with the aim to build their own ESG frameworks and
models that are specific and relevant to them. The challenges of using EO data

Here we identify and describe five dominant challenges (Table 2). It is worth noting that
stakeholders do not experience lack of data to be the main barrier or challenge. Instead, interpretation,
accessibility, quality, format, relevance, scale, and transparency as their primary challenges of using
EO data.

Table 2. Challenges of using EO data within the financial sector from stakeholder perspectives.

Challenge Description

Lack of stakeholderFinancial institutions face challenges in utilizing data for decision-
awareness, capacity, andmaking due tolack of use cases, resources (capability and capacity), and
demand domain knowledge for interpretation.

Availability and format ofChallenges in utilizing EO data for investors include incompatible data
satellite imageryformats, a fragmented specialist analytics market, and inflexible data
incompatible with investorintegration impacting the ability to engage with specialist EO data with
needs confidence.
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. . Ethical data considerations arise from lack of consistency and
Lack of consistency in . s . L )
transparency in EO specialist providers which risks greenwashing and
methods and standards . .
reduces trust. Environmentally relevant observational datasets may

risks greenwashin . . o .
5 5 have data source biases and risk missing less measurable ESG issues.

For EO data to be useful to financial institutions, temporal resolution is
required to be able to consider trends at scale, over time. Additionally
gaps in asset level data and ability to attribute environmental impacts
with certainty limit the confidence with which EO data can be
integrated into financial decision-making.

Availability and quality of
data restricting application

Perceived readiness of dataEO applications are not perceived by all stakeholders to be
inappropriate forcommercially ready and scalable yet. Technology and methodologies
investment and regulatoryneed to be proven to be completely reliable before it can be used in
needs regulation and meet the requirements of the legal process.

Challenge 1: Lack of Stakeholder Awareness, Capacity and Demand

There is no shortage of EO data, but rather a lack of understanding of how data can be used to
derive information that is decision-relevant for stakeholders. Asset managers often need more use
cases to enable them to see the way that EO data can be understood and benefit them. In general, the
financial community has low awareness about the advancements and availability of novel EO data
and the potential for it to enhance their decision-making, making it hard to articulate their data needs.
Therefore, until asset managers, as the main customers of ESG data providers, expect and request EO
enhanced data, the established vendors will not actively develop the means to provide it. Awareness
is growing in the UK due in part to several initiatives driven by the Spatial Finance Initiative, Satellite
Applications Catapult and European Space Agency alongside TCFD and TNFD discussions and
developments and collaborative industry reports (Patterson et al., 2022) although may still need to
filter across the sector. Due to the technical nature of EO data, financial institutions and ESG data
providers were seen to currently lack the resources (both capability and capacity) and the
computational power to draw insights from satellite imagery. For ESG data providers to incorporate
satellite data into existing workflows would require a substantial increase in resource with specialist
skills that is not currently available in-house. In comparison to existing geospatial capabilities, the
computational power requirements for the analysis of EO data is a particularly limiting factor that
requires investment by institutions. Additionally, understanding science-based metrics requires
specific domain knowledge, without which it is a challenge for financial institutions to use the data
and interpret the results appropriately.

Challenge 2: Availability and Format of Satellite Imagery Incompatible with Investor Need

The availability of EO data and EO specialist providers is booming. However, the rapidly
growing EO analytics market is currently fragmented restricting accessibility for financial institutions
and data providers as it requires working with many small companies for niche products. As the
market is still evolving and maturing, financial institutions appear reluctant to invest in establishing
relationships and procuring data as small niche providers are likely to be bought out or cease trading.
For this reason, ESG data providers reported they will not risk establishing commercial relationships
and developing new workflows without certainty of longevity. Technical EO data products
developed by specialist providers are not always readily available in an investor appropriate format
and compatible with investors existing processes. Typically, EO data insights are provided as
shapefiles, GeoTIFFs, KML or web-based APlIs that are difficult to translate into existing investor
decision-making processes. This is compounded when these diverse data sources do not easily
integrate creating a barrier for asset managers to use EO data confidently in their processes.
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Challenge 3: Lack of Consistency in Methods and Standards Risks Greenwashing

Consistency in metrics is key to be able to measure trends over time and compare between and
within industries. The TNFD (TNFD, 2023b) and TCFD (TCFD, 2021) are creating consistency in
company disclosures through the development of reporting metrics and indicators which go some
way to help standardise ESG reporting. However, due to commerciality, there is often a lack of
transparency in the methods and algorithms employed by specialist EO analytics providers to
produce metrics. This leads to inconsistency risking greenwashing and reducing trust in EO products
as has been seen already within the ESG ratings market to date. Commercial providers may overstate
the ability of their products and financial institutions may not have the time or resources to scrutinise
the details of methods used (Patterson et al., 2022). In recognition of these pitfalls, Rossi et al. (2024)
proposed a geospatial ESG scoring framework to support consistent assessment of environmental
impacts by corporates and investors using EO data.

Due to fragmentation in the market, the complexity of data, interpretation and computational
power required to turn EO data into useful insights, many financial institutions are likely to use ESG
data providers to translate EO information into useable scores. On the other hand, due to the
importance of measuring progress against environmental and social goals, impact investors are more
likely to develop in-house resources and capability, to enable them to have fuller understanding and
insight into datasets and their application. Without consistent methods across the industry, there is a
risk that data gaps get filled with sub-standard data, the most preferable scores are cherry-picked
from commercial providers and data is inappropriately interpreted creating negative consequences
in how EO data is used in financial decision making. In recognition of these limitations particularly
in nature-related data, a high-level scoping study by the TNFD (TNFD, 2023a) proposed the creation
of a global nature related public data facility. The aim would be to “connect existing but disparate nature
data sets to a shared point of access to enhance accessibility” and improve consistency through creating
common nature data methodologies and standards. The vision includes enabling public and private
sector analytics to sit on top of the foundational data stack so that decision making would be more
robust, transparent, and reproducible.

Challenge 4: Availability and Quality of Data Restricting Application

Lack of confidence in the quality of data for investor decision was observed to be currently
affecting uptake. Quality of data is affected by bias, data limitations, data gaps and resolution.
Insights risk being biased, or errors compounded when multiple indicators are derived from the same
EO source datasets particularly with the move towards more complex assessments and modelled
insights. Biodiversity impacts are particularly difficult to define with confidence to a local level and
at a global scale. As stated by the TNFD “Nature-related [data] is still not current, consistent or
comprehensive, nor accurate enough to provide the level of confidence and assurance required by data users”
(TNFD, 2023a). Whilst existing datasets may provide useful insights, they cannot be treated as a
definitive source of biodiversity impact due to the limitations and complexity of measuring
biodiversity (Patterson et al., 2022). There is also a bias towards what is more easily measurable
ignoring the more difficult to measure aspects of nature. For example, EO derived biodiversity data
tends to be skewed towards the terrestrial zone as the marine zone is much more complex to quantify
and less technically advanced. This creates a risk of bias towards certain ESG issues and ultimately
biasing financial decision-making.

There is a trade-off between higher temporal and spatial resolution datasets with the cost and
computational power required. Open-source EO data such as from the European Space Agency (ESA)
Copernicus programme and NASA Landsat are limited in spatial resolution compared to
commercially available high-resolution imagery but may lack the temporal record of longer satellite
programmes. The resolution required depends on the task, but many biodiversity impacts require
high resolution imagery. As assets of interest to financial institutions are often small, to be able to
observe impacts (e.g., deforestation, pollution events etc) at the asset level requires high resolution
observational datasets (Patterson et al., 2022). Open-source observational biodiversity datasets can be
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unreliable and lack historical data to consider trends over time. Of 105 open-source biodiversity
relevant datasets listed on the UN Biodiversity Lab only 38% had values for more than one year and
19% had consistent records for over 5 years (Patterson et al., 2022).

A significant challenge is in accurately attributing environmental impacts with certainty to
individual companies particularly in urban areas. For example, often assets of interest are in urban
areas complicating the ability to attribute impacts (e.g., emissions) with confidence to a specific
company in close proximity to other assets.

Gaps in asset level data (specifically, the exact asset location with a minimum of ownership
information) inhibit the ability to understand the impact of and risks to assets and along supply
chains (Caldecott et al., 2022). This is key to be able to derive insights on risks, opportunities, and
impacts. Unfortunately, comprehensive and global datasets in many sectors are rare and also
challenging to create. Agricultural supply chains are particularly lacking and challenging due to the
complexity of supply chains and ownership. Whilst ESG data providers hold their own asset location
databases, they are often not complete. As described by Caldecott et al. (2022) it is possible to develop
asset-level databases using geospatial techniques and artificial intelligence (e.g., computer vision) to
map industrial facilities and NLP methods to extract asset information. A project of particular note
that is creating advances in this area is the GeoAsset Project led by the Centre for Greening Finance
Initiative which has developed global asset databases for high impact sectors including the cement
and steel sectors (McCarten et al., 2021; Tkachenko et al., 2023).

Challenge 5: Perceived Readiness of Data Inappropriate for Investment and Regulatory Needs

Due to many of the challenges discussed already, EO applications are considered by some
financial institutions to not be commercially ready and scalable yet. For some stakeholders there
appears to be an internal perception that the emerging methods and data sources are not proven so
reducing the extent that it is appropriate to incorporate EO into internal financial decision-making
processes. Stakeholders need to see methods that are established and proven to have the confidence
to consider investing and incorporating EO into their processes. Readiness, however, is a particular
challenge for regulators. Technology needs to be proven to be completely reliable before it can be
used in regulation as the legal process requires data to meet a certain standard and use established
methodologies. Governments are challenged by the rate of change in technology and not always
sufficiently agile to keep apace. Civil society and NGOs also have an important role within oversight.
They have an interest to track progress against international agreements and implementation of the
UN Sustainable Development Goals as well as scrutiny against regulatory requirements. One of the
benefits regularly extolled for spatial finance is transparency for all stakeholders. However, due to
the costs of commercial EO datasets, there is a risk that NGOs become priced out and unable to access
the higher resolution commercial datasets limiting the opportunities for transparency and scrutiny.

Discussion and Conclusions

This article sets out a baseline of stakeholder needs to facilitate cross-sector and interdisciplinary
understanding of the challenges and barriers facing the uptake of EO data in the financial sector in
order to support inclusive approaches and broader responsible development of this technology.
Advances in satellite data has enabled a massive growth in available, consistent, high-resolution data
for monitoring assets and the impacts of financial investments. However, whilst the potential of EO
data has been established elsewhere, consistent uptake of the technology to enable sustainable
investment decision making remains limited. This research identified the key stakeholders in the
investment chain, their data needs, the opportunities for EO data for each followed by five challenges
within the financial UK sector. Specifically, this article makes three contributions.

First, there are multiple stakeholders of EO data within the financial sector with multiple and
differing data needs requiring applications to be developed in user-specific ways. Stakeholders go
beyond investment decision makers and include civil society, regulators and policy makers. It is
important for technology developers to recognize the diversity of stakeholders and not view the
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financial sector as a single unitary user. Doing so will increase the likelihood that EO data usefully
impacts the sector by addressing specific needs.

Second, rather than lack of data, five challenges to the uptake of EO data were identified: 1] lack
of stakeholder awareness, capacity and demand; 2] availability and format of satellite imagery
incompatible with investor needs; 3] lack of consistency in methods and standards; 4] availability and
quality of data restricting application; 5] perceived readiness of data inappropriate for investment
and regulatory needs. Currently, these challenges create barriers to the uptake of EO data in the sector
by not providing the level of confidence and assurance required by stakeholders at a time when rapid
transition is possible. These challenges are not unique and similarities have been seen in the uptake
of technology and data within other related sectors including; lack of data continuity, data quality,
spatial resolution (de Leeuw et al., 2014), real-time accessibility, inconsistent global solutions (Senol
Cabi et al., 2021), data sharing barriers (Timms et al., 2022), translation of metrics to stakeholder needs
(Hillier et al., 2023), lack of in-house capability (Bank of England, 2022), and lack of understanding of
the technology potential for the sector (de Leeuw et al., 2014).

Third, if EO data is to be relevant to the breadth of stakeholders within the financial sector and
enable them to make sustainable financial decisions, EO data providers need to engage with
stakeholders to better understand their specific needs and the challenges facing data uptake. Such
engagement will enable the responsible development of EO data so that it contributes to the
development of a transparent system capable of delivering sustainability outcomes across the whole
investment chain. All new science and technology emerge in sectors with multiple players with
different vested interests and degrees of power (Von Schomberg, 2013). Technology trajectories are
shaped by these actors and therefore without broader and inclusive foresight processes and
assessment of impacts beyond market benefits and risks, there is a danger that EO data will evolve
to serve the interests of the few at the expense of achieving its full potential and delivering the
sustainability outcomes required for a just sustainable transition. Whilst regulatory oversight is
necessary for evidence-based, consistent and just application, it needs to be preceded by regulatory
insight with sufficient understanding of the challenges faced by the sector to create effective policies
and legislation (Vinuesa et al., 2020).

The challenges identified here raise important ethical considerations for the application of EO
data into financial decision-making where non-experts are the end-users of algorithmic models and
may not have the data literacy to appreciate the limits or applicability. Transparency and explicability
(Jobin et al., 2019; Khan et al., 2022) are key principles to provide accountability and fairness. This
should involve an interpretable explanation of methods behind EO applications, including factors
such as uncertainty, timeliness, completeness, sampling method, provenance, and volume of training
data (Tsamados et al., 2021). Inconsistency and gaps in datasets required for EO applications requires
scrutiny and interpretation for financial decision-making to avoid creating “umnjustified actions from
inconclusive evidence” (Tsamados et al., 2021). For algorithms to be designed and deployed in a fair
and equitable manner, they need to take into account the potential impact on different groups of
stakeholders (Tsamados et al., 2021).

Responsible innovation offers a framework and process for responding to these challenges.
Bringing together actors from the EO community and financial sector for greater collective
deliberation can create open and honest dialogue during the innovation process and ensure that EO
product development meets investor needs (Lubberink et al., 2017). Integration, not just between
stakeholders and developers but also collaboration across research, policy, industry and civil society
can create the conditions to deliberate on the challenges of transparency, accessibility, availability
and interpretability of data and methods. Furthermore, the co-ordination and transfer of knowledge
and learning across sectors responding to similar challenges (Hillier & Van Meeteren, 2024) can
expediate the responsible uptake of technology to support the sustainability transition.

There is a need to inclusively open up visions, purposes and questions for collective deliberation
(Owen et al, 2013) so that all stakeholders become mutually responsive to each other (Von
Schomberg, 2013). This opening up and knowledge co-production is increasingly being encouraged
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by funders e.g.,, UKRI and the EU Horizon programme as well as by key scientific organisations
(Nature Editorial, 2018). The inclusion of stakeholders upstream in the innovation process can help
steer EO data to achieve more sustainable and societally desirable outcomes (Lubberink et al., 2017)
whilst being responsive to the environmental challenges facing society (Voegtlin et al., 2022; Von
Schomberg, 2013). Stirling (2008) and Voegtlin et al. (2022) argue that this ‘opening up” of decisions
about the direction of technology results in ‘better’ technology capable of ‘doing good’. Satellite
applications in the financial sector and the development of EO data is such an emerging technology
with the potential to ‘do good’. However, such a trajectory should not be assumed or taken for
granted. Sitting at the intersection between industry and research and tasked to drive innovation, the
Satellite Applications Catapult has an important role to play in supporting satellite applications in
the financial sector. It also has the potential to be a key actor in the responsible development of ‘better’
EO data to maximize value to both the sector and society.
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