
A 30-year investigation into governance, risk, and ethics —
and why actuarial judgment now shapes humanity’s future.

THE ETHICAL ACTUARY



This paper is structured to be read modularly. Core principles establish the ethical and actuarial
framework, while applied sections and appendices provide concrete policy and system-level
examples. Readers may engage sequentially or reference sections independently depending on
context.

For much of the last century, actuarial judgement operated within defined boundaries: pricing risk,
assessing probability, and advising institutions within known social and economic frameworks. That
world no longer exists.

Today, actuarial models increasingly sit upstream of policy, automation, and governance itself. Risk
assessments influence capital allocation, access to services, regulatory compliance, and long-term
societal outcomes — often at scale, and often without a clear line of professional accountability.

This shift does not make actuaries less relevant. It makes their ethical judgement more
consequential than ever.

The question is no longer whether global frameworks, sustainability targets, and automated decision
systems will shape the future — they already do. The real question is whether actuarial professionals
remain conscious stewards of that influence, or become passive operators inside systems whose
outcomes they no longer fully control.

This paper exists to make that distinction visible — and to offer a path forward grounded in ethics,
responsibility, and professional integrity.

A Message to Actuaries,
Risk Leaders, and
Stewards of the System
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The Ethical Actuary is an independent research and advisory initiative focused on the intersection
of actuarial judgement, governance, risk modeling, and ethical accountability in complex systems.

Our work examines how probabilistic models, compliance frameworks, and sustainability metrics
increasingly shape access to capital, public services, regulatory outcomes, and long-term societal
trajectories. As decision-making authority shifts from individuals to systems, the role of professional
judgment becomes both more consequential and more obscured.

We operate at the boundary between technical rigor and ethical responsibility — translating
actuarial logic into transparent decision pathways that can be understood, interrogated, and
governed by humans, not merely automated processes.

This report reflects a long-form investigation into how actuarial tools are currently used, where
accountability is diluted, and how ethical stewardship can be structurally re-embedded into risk-
based decision systems. All pages are hyperlinked for easier viewing.

Readers seeking concrete international policy examples and real-world algorithmic pricing scenarios
are directed to Appendix A and Appendix B.
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Ethical Actuarial
Judgment: Principles and
Boundaries

Modern actuarial work increasingly informs systems that operate at scale and with limited
transparency. In such environments, ethical judgment is not confined to outcomes alone, but
embedded in upstream decisions: data selection, proxy variables, model constraints, and
tolerance for uncertainty.

When judgment is deferred entirely to automated processes, responsibility does not disappear—
it becomes obscured. Ethical actuarial practice therefore requires clarity around where human
accountability begins and where it must not be surrendered.

The Role of Judgement in an Automated Age

Actuarial judgement has always operated at the intersection of mathematics, uncertainty, and
human consequence. While models quantify risk, judgment determines how those models are
constructed, which assumptions are selected, and where responsibility ultimately resides.

As actuarial influence expands into automated systems, sustainability frameworks, and policy-
linked decision-making, the need to clearly articulate ethical boundaries becomes not optional
—but foundational.
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Every actuarial model reflects a series of human choices: which risks are included, which are
excluded, how uncertainty is treated, and whose interests are prioritized. These decisions shape
not only predictions, but real-world consequences affecting access to capital, insurance,
services, and opportunity.

Ethical boundaries demand that actuaries remain conscious of how model design choices may
amplify bias, normalize harm, or create false objectivity. Transparency around assumptions and
limitations is not a technical preference — it is a professional obligation.

Model Design as an Ethical Act

As actuarial outputs are increasingly integrated into policy frameworks, regulatory mechanisms,
and automated decision systems, the question of accountability becomes more complex.
Delegating decision authority to systems does not absolve professionals of responsibility for
their downstream impacts.

Ethical judgement requires clear limits on delegation. Actuaries must be prepared to challenge
system outputs, escalate concerns, and refuse participation where models are used beyond their
intended scope or without adequate governance.

Delegation, Accountability, and Professional Limits



Climate Risk Case Study:
Decision Pathways

Certain dimensions of risk cannot be resolved through quantification alone. Long-term societal
impact, intergenerational equity, moral hazard, and systemic fragility require human
discernment informed by experience, ethics, and professional courage.

Maintaining ethical boundaries means recognizing where models inform decisions — and where
they must not decide. The enduring role of the actuary is not to eliminate uncertainty, but to
steward judgment responsibly in its presence.

Where Judgement Must Remain Human
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Climate risk introduces forms of uncertainty that challenge traditional actuarial assumptions:
non-linear impacts, deep uncertainty, model divergence, and irreversible outcomes. Scenario
selection, time horizons, discount rates, and assumptions about adaptation are not neutral
technical choices — they materially shape policy, capital allocation, and societal exposure to
harm.

In this context, actuarial judgment plays a critical role in defining decision pathways rather
than point predictions. Ethical practice requires actuaries to clearly distinguish between
exploratory scenarios, stress pathways, and decision-relevant thresholds, and to communicate
where confidence ends and value-based judgment begins.

Responsible decision pathways acknowledge uncertainty without collapsing into false precision.
They surface trade-offs transparently, highlight asymmetries of risk distribution, and resist the
use of actuarial outputs as deterministic justification for policy decisions that carry long-term
societal consequences.

Decision Pathways Under Climate Uncertainty



Ethical Actuarial
Tool / Framework What the Tool Does Decision Impact &

Accountability

Decision Boundary
Mapping

Defines where actuarial models inform
decisions versus where human

judgment must intervene. Explicitly
identifies thresholds beyond which
quantitative outputs should not be

treated as determinative.

Prevents inappropriate
delegation of moral or societal

decisions to automated
systems and clarifies where
professional responsibility
remains with the actuary.

Uncertainty
Classification &

Disclosure

Distinguishes between quantifiable risk,
deep uncertainty, and irreducible
unknowns. Requires transparent

communication of confidence limits,
assumptions, and model fragility.

Reduces false precision,
supports informed governance
decisions, and protects against
the misuse of actuarial outputs

as unjustified certainty.

AI-Enabled Ethical
Decision Support

Systems

Provides pre-structured AI agents and
ethical inquiry frameworks that can be
adapted to specific actuarial contexts.

These tools systematically test
assumptions, surface unintended
consequences, explore alternative
decision pathways, and document

ethical reasoning for internal review
and external scrutiny.

Enables consistent, defensible
ethical practice at scale while

preserving professional
judgment. Reduces reliance on

ad-hoc intuition, supports
institutional learning, and

ensures accountability remains
human, explicit, and auditable.

Applied Domains of Ethical Actuarial Practice
This section translates ethical actuarial
principles into real-world domains where
judgment, accountability, and decision
pathways materially affect human outcomes.
These domains illustrate how actuarial
influence operates beyond technical modeling
— shaping access, resilience, distributional
equity, and long-term societal risk.

Each domain highlights where actuarial
judgment intersects with uncertainty,
governance, and ethical responsibility. Rather
than prescribing uniform answers, these
sections clarify decision boundaries,
professional obligations, and the conditions
under which human judgment must remain
active.

AESOP is private platform dedicated to actuaries, mathematicians, and other practitioners in the
actuarial field practice. This platform is for anyone who implements actuarial judgment that extends
beyond technical modeling and into areas of material human consequence. 

Each domain demonstrates how assumptions, thresholds, and decision pathways influence access,
resilience, distribution of risk, and long-term societal outcomes. 

For a structured orientation to the Ethical Actuary Toolbox and its conceptual foundations, see
Appendix C — The Ethical Actuary Toolbox (Orientation).
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The Ethical Actuary Toolbox
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Practical Boundaries in Implementation

Actuarial models increasingly inform decisions made at scale, often within systems that are
opaque to those affected by their outcomes. In such environments, ethical judgement is not
confined to final outputs alone, but is embedded throughout upstream decisions — including
data selection, proxy construction, model constraints, and the treatment of uncertainty.

When judgement is deferred entirely to automated or quantitative processes, professional
responsibility does not disappear; it becomes obscured. Ethical actuarial practice therefore
requires explicit recognition of where human accountability begins, where it must remain
active, and where it cannot be surrendered to systems or outputs, regardless of their technical
sophistication.

From Models to Decisions

Every actuarial tool reflects a series of human choices: which risks are included, which are
excluded, how uncertainty is represented, and whose interests are prioritised. These decisions
shape not only predictions, but real-world consequences affecting access to capital, insurance,
services, and opportunity.

Ethical boundaries require actuaries to remain conscious of how model design choices may
amplify bias, normalise harm, or create false impressions of objectivity. Transparency around
assumptions, limitations, and intended use is not merely a technical preference — it is a
professional obligation that defines where tools may inform judgement and where they must
not replace it.

Where Tools Support — and Where They Stop

As actuarial outputs are increasingly integrated into policy frameworks, regulatory mechanisms,
and automated decision systems, accountability becomes more complex — not less. Delegating
decision authority to systems does not absolve professionals of responsibility for downstream
impacts.

Ethical actuarial judgement requires clear limits on delegation. Actuaries must be prepared to
challenge system outputs, escalate concerns, and refuse participation where models are
deployed beyond their intended scope or without adequate governance. Human oversight is
therefore not an optional safeguard, but a design requirement for ethical practice.

Human Oversight as a Design Requirement

At scale, small modelling choices can produce widespread and durable societal effects. As
actuarial methods are embedded across institutions, errors, biases, or unjustified certainty can
propagate rapidly, often without clear lines of accountability.

Ethical actuarial practice demands foresight into how decisions scale, how responsibility is
distributed, and how harm may emerge over time. Maintaining judgement under conditions of
automation, institutional pressure, and complexity is essential to preserving professional
integrity and public trust in actuarial systems.

Why This Matters at Scale



Where do you go from here? 

Ethical actuarial practice is not a static compliance
exercise. As climate-related risk (SDG 13) becomes
increasingly embedded in financial, insurance, and
regulatory decision-making, the consequences of
unchecked assumptions, proxy variables, and
automated reasoning become systemic rather than
local.

This paper demonstrates that ethical judgment must
remain active wherever actuarial models influence
real-world outcomes — particularly under conditions
of uncertainty, scale, and policy pressure.

The next phase of this work is not theoretical. It
requires applied case analysis, stress-testing of
decision pathways, and explicit documentation of
where professional responsibility must override
technical convenience.

The full implications of these dynamics become clear
when examined through concrete policy and system-
level examples, presented in the appendices and
applied scenarios that follow.

Page 8

Implications for
the Actuarial
Profession



Disclaimer &
Transparency

Purpose and Scope

This paper is intended to support professional reflection, ethical analysis, and responsible decision-
making within actuarial practice. It does not prescribe specific regulatory outcomes, nor does it
replace jurisdiction-specific professional standards, guidance, or legal obligations.

Context of Emerging Risk

The issues examined in this paper — including climate-related risk (SDG 13), systemic uncertainty,
model limitations, and automated decision-making — reflect areas where actuarial judgement has
historically preceded formal regulation. The absence of uniform mandates does not imply the
absence of material risk.

Professional Responsibility

Actuarial professionals retain responsibility for the interpretation, application, and communication
of model outputs. Ethical judgement remains essential where uncertainty, scale, or societal impact is
significant, regardless of whether explicit regulatory requirements are in place.

Forward-Looking Nature

This paper is forward-looking by design. Its purpose is to surface risks, questions, and decision
boundaries before they become sources of harm, regulatory failure, or loss of public trust.
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Ethical
Actuarial Tool
/ Framework

What the Tool Does Decision Impact &
Accountability

 Source /
Reference

Early Climate
Risk Warnings
in Insurance

Identifies climate change as
a material, long-term risk to
insurance solvency, pricing,

and capital adequacy,
warning that historical loss
data is no longer sufficient.

Demonstrates early
professional recognition
of climate risk decades

before formal regulation,
establishing that lack of

action was not due to lack
of knowledge.

Geneva
Association –

Climate Risk &
Insurance

Non-
Stationarity of
Historical Loss
Data

Warns that past climate and
catastrophe data cannot be
assumed representative of
future risk due to changing

climate baselines,
undermining traditional
actuarial assumptions.

Places responsibility on
actuaries to adjust models

and explicitly disclose
limitations, preventing

false confidence based on
outdated data.

Institute and
Faculty of
Actuaries –
Climate Change
Risk

Catastrophe
Modelling

Uncertainty

Highlights model
uncertainty, tail risk, and
structural limitations in

catastrophe models used for
insurance and reinsurance

decision-making.

Prevents misuse of model
outputs as deterministic
truth and reinforces the

duty to communicate
uncertainty clearly to

decision-makers.

OECD – Insurance
and Climate
Change Risk

Long-Term
Horizon Risk
Assessment

Extends actuarial analysis
beyond short-term financial
cycles to include long-term,

intergenerational climate
impacts affecting pensions,

life insurance, and social
systems.

Establishes ethical
responsibility for

actuaries to challenge
short-term optimisation

that transfers risk to
future generations.

UK Government
Actuary’s

Department –
Climate Risk

Stress Testing
for Climate
Scenarios

Introduces climate stress
testing to evaluate

solvency, capital adequacy,
and systemic resilience

under extreme but plausible
scenarios.

Shows that failure to
stress-test constitutes a
governance failure, not a

technical oversight.

Bank for
International
Settlements –
Climate Stress

Testing

Historical Actuarial Warnings and Risk
Signals (1990–Present)                         
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https://www.genevaassociation.org/research-topics/climate-risk-and-insurance
https://www.genevaassociation.org/research-topics/climate-risk-and-insurance
https://www.genevaassociation.org/research-topics/climate-risk-and-insurance
https://www.genevaassociation.org/research-topics/climate-risk-and-insurance
https://actuaries.org.uk/learn-and-develop/climate-change/
https://actuaries.org.uk/learn-and-develop/climate-change/
https://actuaries.org.uk/learn-and-develop/climate-change/
https://actuaries.org.uk/learn-and-develop/climate-change/
https://actuaries.org.uk/learn-and-develop/climate-change/
https://www.oecd.org/finance/insurance/insurance-and-climate-change.htm
https://www.oecd.org/finance/insurance/insurance-and-climate-change.htm
https://www.oecd.org/finance/insurance/insurance-and-climate-change.htm
https://www.gov.uk/government/organisations/government-actuarys-department
https://www.gov.uk/government/organisations/government-actuarys-department
https://www.gov.uk/government/organisations/government-actuarys-department
https://www.gov.uk/government/organisations/government-actuarys-department
https://www.bis.org/bcbs/climate.htm
https://www.bis.org/bcbs/climate.htm
https://www.bis.org/bcbs/climate.htm
https://www.bis.org/bcbs/climate.htm
https://www.bis.org/bcbs/climate.htm


Ethical
Actuarial

Tool /
Framework

What the Tool Does Decision Impact &
Accountability  Source / Reference

Deep
Uncertainty
& Scenario
Exploration

Differentiates between
probabilistic risk and deep

uncertainty where
probabilities cannot be

reliably assigned.

Requires actuaries to
communicate limits of
confidence and resist

presenting speculative
precision as certainty.

IPCC – Uncertainty
Guidance

Systemic Risk
& Insurance

Market
Stability

Identifies climate change as
a systemic risk capable of

destabilising insurance
markets and withdrawing

coverage entirely.

Demonstrates that ethical
actuarial responsibility
extends beyond firm-

level solvency to societal
access to protection.

Geneva Association
– Climate Change &

Systemic Risk

Professional
Standards on

Risk
Disclosure

Establishes expectations for
transparency, disclosure of

assumptions, and
communication of

uncertainty to boards,
regulators, and the public.

Clarifies that ethical
breaches can occur even
in the absence of explicit

regulation.

International
Actuarial

Association –
Professional

Standards

Climate Risk
in Solvency
Frameworks
(Solvency II /

IFRS)

Integrates climate risk into
capital frameworks,

reserving, and financial
disclosures.

Confirms that climate risk
is recognised as

financially material
within formal actuarial
governance structures.

European Insurance
and Occupational

Pensions Authority
(EIOPA)

Early
Professional
Advocacy &

Warning
Papers

Documents repeated
actuarial warnings, position
papers, and working groups

calling for action long
before political mandates.

Establishes a documented
professional record that

negates claims of
ignorance or novelty.

Institute of
Actuaries – Climate

Change Working
Party Archives
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Closing Perspective

The historical record shows that actuaries have consistently identified and communicated climate-
related risk well before formal regulatory requirements emerged. The challenge now is not
recognition, but navigating increased complexity, uncertainty, and scrutiny as these risks become
embedded in financial and governance systems.

The frameworks outlined in this paper are intended to support actuaries through this transition by
preserving professional judgement, clarifying decision boundaries, and strengthening ethical
practice during a period of significant change.

https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf
https://www.genevaassociation.org/publication/topics/climate-change
https://www.genevaassociation.org/publication/topics/climate-change
https://www.genevaassociation.org/publication/topics/climate-change
https://www.actuaries.org/IAA/Standards/IAA_Standards.aspx
https://www.actuaries.org/IAA/Standards/IAA_Standards.aspx
https://www.actuaries.org/IAA/Standards/IAA_Standards.aspx
https://www.actuaries.org/IAA/Standards/IAA_Standards.aspx
https://www.actuaries.org/IAA/Standards/IAA_Standards.aspx
https://www.eiopa.europa.eu/tools-and-data/climate-change_en
https://www.eiopa.europa.eu/tools-and-data/climate-change_en
https://www.eiopa.europa.eu/tools-and-data/climate-change_en
https://www.eiopa.europa.eu/tools-and-data/climate-change_en
https://www.actuaries.org.uk/about-us/history
https://www.actuaries.org.uk/about-us/history
https://www.actuaries.org.uk/about-us/history
https://www.actuaries.org.uk/about-us/history


When policy operates at scale, second-
order effects become first-order risks.

International Policy
Examples: A Systemic
Pattern
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Across jurisdictions, climate-related laws and regulatory frameworks have expanded rapidly in scope and
complexity. These initiatives are typically introduced with clear environmental intent and broad public
support. However, when examined collectively rather than in isolation, a consistent systemic pattern
emerges.

Large-scale policy interventions are often implemented without transparent, independent actuarial-style
modelling of second-order economic, social, and distributional effects. As a result, downstream impacts
are frequently underestimated, delayed, or obscured—becoming visible only after costs, constraints, or
exclusions are embedded across households, industries, and supply chains.

These policies are not confined to a single jurisdiction or regulatory philosophy. They appear across
developed and developing economies, at both national and supranational levels. The issue is therefore
not policy intent, but insufficient modelling of how risk redistributes when policy operates at scale—
affecting affordability, business viability, labour participation, infrastructure capacity, and access to
essential services.

When policy operates at scale, risk does not disappear; it reallocates. Costs shift across regions, sectors,
and populations, often in nonlinear and opaque ways. Without explicit modelling of these dynamics,
cumulative exposure may be underestimated while system resilience is overstated.

To illustrate this systemic pattern, the following international policy domains are examined within the
Ethical Actuary framework:

International Policy Examples

1.CBAM – Carbon Border Adjustment Mechanism
2.National Energy Transition Mandates
3.Environmental Compliance & Permitting Frameworks
4.Agricultural Emissions Reduction Policies
5.Urban Density & Transport Decarbonisation Policies
6.Cross-Border Environmental Trade Restrictions
7.Water Usage & Resource Allocation Mandates
8.Digital Identity & Data Governance Frameworks
9.Labour Market Decarbonisation & Transition Policies

10.Housing & Building Energy Performance Mandates
11.Central Bank Climate Stress Testing Frameworks
12.Sustainable Finance & Taxonomy Regulations

Together, these examples demonstrate how policy-driven risk redistribution emerges across systems
when large-scale regulatory objectives are operationalised without disclosed actuarial or systemic impact
assessment.



 Example #1: CBAM – Carbon Border Adjustment Mechanism 

Jurisdiction: 

European Union (Carbon Border Adjustment Mechanism Regulation (EU) 2023/956; Transitional Phase
2023–2025; Full Implementation from 2026)

Policy Instrument (Examples): 
Carbon Border Adjustment Mechanism (CBAM)
Legal Basis: Regulation (EU) 2023/956
Adopted: May 2023

Implementation Status: The Carbon Border Adjustment Mechanism is currently in a transitional reporting
phase, running from 2023 through 2025, during which importers are required to report embedded emissions
without financial liability. Full financial implementation is scheduled to begin in 2026, at which point
importers will be required to purchase CBAM certificates reflecting the carbon price that would have been
paid under the EU Emissions Trading System. The rollout is closely aligned with broader EU climate
legislation under the European Green Deal and Fit for 55 package, with phased expansion, regulatory
refinement, and reporting standardisation expected over subsequent years.

Policy Objective: The primary objective of CBAM is to prevent carbon leakage by equalising carbon costs
between domestic EU producers and foreign exporters. By applying an emissions-based cost to certain
imported goods, the policy seeks to preserve the integrity of EU climate targets while discouraging the
relocation of carbon-intensive production to jurisdictions with weaker environmental regulation. CBAM also
functions as a trade-linked climate policy signal, incentivising exporting countries to adopt comparable
emissions pricing or mitigation measures.

Affected Sectors: CBAM directly affects carbon-intensive industrial sectors engaged in cross-border trade,
including cement, iron and steel, aluminium, fertilisers, electricity generation, and hydrogen. Secondary
impacts extend to upstream suppliers, downstream manufacturers, and small-to-medium enterprises
integrated into global value chains. Import-dependent industries, logistics operators, and commodity traders
are also indirectly exposed through changes in pricing, sourcing strategies, and compliance requirements.

Modelling & Systemic Risk Considerations:
There does not appear to be publicly disclosed ex-ante modeling assessing the effects of the Carbon Border
Adjustment Mechanism (CBAM) on affected populations, trade flows, supply chains, or downstream price
transmission prior to enactment. The absence of transparent impact modeling limits visibility into
distributional effects across importing nations, consumers, and small-to-mid-sized enterprises, while
increasing uncertainty around competitiveness impacts and secondary systemic risks within global
production networks.

Appendix A: International Policy Examples
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 Example #2: National Energy Transition Mandates

Jurisdictions:

Multi-jurisdictional - European Green Deal (2019); Fit for 55 Package (2021); Renewable Energy
Directive (EU) 2018/2001, amended 2023) —with national mandates including: 
Germany (Energiewende; Climate Protection Act 2021), 
France (Energy Transition for Green Growth Act, amended 2019), 
Netherlands (Climate Act 2019), and United Kingdom (Net Zero Strategy, 2021)

Policy Instruments (Examples):
National Net-Zero Legislation
Renewable Portfolio Standards (RPS)
Energy Transition Acts / Climate Acts
Representative Legal References:
EU Climate Law — Regulation (EU) 2021/1119
UK Climate Change Act 2008 (as amended)
U.S. State-level Renewable Portfolio Standards (varies by state)

Implementation Status: National energy transition mandates are being implemented through a
combination of long-term legislative targets, sector-specific regulations, and phased compliance timelines,
generally spanning from the mid-2010s through the 2030s and beyond. While overarching frameworks such
as the European Green Deal and national net-zero laws provide strategic direction, implementation varies
significantly by jurisdiction, with differing levels of enforcement, interim targets, and policy stability.
Acceleration of deployment has occurred post-2020, supported by fiscal incentives, infrastructure
investment, and regulatory tightening across electricity, transport, and industrial sectors.

Policy Objectives: These mandates aim to decarbonise national energy systems by reducing reliance on
fossil fuels and accelerating the deployment of renewable and low-carbon energy sources. Core objectives
include lowering greenhouse gas emissions, enhancing energy security, and restructuring energy markets to
support electrification and clean technologies. The policies are also intended to drive innovation, attract
capital investment, and align national energy systems with international climate commitments.

Affected Sectors: Energy transition mandates impact electricity generation, utilities, transport,
manufacturing, housing, and energy-intensive industries. Indirect effects extend to construction, materials
supply chains, financial services, and consumers through changes in energy pricing and infrastructure
development. Regional disparities are pronounced, with fossil-fuel-dependent communities and industries
facing distinct transition pressures compared to urban or renewable-rich regions.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the cumulative impacts of
national energy transition mandates on affected populations, energy affordability, grid reliability, or
industrial competitiveness prior to implementation. Limited transparency around transition-path modeling
increases uncertainty regarding distributional effects on households and small businesses, while creating
potential systemic risk where policy timelines outpace infrastructure readiness, supply-chain capacity, and
workforce transition capability.
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 Example #3:  Environmental Compliance & Permitting Frameworks

Jurisdictions: 

European Union - Environmental Impact Assessment Directive 2011/92/EU, amended by Directive
2014/52/EU; Industrial Emissions Directive 2010/75/EU; Nature Restoration Law proposal (2022) — EU-
wide environmental assessment and permitting regime implemented through national authorities and
regional or municipal planning bodies across member states.
United States - U.S. National Environmental Policy Act (NEPA), 42 U.S.C. §4321 (1969); Clean Air Act
(42 U.S.C. §7401 et seq.); Clean Water Act (33 U.S.C. §1251 et seq.) — Federal environmental review and
permitting framework administered through agencies including the EPA, Army Corps of Engineers, and
Department of the Interior, with delegated implementation at state and local levels. 

Policy Instruments: (Examples):
Environmental Impact Assessments (EIAs)
Strategic Environmental Assessments (SEAs)
Permitting and compliance regimes

Implementation Status: Environmental compliance and permitting frameworks have been in place for
decades in many jurisdictions, with expanded scope, enforcement, and procedural requirements introduced
progressively since the 2010s. Recent reforms have increased the breadth of activities subject to
environmental review, strengthened public consultation obligations, and integrated climate and
biodiversity considerations into approval processes. Implementation remains decentralised in many
systems, with federal or supranational standards administered through national, regional, or local
authorities.

Policy Objectives: The objective of these frameworks is to mitigate environmental harm by requiring pre-
approval assessment, regulatory oversight, and ongoing compliance for projects with material
environmental impacts. By embedding environmental considerations into planning and investment
decisions, these policies seek to reduce irreversible damage, manage cumulative effects, and align
economic development with environmental protection goals.

Affected Sectors: Infrastructure development, housing, transport, agriculture, energy, and manufacturing
are directly affected by permitting and compliance requirements. Secondary impacts extend to project
finance, construction timelines, supply chains, and regional development. Small-to-medium enterprises
and local authorities often experience disproportionate administrative and capacity burdens.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modelling assessing the systemic impacts of
environmental compliance and permitting frameworks on project timelines, capital deployment efficiency,
or cost-of-capital prior to implementation. Regulatory unpredictability and permitting bottlenecks
introduce uncertainty that can delay housing supply, infrastructure development, and energy transition
projects, generating second-order economic and social effects. Long-term modelling challenges are
amplified by cumulative approval delays, inconsistent enforcement, and regional variation in regulatory
capacity, complicating investment forecasting and resilience planning.
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 Example #4: Agricultural Emissions Reduction Policies

Jurisdictions: 

European Union - European Green Deal (2019); Fit for 55 Package (2021); Common Agricultural Policy
Reform 2023–2027) —with parallel national implementation in:
Netherlands (Nitrogen Reduction Programme, 2022), Ireland (Climate Action Plan 2023), Germany
(Federal Climate Change Act amendment, 2021), and:
New Zealand (He Waka Eke Noa Framework, 2019–2025)

Policy Instruments: (Examples):
National agricultural emissions ceilings and sectoral reduction targets
Livestock methane reduction mandates
Fertiliser-use restrictions and nitrogen caps
Land-use change requirements (rewilding, reduced grazing density)
Emissions-linked subsidy eligibility under CAP (Common Agricultural Policy) reforms

Implementation Status: EU-level targets established under the European Green Deal and Fit for 55
package. National implementation varies by member state, with binding targets in some jurisdictions.
Phased implementation between 2023–2030, with interim reporting requirements

Policy Objectives: Agricultural emissions reduction policies aim to lower greenhouse gas outputs
associated with livestock, fertiliser use, and land management practices. These initiatives are designed to
align food production systems with broader climate mitigation targets while encouraging a transition
toward practices defined as “sustainable” or lower-emissions under prevailing regulatory frameworks.

Affected Sectors: These policies directly impact livestock farming (including dairy, beef, and pork), crop
agriculture reliant on fertilisers, and downstream food supply chains such as agri-processing and
distribution. Secondary effects are concentrated in rural communities and small-to-medium agricultural
enterprises, where adaptive capacity and financial buffers are often limited.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of agricultural
emissions reduction policies on food production capacity, farm-level viability, supply-chain resilience, or
consumer price transmission prior to implementation. Limited transparency around modeling assumptions
increases uncertainty regarding distributional effects on small and medium-scale producers, rural
communities, and food affordability. Systemic risks may arise where regulatory targets interact with
biological constraints, climate variability, and input cost volatility, creating second-order effects across
domestic and global food systems.
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Example #5: Urban Density & Transport Decarbonisation Policies

Jurisdictions: 
 

European Union - European Green Deal 2019; Sustainable and Smart Mobility Strategy 2020; Fit for 55
Package 2021)
United Kingdom (Transport Decarbonisation Plan 2021; National Planning Policy Framework updates
2021–2023)
United States - Federal Highway Administration Climate & Equity Programs 2021–present; state- and
city-level implementation under DOT and EPA guidance) —with implementation administered at
national, regional, and municipal levels through planning authorities, transport agencies, and zoning
bodies

Policy Instruments (Examples):
Low-Emission Zones (LEZ) and Ultra-Low Emission Zones (ULEZ)
Congestion pricing and road-use charging
Transit-oriented development (TOD) mandates
Parking minimum reductions or eliminations
Active transport prioritisation (cycling, pedestrianisation)
Vehicle electrification incentives and mandates

Implementation Status: Implemented or piloted across major metropolitan regions in the EU and U.S.,
with rollout tied to climate targets, air-quality standards, and infrastructure funding.

Policy Objectives: Urban density and transport decarbonisation policies seek to reduce greenhouse gas
emissions associated with transport activity, improve urban air quality, and shift travel demand away from
private vehicle use. These policies are intended to promote more compact, higher-density urban
development patterns and align local transport planning with national and supranational climate
commitments.

Affected Sectors: These policies affect urban commuters and households, public transport operators,
private vehicle users, urban planning and development authorities, and municipal and regional
governments responsible for transport infrastructure and land-use planning.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of urban density
and transport decarbonisation policies on mobility access, housing affordability, labour participation, or
regional economic connectivity prior to implementation. Insufficient transparency around behavioral
assumptions and modal-shift feasibility increases uncertainty regarding distributional effects across
households, small businesses, and peripheral communities. Systemic risks may emerge where transport
constraints, housing concentration, and infrastructure timelines interact, generating second-order impacts
on productivity, social inclusion, and urban resilience.
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Example #6: Cross-Border Environmental Trade Restrictions

Jurisdictions: 
 

European Union - Carbon Border Adjustment Mechanism – Regulation (EU) 2023/956)
United Kingdom - Emissions-linked trade standards under post-Brexit climate and trade policy
United States - Tariff-based environmental trade measures; proposed carbon border fees and
environmental import standards
Canada - Proposed border carbon adjustments and clean-trade frameworks
China - Export controls, industrial environmental standards affecting trade flows

Policy Instruments (Examples):
Carbon Border Adjustment Mechanisms (CBAM-style import levies)
Emissions-linked tariffs and border fees
Mandatory embedded-carbon reporting for imported goods
Environmental certification requirements for market access
Trade restrictions linked to climate or sustainability classifications

Implementation Status: Cross-border environmental trade restrictions are in active implementation or
advanced policy development across major economies. The European Union has adopted and entered the
transitional phase of its CBAM framework, with full financial enforcement scheduled from 2026. Other
jurisdictions, including the United States, United Kingdom, and Canada, are pursuing parallel or
functionally similar mechanisms through tariff policy, trade negotiations, and regulatory alignment. While
implementation timelines and legal structures vary, convergence around emissions-linked trade controls is
increasing through bilateral agreements, WTO-adjacent discussions, and coordinated climate policy
frameworks.

Policy Objectives: These policies aim to prevent carbon leakage by equalising environmental costs between
domestic producers and foreign exporters. They are designed to incentivise lower-emissions production
globally, protect domestic industries subject to climate regulation, and align international trade flows with
national and supranational climate commitments. Cross-border measures also seek to reinforce emissions
accounting standards and extend climate policy influence beyond territorial boundaries.

Affected Sectors: Cross-border environmental trade restrictions directly affect emissions-intensive
industries engaged in international trade, including steel, cement, aluminium, fertilizers, chemicals,
electricity, and hydrogen. Secondary impacts extend to manufacturing supply chains, exporters in
developing economies, logistics and shipping operators, and small-to-medium enterprises reliant on cross-
border inputs. Trade-exposed regions and import-dependent domestic markets are particularly sensitive to
cost and availability shifts.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of cross-border
environmental trade restrictions on trade flows, input costs, supply-chain continuity, or market access prior
to implementation. Limited transparency around substitution assumptions and compliance cost pass-
through increases uncertainty regarding distributional effects across importing nations, small exporters,
and downstream industries. Systemic risks may arise where trade restrictions interact with existing tariff
regimes, geopolitical frictions, and concentrated supplier dependencies, creating second-order effects on
price stability, industrial resilience, and global economic coordination.
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Example #7: Water Usage & Resource Allocation Mandates

Jurisdictions: 
 

European Union - Water Framework Directive; Drought Management Plans; Climate Adaptation
Strategy
United States - Federal and state water allocation frameworks; drought emergency orders; interstate
compacts
Australia - Murray–Darling Basin Plan; national water allocation and trading regimes
China - National Water Quota Management System; industrial and agricultural water-use caps
Middle East & North Africa (selected states) - National water rationing and desalination-linked
allocation policies

Policy Instruments (Examples):
Mandatory water-use caps and quotas
Tiered water pricing and rationing schemes
Priority allocation rules during drought conditions
Agricultural irrigation restrictions
Industrial permitting tied to water availability
Water trading or entitlement systems

Implementation Status: Water usage and resource allocation mandates are widely implemented across
water-stressed regions, with enforcement intensity increasing during periods of drought, heat stress, and
infrastructure constraint. In many jurisdictions, allocation rules are administered through a combination of
national frameworks and local or basin-level authorities. Climate variability and population growth have
accelerated the expansion of mandatory controls, with emergency powers frequently invoked to override
historical usage rights and contractual expectations.

Policy Objectives: These mandates aim to preserve water resources under conditions of scarcity, protect
critical ecosystems, and ensure continuity of supply for priority uses such as drinking water and essential
services. Policies are designed to improve long-term water security, align consumption with hydrological
limits, and support climate adaptation strategies in regions facing increasing variability in rainfall and
supply reliability.

Affected Sectors: Water allocation mandates directly affect agriculture, particularly irrigation-dependent
crop production and livestock operations, as well as industrial users with high process-water requirements.
Municipal water utilities, energy producers, mining operations, and commercial users are also impacted.
Secondary effects extend to rural communities, food supply chains, and regions economically dependent on
water-intensive industries.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modelling assessing the impacts of water usage
and resource allocation mandates on agricultural productivity, industrial operations, regional economic
activity, or household access prior to implementation. Limited transparency around allocation thresholds,
substitution feasibility, and behavioral response assumptions increases uncertainty regarding distributional
effects across sectors and communities. Systemic risks may arise where regulatory constraints interact with
climatic variability, infrastructure limitations, and competing demand pressures, generating second-order
effects on food security, energy production, and social stability.
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Example #8: Digital Identity & Data Governance Frameworks

Jurisdictions: 
 

European Union - eIDAS Regulation; General Data Protection Regulation (GDPR); European Digital
Identity Wallet framework
United Kingdom — Digital Identity and Attributes Trust Framework
United States - Federal and state digital identity initiatives; data governance standards across public
and private sectors
Australia - Digital Identity Program and national data-sharing frameworks
India - Aadhaar digital identity system and associated data governance regime

Policy Instruments (Examples):
National digital identity systems and credentials
Mandatory identity verification requirements for service access
Centralised or federated identity registries
Data-sharing mandates across government agencies
Consent and authentication standards embedded in digital services
Compliance frameworks linking identity to service eligibility

Implementation Status: Digital identity and data governance frameworks are actively implemented or
expanded across multiple jurisdictions, with varying degrees of centralisation and interoperability. In the
European Union, digital identity initiatives are being integrated into cross-border public and private
services, while other jurisdictions pursue national or sector-specific models. Adoption is often incremental,
driven through regulatory requirements, service digitisation, and incentives for platform alignment rather
than through single, comprehensive legislative mandates.

Policy Objectives: These frameworks aim to streamline access to public and private services, improve
security and fraud prevention, and enhance administrative efficiency through trusted digital identification.
Policies are intended to support interoperability across systems, standardise data governance practices, and
enable digital service delivery at scale while aligning with broader digital transformation and economic
modernisation goals.

Affected Sectors: Digital identity and data governance frameworks affect financial services, healthcare,
education, telecommunications, and government service delivery. Technology providers, platform
operators, employers, and data processors are directly involved in implementation and compliance.
Individuals and households are impacted through changes in access requirements, authentication
processes, and data-sharing practices across essential services.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of digital
identity and data governance frameworks on access to services, exclusion risk, error propagation, or system
resilience prior to implementation. Limited transparency around identity assurance thresholds, data
accuracy assumptions, and redress mechanisms increases uncertainty regarding distributional effects on
vulnerable populations, small enterprises, and cross-border users. Systemic risks may arise where
centralized identity systems interact with automated decision-making, data interoperability requirements,
and enforcement mechanisms, creating second-order effects related to lock-in, cascading denial of access,
and governance accountability.
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Example #9: Labour Market Decarbonisation &  Transition Policies

Jurisdictions: 
 

European Union - Coordinated labour transition framework linked to the European Green Deal,
supporting regions and workers affected by decarbonisation through retraining, income support, and
regional economic diversification.
United Kingdom - National workforce transition initiatives aligned with net-zero targets, focusing on
green skills development, job creation in low-carbon sectors, and managed transition from fossil fuel–
dependent industries.
United States - Federal and state-level labour transition measures embedded within climate and
industrial policy, emphasizing domestic manufacturing, clean energy workforce development, and
regional employment stabilization.
Australia - Sector-specific transition planning addressing workforce displacement in emissions-
intensive industries, supported by reskilling programs and regional adjustment funding.
India - Emerging just transition considerations within national climate and development planning,
balancing decarbonisation objectives with employment preservation and large informal labour markets.

Policy Instruments (Examples):
EU Just Transition Mechanism
EU Just Transition Fund
UK Green Jobs Taskforce programs
U.S. Inflation Reduction Act workforce provisions
U.S. Department of Labor Climate & Clean Energy Workforce Initiatives
Canada Sustainable Jobs Act
National reskilling and workforce transition subsidies tied to climate targets

Implementation Status: Labour market decarbonisation and just transition policies are actively
implemented or expanding across advanced economies, with varying degrees of legal enforceability and
funding scale. In the European Union and United Kingdom, these measures are formally embedded within
climate policy frameworks, while in the United States they are primarily delivered through funding
incentives and programmatic guidance rather than centralized labour mandates. Implementation remains
uneven across regions, with pilot programs and targeted interventions concentrated in emissions-intensive
sectors and vulnerable communities.

Policy Objectives: These policies aim to mitigate labour displacement associated with decarbonisation by
facilitating workforce reskilling, supporting job creation in low-carbon industries, and maintaining social
stability during structural economic transitions. Objectives include preserving employment participation,
reducing regional inequality, and aligning workforce capabilities with future energy and industrial systems.

Affected Sectors: Labour market decarbonisation policies primarily affect workers and employers in fossil
fuel extraction, energy generation, heavy industry, manufacturing, construction, and associated supply
chains. Secondary impacts extend to regional economies dependent on emissions-intensive industries,
public employment services, educational and training institutions, and local governments responsible for
workforce support.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of labour market
decarbonisation and transition policies on employment displacement, skills mismatch, wage dynamics, or
regional labour mobility prior to implementation. Limited transparency around retraining capacity,
transition timelines, and absorption assumptions increases uncertainty regarding distributional effects on
workers, small employers, and regional economies. Systemic risks may arise where policy-driven job
transitions outpace labour-market adaptability, generating second-order effects on productivity, income
stability, and social cohesion.
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Example #10: Housing & Building Energy Performance Mandates

Jurisdictions: 
 

European Union - Building energy performance requirements implemented through EU-wide
directives and national transposition at member-state level
United Kingdom - National building efficiency standards applied through domestic regulation and
local authority enforcement
United States - Federal incentives combined with state- and city-level building performance standards
Australia - National Construction Code energy provisions with state-based implementation
Canada - Federal net-zero building frameworks with provincial building code integration

Policy Instruments (Examples):
EU Energy Performance of Buildings Directive requirements
Mandatory building energy ratings and disclosure schemes
Minimum energy efficiency standards for residential and commercial properties
Retrofit and renovation mandates tied to public financing or resale conditions
Electrification and fossil-fuel phaseout requirements for buildings

Implementation Status: Housing and building energy performance mandates are implemented or phased
in across multiple jurisdictions, with timelines varying by country and subnational authority. In the EU and
UK, minimum performance thresholds are increasingly tied to rental eligibility, renovation obligations, and
access to financing. In the United States, implementation is largely driven by state and municipal building
performance standards, supported by federal incentives and funding mechanisms. Rollout commonly occurs
through staged compliance windows extending into the 2030s.

Policy Objectives: These policies aim to reduce energy consumption and emissions from the building
sector, improve energy efficiency of existing housing stock, and align residential and commercial buildings
with broader climate and net-zero targets. Additional objectives include lowering long-term operational
energy costs, accelerating electrification of buildings, and stimulating green construction and retrofit
markets.

Affected Sectors: Housing and building energy mandates directly affect homeowners, renters, landlords,
property developers, construction and retrofit contractors, financial institutions, and local governments.
Secondary exposure extends to low-income households, small property owners, social housing providers,
and energy utilities involved in grid upgrades and electrification.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modelling assessing the impacts of housing and
building energy performance mandates on housing affordability, retrofit feasibility, financing capacity, or
displacement risk prior to implementation. Limited transparency around cost assumptions, household
income sensitivity, and retrofit supply constraints increases uncertainty regarding distributional effects on
renters, low- to middle-income homeowners, and small landlords. Systemic risks may arise where
compliance timelines and capital requirements interact with existing housing shortages, credit conditions,
and construction capacity, generating second-order effects on housing access, market stability, and social
outcomes.
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Example #11: Central Bank Climate Stress Testing Frameworks

Jurisdictions: 
 

European Union - Climate stress testing embedded within prudential supervision through the
European Central Bank and national competent authorities, integrating climate scenarios into bank
capital adequacy assessments.
United Kingdom - Climate Biennial Exploratory Scenario exercises conducted by the Bank of England
to assess financial system exposure to climate transition and physical risks.
United States - Climate-related financial risk analysis led by the Federal Reserve through pilot
supervisory climate scenario exercises, without formal capital requirements to date.
Australia - Climate vulnerability assessments coordinated by the Australian Prudential Regulation
Authority, focusing on banking and insurance sector resilience.
Canada - Climate scenario analysis frameworks developed by the Office of the Superintendent of
Financial Institutions, aligned with international supervisory standards. 

Policy Instruments (Examples):
ECB climate stress testing framework
Bank of England Climate Biennial Exploratory Scenario (CBES)
U.S. Federal Reserve pilot climate scenario analysis
APRA Climate Vulnerability Assessment (CVA)
OSFI climate scenario analysis guidance
NGFS reference climate scenarios adopted across supervisory regimes

Implementation Status: Climate stress testing frameworks are in various stages of implementation across
advanced economies, with most jurisdictions currently operating pilot, exploratory, or supervisory-only
exercises rather than binding capital requirements. Results are primarily used for supervisory dialogue, risk
identification, and disclosure expectations, with gradual integration into prudential oversight anticipated
over multi-year horizons.

Policy Objectives: These frameworks aim to assess the resilience of financial institutions to climate-related
transition and physical risks, improve risk awareness within the banking and insurance sectors, and support
long-term financial stability by identifying systemic vulnerabilities associated with climate policy pathways
and environmental shocks.

Affected Sectors: Commercial banks, investment banks, insurance and reinsurance firms, pension funds,
asset managers, and indirectly credit-dependent sectors such as energy, real estate, infrastructure, and
agriculture are affected through changes in capital allocation, risk weighting, and supervisory expectations.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling validating the real-economy
transmission pathways implied by central bank climate stress testing frameworks prior to their integration
into supervisory expectations. Heavy reliance on long-horizon scenario assumptions, simplified behavioural
responses, and static balance-sheet representations increases uncertainty regarding comparability across
institutions and the proportionality of resulting prudential signals. Systemic risks may arise where
exploratory stress test outputs influence capital allocation, credit availability, or market sentiment without
sufficient alignment to observed transition capacity, data maturity, or feedback effects within the broader
economy.
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Example #12: Sustainable Finance & Taxonomy Regulations

Jurisdictions: 
 

European Union - EU Sustainable Finance Action Plan (2018–present); EU Taxonomy Regulation (EU)
2020/852; Sustainable Finance Disclosure Regulation (SFDR) 2019/2088; Corporate Sustainability
Reporting Directive (CSRD) 2022/2464
United Kingdom - UK Green Taxonomy (under development); Sustainability Disclosure Requirements
(SDR)
United States - ESG-related disclosure rules; climate-risk financial guidance via SEC, Federal Reserve,
and federal agencies; market-driven taxonomy alignment through global capital markets
Australia - Legislated mandatory climate-related financial disclosures aligned with ISSB standards,
commencing 2024–2025 for large entities and financial institutions under amended corporate reporting
laws.
Canada - Mandatory climate-related financial disclosures aligned with ISSB standards, with climate and
transition risk integrated into prudential supervision of federally regulated financial institutions.
Japan - Phased implementation of ISSB-aligned sustainability disclosures for listed companies, with
climate-related financial risk embedded into supervisory expectations for banks, insurers, and asset
managers.
Emerging Markets - Increasing adoption of ISSB-aligned sustainability disclosures and taxonomy-
linked finance through regulatory convergence and conditional access to international capital and
development finance.

Policy Instruments (Examples):
EU Taxonomy classification system for “environmentally sustainable” activities
Mandatory sustainability and climate-risk disclosures for financial institutions and corporates
Taxonomy-linked capital allocation and investment eligibility criteria
Green bond standards and sustainability-linked finance instruments
Supervisory guidance integrating climate and sustainability risk into prudential oversight

Implementation Status: Sustainable finance and taxonomy regulations are in active implementation
across major financial jurisdictions, led by the EU’s binding taxonomy framework, with growing
convergence through parallel and interoperable disclosure regimes globally.

Policy Objectives: These regulations seek to redirect capital flows toward activities deemed
environmentally sustainable, reduce greenwashing, improve comparability of financial products, and align
private investment with climate and sustainability policy objectives. By standardising definitions of
sustainable economic activity, taxonomy frameworks aim to influence investment behaviour, lending
practices, insurance underwriting, and long-term capital formation in line with stated environmental goals.

Affected Sectors: Banking, asset management, pension, insurance, and listed corporate sectors are directly
affected, with secondary impacts across energy, infrastructure, real estate, agriculture, manufacturing,
transport, and technology, and indirect effects on households and small businesses through credit, pricing,
and insurance access.

Modelling & Systemic Risk Considerations:
There does not appear to be consistently disclosed ex-ante modeling assessing the impacts of sustainable
finance and taxonomy regulations on capital allocation dynamics, sectoral credit availability, or long-term
affordability prior to implementation. Reliance on fixed classification criteria and forward-looking
assumptions increases uncertainty regarding misallocation risk, procyclicality, and cross-sector spillovers
as economic conditions evolve. Systemic risks may arise where taxonomy alignment requirements influence
investment and lending decisions without sufficient evaluation of second-order distributional effects,
feedback loops between regulation and pricing, or accountability for adverse outcomes across institutions
and markets. Page 24



Automated pricing systems do not remove
judgement — they relocate it.

“Algorithmic Pricing”
as a Systemic Operating
Layer
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Algorithmic pricing systems are increasingly used to operationalise policy objectives and market rules
across complex economic systems. These systems dynamically adjust prices, access, or eligibility based
on large data sets, automated rules, and predictive models. While they can improve efficiency, they also
introduce a distinct layer of systemic risk when deployed without transparent, independent actuarial
oversight.

Once confined to niche or experimental use cases, algorithmic pricing is now embedded across energy
markets, insurance and credit assessment, transportation, logistics, housing access, and public
services. Decisions previously mediated by human judgement are increasingly delegated to automated
systems operating at scale, often with limited transparency and unclear accountability.

Crucially, these systems do not eliminate judgement — they relocate it. Assumptions about fairness,
affordability, elasticity, and risk tolerance are embedded within code, data selection, and optimisation
objectives. When these assumptions are not explicitly modelled and stress-tested, small parameter
changes can cascade into large-scale economic and social effects.

In the next section, Appendix B, we examine how these mechanisms are already observable in practice,
and how algorithmic pricing functions as a cross-cutting operating layer across policy implementation,
access control, and economic participation. The following pages present a set of Algorithmic Pricing
Scenarios that illustrate these dynamics in real-world contexts.

These are:

1. Household Cost Impact Indicators
2. Asset Stranding and Compliance Exposure Mapping
3. Digital Eligibility and Access Gateways
4. Sector-Level Response and Advocacy Activity
5. Algorithmic Pricing as a Cross-Cutting Mechanism
6. Supplement NGO, Multilateral, and Non-State Implementation Networks

When applied across millions of transactions, algorithmic pricing mechanisms can amplify volatility,
create affordability cliffs, and produce non-linear outcomes that may only become visible after harm
has occurred. These dynamics can materially affect household stability, business solvency, and overall
market confidence.



Algorithmic Pricing Scenarios: 

1. Household Cost Impact Indicators
2. Asset Stranding and Compliance Exposure Mapping
3. Digital Eligibility and Access Gateways
4. Sector-Level Response and Advocacy Activity
5. Algorithmic Pricing as a Cross-Cutting Mechanism
6. Supplement NGO, Multilateral, and Non-State Implementation Networks

Example #1 Household Cost Impact Indicators

Purpose: To make policy effects visible at the household level by tracking how combined regulatory,
environmental, and digital governance policies translate into day-to-day cost pressures for individuals and
families, including:

Assets Commonly Affected Include:
Housing (rent, mortgages, retrofit compliance costs)
Utilities (energy, water, grid access)
Food (production constraints, transport costs, pricing volatility)
Transport (fuel access, mobility restrictions, pricing mechanisms)
Insurance (availability, exclusions, risk-based repricing)

Observed Implementation Signals: 
Changes in utility billing structures or access conditions
Introduction of tiered pricing, dynamic pricing, or usage thresholds
Housing compliance requirements affecting rent or retrofit costs
Insurance repricing linked to environmental, location, or behavioral factors

Documented Public and Sector Response:
Households and consumer groups
Small landlords, renters, and homeowner associations
Agricultural and rural communities
Energy, insurance, or transport users

Reference Sources May Include:
Public regulatory filings
Government consultation documents
Industry reports or price indices
Court filings, ombudsman reports, or audit findings
Reputable investigative or academic publications

Algorithmic Pricing Relevance: Household exposure increasingly reflects automated pricing, eligibility
rules, and risk scoring rather than discrete market forces.

Appendix B: Agenda 2030 Real-World Examples
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Algorithmic Pricing and Emerging Responses to Agenda 2030

Example #2 Asset Stranding and Compliance Exposure Mapping

Purpose: To identify categories of physical, financial, and productive assets that may experience reduced
usability, liquidity, or economic value as regulatory, environmental, and digital governance requirements
evolve. This example focuses on how compliance thresholds and forward-looking policy alignment can
translate into real-world asset exposure across households, businesses, and communities.

Assets Commonly Affected Include:
Residential and commercial property
Agricultural land, livestock, and equipment
Vehicles and transport assets
Small and medium-sized enterprises
Infrastructure-dependent operations

Observed Implementation Signals: 
Changes in eligibility for financing, insurance, or refinancing
Introduction of minimum performance, emissions, or compliance standards
Restrictions on usage, resale, or transfer of assets
Differential pricing or coverage based on asset classification
Disclosure or reporting requirements tied to asset characteristics

Documented Public and Sector Response: 
Property owners, landlords, and housing associations
Farmers, agricultural operators, and rural communities
Small business owners and trade groups
Transport and logistics operators
Financial and insurance market participants

Reference Sources May Include:
Public regulatory filings and supervisory guidance
Government consultation and impact assessment documents
Industry reports, valuation studies, or risk disclosures
Court filings, ombudsman decisions, or audit findings
Reputable investigative or academic publications

Algorithmic Pricing Relevance: Asset valuation, insurability, and financing conditions increasingly reflect
automated classification systems, compliance scoring, and forward-looking risk models rather than solely
market-based demand. When embedded into pricing, lending, or insurance algorithms, these mechanisms
can accelerate asset stranding dynamics and amplify systemic exposure before impacts are fully observable.
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Algorithmic Pricing and Emerging Responses to Agenda 2030

Example #3 Digital Eligibility and Access Gateways

Purpose: To identify how digital identity systems, eligibility scoring frameworks, and automated access
controls are increasingly used to mediate access to essential services, financial participation, mobility, and
civic or economic inclusion. This example examines how policy objectives are operationalised through digital
gateways that determine eligibility in real time.

Assets Commonly Affected Include:
Financial services (banking, credit, payments, lending)
Energy, utilities, and essential services
Transport, mobility, and travel permissions
Employment platforms and income verification systems
Public services, benefits, and entitlements
Insurance underwriting and service eligibility

Observed Implementation Signals: 
Expansion of digital identity or verification requirements
Automated eligibility screening tied to behavioural, environmental, or financial data
Integration of ESG, compliance, or risk scores into access decisions
Conditional or tiered access to services based on real-time scoring
Reduced availability of manual review or appeal pathways

Documented Public and Sector Response: 
Consumers and civil society organisations
Small businesses and independent contractors
Technology and platform users
Financial inclusion and digital rights groups
Professional associations and industry bodies

Reference Sources May Include:
Public regulatory consultations or policy frameworks
Digital identity program documentation
Financial and technology sector disclosures
Ombudsman findings or regulatory enforcement actions
Academic, legal, or investigative research

Algorithmic Pricing Relevance: Eligibility systems increasingly function as implicit pricing mechanisms,
determining access, cost, or exclusion through automated scoring rather than explicit price signals. When
embedded at scale, these systems can reallocate risk, opportunity, and participation across populations with
limited transparency and constrained recourse.
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Algorithmic Pricing and Emerging Responses to Agenda 2030

Example #4 Sector-Level Response and Advocacy Activity

Purpose: To identify how industry sectors, professional bodies, trade associations, and advocacy groups are
responding to emerging regulatory, environmental, and digital governance frameworks. This example
focuses on formal engagement, adaptation strategies, and efforts to influence policy interpretation,
implementation timelines, or compliance standards.

Assets Commonly Affected Include:
Financial services and insurance
Energy, utilities, and infrastructure
Transport, logistics, and mobility
Agriculture, food production, and land use
Technology, data, and platform providers
Professional and trade associations

Observed Implementation Signals: 
Public consultation submissions or position papers
Requests for transitional relief or phased implementation
Sector-specific guidance, standards, or codes of practice
Legal challenges, exemptions, or clarifications sought
Formation of working groups or industry task forces

Documented Public and Sector Response: 
Trade associations and professional bodies
Industry coalitions and alliances
Employer groups and unions
Think tanks, policy institutes, or advisory councils
Cross-sector advocacy initiatives

Reference Sources May Include:
Consultation submissions and policy responses
Industry guidance notes or advisories
Parliamentary or regulatory hearing transcripts
Legal filings or judicial decisions
Independent policy or academic analysis

Algorithmic Pricing Relevance: Sector-level responses increasingly shape how algorithmic pricing models
are calibrated, constrained, or exempted in practice. Advocacy outcomes can materially influence risk
allocation, cost pass-through, compliance thresholds, and competitive dynamics when embedded into
automated pricing, eligibility, or scoring systems.
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Algorithmic Pricing and Emerging Responses to Agenda 2030

Example #5 Algorithmic Pricing as a Cross-Cutting Mechanism

Purpose: To identify how algorithmic pricing functions as a unifying operational mechanism across multiple
policy domains, translating regulatory, environmental, and digital governance objectives into automated
economic outcomes. This example focuses on how pricing, eligibility, and access rules are increasingly
embedded into algorithms that operate across sectors simultaneously rather than within isolated markets.

Sectors Commonly Affected Include:
Energy markets and utility access
Insurance underwriting and risk pooling
Credit, lending, and financial inclusion
Transport, logistics, and mobility services
Housing access, rents, and retrofitting finance
Public services, benefits, and entitlement systems

Observed Implementation Signals: 
Dynamic or usage-based pricing linked to behavioural, environmental, or location data
Risk-based eligibility thresholds replacing flat pricing or universal access
Cross-platform data integration influencing pricing decisions (e.g. energy, insurance, credit)
Automated exclusion or surcharge mechanisms triggered by scoring models
Reduced scope for discretionary override or case-by-case human review

Documented Public and Sector Response: 
Consumer protection and affordability advocacy groups
Financial inclusion and civil liberties organisations
Small businesses and independent operators
Professional associations (actuarial, legal, economic)
Policy analysts and systems risk researchers

Reference Sources May Include:
Regulatory impact assessments and supervisory guidance
Financial stability or market conduct reports
Academic research on algorithmic pricing and systemic risk
Public consultations on AI, digital governance, or market regulation
Investigative reporting on automated pricing or scoring systems

Algorithmic Pricing Relevance: As a cross-cutting mechanism, algorithmic pricing synchronises risk
signals across sectors, amplifying feedback loops and non-linear effects. When multiple systems rely on
shared data inputs or correlated scoring models, localized shocks can propagate rapidly, affecting
affordability, access, and stability at scale. Without explicit actuarial oversight, these mechanisms risk
embedding systemic bias, accelerating volatility, and obscuring accountability across interconnected
markets.
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Algorithmic Pricing and Emerging Responses to Agenda 2030

Example #6 – NGO, Multilateral, and Non-State Implementation Networks

Purpose: To identify how non-governmental organisations, multilateral institutions, and public-private
partnerships contribute to the implementation, standard-setting, and operationalisation of environmental,
social, and digital governance frameworks. This example examines how non-state actors influence policy
translation, funding allocation, eligibility criteria, and data collection across jurisdictions.

Sectors Commonly Affected Include:
Energy markets and utility access
Climate and environmental programs
Agriculture and food systems
Public health and social services
Digital identity, inclusion, and data governance initiatives
Development finance and impact investing

Observed Implementation Signals: 
NGO participation in policy pilots or implementation partnerships
Use of NGO-generated metrics, certifications, or assessment tools
Delegation of monitoring, reporting, or compliance functions
Funding conditionality linked to NGO-defined standards
Cross-border coordination through foundations or multilateral programs

Documented Public and Sector Response: 
Community organisations and local stakeholders
Farmers, small enterprises, and aid recipients
National regulators and supervisory bodies
Professional associations reviewing NGO-derived standards
Academic and policy researchers

Reference Sources May Include:
NGO program documentation and annual reports
Multilateral development bank publications
Public-private partnership agreements
Parliamentary or regulatory reviews
Independent audits or evaluations

Algorithmic Pricing Relevance: NGO-developed standards, scoring frameworks, and eligibility criteria
increasingly feed into automated decision systems governing funding access, pricing, and participation.
When embedded into algorithmic models, these inputs can influence cost allocation, access thresholds, and
risk classification at scale, often without direct market pricing signals or traditional actuarial calibration.
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Appendix C — AESOP
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AESOP is dedicated platform that is everyday evolving set of analytical, ethical, and systems-based
instruments designed to help actuaries, analysts, and decision-makers translate abstract risk into
concrete judgement.

Historically, actuarial “tools” referred primarily to technical programs and models used within
insurance and financial risk domains. Today, actuarial judgement operates across far broader
terrain — including environmental policy, sustainability frameworks, algorithmic governance, and
the full scope of the UN Sustainable Development Goals (SDGs). 

The toolbox therefore expands beyond traditional programs to include conceptual, analytical, and
ethical instruments necessary for this new decision landscape. The Ethical Actuary training
program expands these tools through structured learning, applied case studies, and guided
practice designed to support real-world judgement.

What this appendix provides:

A conceptual orientation to the Ethical Actuary Toolbox
A framework for understanding how actuarial “tools” must evolve beyond traditional programs
A reference point for applied tools developed in training and practice

What it does not attempt:

Exhaustive technical specifications
Jurisdiction-specific implementation guidance
Prescriptive policy outcomes
The expanded scope of actuarial judgement increasingly intersects with the full landscape of
the UN Sustainable Development Goals (SDGs), requiring tools that account for systemic,
cross-domain risk.

Continuing the Work — From Orientation to Practice

The Ethical Actuary training program expands these tools through structured learning, applied
case studies, and guided practice designed to support real-world judgement. Participants engage
with evolving ESG and SDG-driven risk landscapes, develop shared language with other actuaries
and analysts, and cultivate the questions necessary to interrogate complex systems with clarity
and professional integrity.

In a world increasingly shaped by automated systems and policy at scale, the role of conscious,
ethical actuarial stewardship — alongside that of mathematicians, quantitative analysts, data
scientists, and system designers — has never been more consequential. The decisions made by
today’s risk and decision professionals will quietly shape the conditions under which future
generations live, work, and thrive.

We thank you for taking the time to engage with this work. The Ethical Actuary exists to support
professionals who are committed to strengthening judgement, accountability, and long-term
societal wellbeing—for generations to come. You are not alone in this work, and the future will be
shaped by those willing to engage with it consciously.


