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Abstract- This paper discusses the actuarial
consequences of big data ESG risk rating and details
how big data has revolutionized the profession. With
more firms recognizing the importance of ESG
factors, actuaries are well-suited to measure and
mitigate these multifaceted issues. Integrating data
and analytic techniques improves the reliability of
assessed risks, helping actuaries become key advisors
for future decisions. These transformations require
changes in actuarial education that would prepare
learners for such tasks based on data analysis and
ESG metrics. Additionally, the recruitment of
actuaries in consulting positions should also
increase, given that firms are likely to seek advice on
how to integrate ESG factors into their risk
management models. In conclusion, the adoption of
scientific approaches to ESG risk assessment will not
only add more value to the profession while
expanding its focus on actuarial utility but also
promote more sustainable business practices across
the corporate sector, thus proving the importance of
actuarial professionals in interpreting the modern
risk environment (Vasenin, 2022).

l. INTRODUCTION

As of late, Environmental, Social, and Governance or
ESG factors have emerged as significant elements of
business models and risk management, especially in
the finance and insurance industries (Davenport &
Ronanki, 2018). ESG stands for Environmental,
Social, and Governance, which are the three main
criteria used to measure the sustainability and social
responsibility of organizations or securities. The social
aspect includes social responsibility, effect on
environment, and measures taken towards climate
change and sustainable environment. The social
dimension evaluates the manner in which an
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organization treats it employees, suppliers, customers
and other stakeholders, and how it handles issues
relating to diversity, labor practices, and human rights
among others (Oquendo-Torres, & Segovia-Vargas,
2024). Governance is associated with the leadership
framework, business ethics, and the ability to report
essential actions and decisions. With such matters
being debated, many different stakeholders, including
businesses, investors, and regulators, are increasingly
focusing on how firms navigate ESG risks and factors,
as they have realized their profound roles in shaping
sustainable growth and value (Chui et al,. 2016)

It is essential to understand the ESG’s role in present-
day risk management to appreciate its significance in
today’s world. In the past, risk models have addressed
mainly the balance sheet, and its external factors like
interest rates, market risks, and credit risks. However,
the integration of environmental, social, and
governance concerns into the assessment of risks is
gradually shifting to a crucial component (Huang &
Rust, 2021). These are the external risks that have
potential positive or negative impacts on the economic
performance of a business entity including impact of
climate change, natural disasters, changes in
regulations (Badmus, 2024). Similarly, social loss
entails damage to the company’s reputation and loss
of profit from human rights violation or poor labor
practices. Political risks, including corruption or the
lack of good corporate governance practices, poses a
threat to investor confidence and sustainability. When
ESG is not included in risk evaluation, then there is a
possibility of getting wrong estimates, wrong risk
pricing, and exposure to new risks that were not
originally included (Bessen, 2019).

As risk management specialists, actuaries are central
to the process of integrating ESG factors into risk
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models. Specifically, while actuaries have been
primarily involved in analyzing insurance, pensions,
and financial risks, they are now expected to widen
their frameworks to incorporate ESG factors (Land,
2022). They are using high-level quantitative tools
such as predictive modeling and machine learning on
how ESG factors could potentially affect long-term
risk situations. It involves evaluating the risks and
rewards, or loss and damage, that ESG factors can
create on property insurance rates due to climate
change, credit risks on corporate bonds due to
governance issues, and value alterations due to social
issues in determining the worth of the business (Kahn,
1990). In this context, it is vital to incorporate ESG
into actuarial work, as it will enhance the models’
results and enable organizations to make more
effective decisions.

These approaches are also transforming the actuarial
processes of risk assessment and decision making.
Past approaches employed routine actuarial methods
based on data input and analytical measures that were
predominantly demographic or financial. That being
said, modern resources such as big data, satellite
imagery, social networks, and environmental metrics
enable actuaries to use real-time data to consider ESG
risks more accurately (Smiles & Purcell, 2023). It is
crucial for actuaries to use advanced tools such as
machine learning and artificial intelligence to analyze
large data sets and accurately predict future risks.
These work in tandem with the actuarial models to
provide a more detailed view of the ESG factors and,
being derived from data, add more information on the
risk and return profiles.

Consequently, the importance of the assessment of esg
risks in modern financial and insurance industries
cannot be overemphasized. As regulators step up
enforcement, stakeholders become more sensitive to
social issues, and investors demand more
accountability to address social issues, organizations
face a new environment. Csurally, actuaries are
playing a proactive role in this transition by advising
organizations on ESG risks and ensuring that their risk
management  frameworks  reflect  sustainable
development objectives (Gatti & Chiarella, 2020). The
implementation of ESG principles in actuarial practice
does not only improve the evaluation of risks but also
makes a positive impact towards the fight for
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sustainable, ethical and sustainable business in the
global economy.

The Role of Actuaries in Risk Assessment
Traditionally, actuaries’ contributions have focused on
the assessment of risks by employing mathematical,
statistical, and financial theory frameworks to measure
the prospect of future occurrence and its monetary
repercussions. For instance, actuaries have been
important in fields like insurance, pension, and
investments, where their major role has been to
quantify and manage risk related to uncertainty,
including mortality, morbidity, and property perils
(Threlfall et al,. 2020). Thus, with the help of data and
sophisticated techniques, actuaries work on various
pricing schedules, establishing premiums, setting up
reserves, and managing long-term risks and
obligations, thus keeping businesses viable and
financially healthy.

Conventional Actuarial Processes

Historically, actuarial practices have largely relied on
recorded history and statistical techniques to predict
future risks. For instance, in fields such as life
insurance, actuaries employ demographic information
to estimate life spans and mortality statistics to assist
the insurance companies in setting premiums (Shapiro,
2007). In the same category of property and casualty
insurance, actuaries use statistical data to ascertain
probabilities and losses from claims arising from
natural disasters or accidents.

Actuarial models have consequently followed several
long-standing maxims that include the laws of large
numbers, and reliance on the past events to predict the
occurrence of similar events in the future
(Pranugrahaning et a,. 2023). These models are
generally based on measurable and tangible risk
factors, including physical well-being, illness or
accidents, or business metrics such as revenues. The
profession of actuaries has also set out clear and
efficient techniques for estimating risks as well as the
capital required to underwrite potential future losses
so that insurance companies stay financially sound and
can fulfill their commitments to policyholders.

Transformation to Implement ESG Risk Assessment
With the current upsurge of concern over ESG factors,
actuaries are being asked to expand their traditional
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approaches to risk assessment beyond financial
concerns. Regular financial audits are important in
enhancing internal controls but there needs to be better
methodologies generated to face ESG threats(Adebiyi,
Nwokedi, et al., 2025). While ESG risks are difficult
to define and quantify, it is clear that ESG threats may
significantly affect the performance of enterprises.
Climate change and natural disasters pose risks with
direct effects on the build and the value of the
insurance products (Condon, 2023). Political risks like
strikes or boycotts, pose threats to operational
reputation and can result in legal or financial
repercussions. Governing risks encompass instances
of corporate fraud or failure to adhere to regulatory
requirements, which negatively affect shareholder
wealth and investor trust.

To address these emergent threats, the actuaries are
shifting their approaches to integrate ESG factors into
their risk frameworks (Bickel, 2023). For instance, in
the insurance industry, the underwriting models of
property insurance are now including the increased
occurrence and intensity of storms because of climate
change. In the same way, in investment risk models,
the actuaries are trying to assess how the company’s
corporate governance or labor issues are likely to
influence the company’s stock price or sustainability
of steady earnings.

However, this transition is not without its challenges.
The risks are sometimes vague because they can be
associated with company actions, regulatory shifts, or
environmental trends that are not necessarily
measurable or predictable. ESG risks differ from
conventional risks as they involve several factors that
cannot be foreseen and predicted, unlike traditional
risks that are estimated based on characteristics like
probability and historical data (Roettgering, 2023).
Therefore, actuaries need to employ new approaches
and instruments to evaluate such risks, such as
statistical models that would take into consideration
the inherent uncertainties and interconnectedness of
ESG factors.

The Transformation of the Profession of Actuaries in
the Present Age

They continue that with the growth of big data and
analytics, the role of actuaries is changing at a fast
pace. Today, actuaries are improving their risk models
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with diverse data from different sources, such as
satellite imagery, social media sentiment analysis, and
financial statements. This has facilitated ESG factors
integration into risk assessment models, helping
actuaries to make better decisions.

For instance, satellite imagery and geographic
information can yield information about the risky
areas concerning the environment, which includes
floods, deforestation, or changes in land use. One form
of data generated about a firm is through social media,
which can help the firm gauge public opinion on its
social responsibility practices, especially when such
opinions are negative and could potentially harm the
firm’s reputation (Chime, 2024). Although it is
difficult to estimate governance related risk, financial
and corporate governance data show that it is possible
to categorize certain companies as being at higher risk
for governance problems, which in turn may indicate
weak management or inadequate adherence to code.
When integrated with big data and used together with
Artificial Intelligence and Machine Learning models,
these data sources provide actuaries with a foundation
for constructing more comprehensive and accurate
models that reflect ESG risks.

In an environment with increased reliance on data
analytics, actuaries need to be fluent in raw data and
use complex statistical analysis techniques to analyze
relationships between data sets. This calls for skills in
data analytics and manipulations, Machine learning,
and Artificial intelligence. Actuaries are now expected
to be not only knowledgeable about traditional risk
management approaches, but also capable of
leveraging big data tools to support ESG risk analysis.
Issues Related to the Integration of ESG Factors in
Actuarial Calculations

While data-driven solutions provide possible ways to
solve the problem, integrating ESG factors into
actuarial models is characterized by certain
difficulties. One of the major challenges that require
immediate attention is a vast lack of standard and
quality information on ESG factors. ESG data, in
contrast, may be more ambiguous and diverse than
data that measure business risk — this means that they
can be inconsistent and dissimilar across different
organizations and industries. For example, companies
may be using different metrics or what may be
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considered as appropriate standards in the
measurement of its impact on the environment making
it very hard for actuaries to determine the liability on
environmental risks (Watson, 2022).

Furthermore, ESG risks can be harder to measure in
comparison to other risks since they are broader and
complex. For instance, the quality of a company’s
governance systems and structures and its overall
profitability or reputation can be affected by other
non-financial ~ characteristics such as brand
recognition, consumer confidence and legal reforms.
It must be noted that actuaries are not completely
devoid of using quantitative assessments and expert
judgment, which adds an element of bias to the risk
models (Caterpillar, 2023).

Another source of tension is the ambiguity about ESG
risks themselves. It is also crucial to note that ESG
risks are qualitatively different from conventional
risks, as they are much less predictable due to their
nature and the fact that they tend to be associated with
long-term trends (Raval, 2023). For example, the
effects of climate change on business operations may
be difficult to identify, and accrual financial effects
may only emerge over several decades or even
centuries, which limits the ability of actuaries to
analyze the risks within a short time frame.

Nevertheless, the inclusion of ESG factors into
actuarial models is gradually emerging as a crucial
issue. Actuaries need to persevere in applying
innovative approaches and solutions in assessing risks
within this new paradigm given that ESG risks
represent a growing challenge (Brynjolfsson &
Mcafee, 2014). In this way, they will be able to
consider the challenges of the contemporary world and
contribute to restoring the financial stability and
profitability of firms and investors.

Understanding ESG Factors in Actuarial Risk Models
Integrating ESG factors in actuarial risk models
involves an understanding of how these aspects affect
financial and business sustainability. The three
categories of ESG components, Environmental,
Social, and Governance each impacts risk in its own
way and actuaries have to incorporate these into
models that they are used to (Gatti & Chiarella, 2020).
In the sections below, we first discuss how these
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factors are reflected in actuarial models, and second,
present specific instances of how they play out in
insurance and financial markets.

Environmental Factors: Economies, Climate Change,
Natural Disasters, Regulatory Changes Environmental
risks are the ESG factors that may be considered more
easily incorporated into the actuarial models as they
are typically associated with physical and financial
risks that can be easily quantified. Important
considerations for developing models are the climate
change, changes in the frequency and intensity of
natural disasters, and changes in the environmental
legislation (Latz, 1989).

Climate Change: Climate change is becoming a more
recognized variable in actuarial work as it influences
temperature levels, sea levels, and increased risk of
severe weather for sectors such as property and
casualty insurance. For instance, some regions could
experience more severe and frequent events such as
wildfires or flooding due to climate change, which
may require higher insurance premiums for properties
(Dighy, 2024). To anticipate these alterations,
actuaries factor climate risks into estimating these
shifts through models that dissect weather patterns and
simulate various outcomes to estimate possible claims.
Natural Disasters: Another example of an
environmental risk that has immediate impact on
insurance premiums and risk assessment is natural
disasters including hurricanes, floods, and earthquakes
(Stewardship, 2020). Using factors such as geography,
climate, and historical records of disastrous events,
actuaries are able to determine the likelihood of these
occurrences and to quantify the possible losses. For
instance, an insurance company that provides policies
in hurricane-related areas must set reasonable prices
that include the risks that climate change and frequent
natural disasters pose.

Regulatory Changes: Currently, the governments of
the developed and developing nations are coming up
with environmental policies to address climate change
impacts. Such regulations can impact businesses
across production sectors, such as emission standards
or reporting practices (Lacity & Willcocks, 2016). It
requires actuaries to evaluate possible consequences
associated with such regulatory changes and their
impact on the financial performance, business

ICONIC RESEARCH AND ENGINEERING JOURNALS 508



© FEB 2025 | IRE Journals | Volume 8 Issue 8 | ISSN: 2456-8880

processes, and liabilities  (Kuhn,  2022).
Noncompliance risks fines, disrupted operations or
negative brand impacts which could influence an
insurer’s technical balance sheet.

Social Factors: Out of all the areas such as Diversity
and Human Rights, Labor Relations, and Community
Impact,

The legal considerations refer to how a firm complies
with and adheres to the legal requirements regarding
its operations while social factors concern how a
business treats its internal and external stakeholders.
These factors affect business risk through reputational
losses, legal expenses, and operational losses.

Diversity: If a company lacks a strategy for promoting
diversity and inclusion, they could experience
negative effects from society, regulators, and lower
efficiency. In considering such risks, actuaries
incorporate data such as employee attrition rates,
output, and perceptions. Specifically, organisations
that lack or have deleterious diversity policies and
procedures may incur elevated costs in recruitment,
staff turnover, and litigation in the long run, increasing
organisational volatility and risk (Balantrapu, 2020).
There are steps that organisations can take to meet the
objectives of information transparency, this might
involve explaining where the data is coming from as
well as the process for generating adaptive policies
and decisions (Zhuwankinyu et al., 2025). For
example, an organization that has been blamed for
racial discrimination in courts may be at higher risk of
facing liabilities thus altering the price of liability
insurance.

Human Rights and Labor Relations: Emerging issues
like human rights abuses or labor standards, including
forced labor, unsafe working conditions, or
employment of children IF violated, might result in
reputational losses or legal consequences. Actuaries
also estimate the potential risks that can be incurred as
a result of violations of these stipulations, such as
monetary penalties, legal proceedings, and supply
chain interuptions. Business interruption risk has been
considered in insurance models especially in sectors
such as manufacturing or retail due to labor strikes or
human rights abuse in supply chain.
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Community Impact: Some of the risks that the
company is exposed to for lack of appropriate positive
interactions with the local communities include protest
and demonstrations by the community, boycott by the
consumers, and fines from the regulatory authorities.
For instance, a corporate body that pollutes the
environment or that operates contrary to labor laws of
the country may face fines and reputational loss (Arntz
et al,. 2016). When assessing social risks, actuaries
incorporate such factors into risk models to determine
the prevalence and possible expenses of reputation
damage driven by the community on stock prices,
product demand, and customer loyalty.

Governance Factors: Corporate ethics are the moral
standards set by a company, Board of directors is the
executive governing body of a corporation, Business
transparency is the degree of disclosure of an
organization’s activities to external parties (Buczak &
Guven, 2015).

This area of fundamentals concerns the management
of a firm and the ethical principles upheld to govern its
operations and disclosures. Robust governance
frameworks mitigate legal, financial, and reputational
risks while ineffective frameworks open up many
possibilities for liabilities.

Corporate Ethics: The case of ethical failures involve
fraud, corruption, or mismanagement could lead to
financial and legal reprisals and reputational losses. As
for the second aspect, governance risk factors are
defined as the effects of scandals on such aspects as
the company’s solvency (Babu, 2024). For instance,
legal costs in liabilities, fines, penalties as well as lost
market capitalization have an impact on the cost of
liability insurance and expected claims. Businesses
that have been involved in antisocial behaviours such
as bribery or fraud may be perceived as credit risky not
only by insurers but also by investors.

Board Composition: The board of directors should
have an optimal mix of specialists and independent
directors to ensure that the latter effectively monitor
the company’s operations. Lastly, actuaries evaluate
the probability of what is wrong with board
governance; for instance, conflicts of interest, lack of
responsibility, or decision-making incompetence.
Such firms can experience higher operational risks,
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regulatory pressures, and shareholders’ activism due
to a poor board setup (Horn & Jackson, 2021).
Insurance models that assess the governance risk may
incorporate the stability of leadership as a factor that
determines the overall financial health of the company
during financial shocks.

Business Transparency: Clear disclosure of financial
information as well as other practices of the business
should form the basis of good governance.
Information on corporate transparency such as audit
reports and disclosure Activities are pertinent in
analyzing risk by Actuaries (Hsieh, 2019). Business
entities that do not embrace the culture of transparency
may suffer increased legal and financial risks due to
increased scrutiny by stakeholders such as investors,
customers, and regulators. This could result in
increased claims in insurance due to litigation or more
scrutiny, and that is what actuaries eschew when
setting premium rates.

How These Factors Impact Insurance and Financial
Markets: Examples

The integration of ESG factors into actuarial risk
models is not just theoretical — there are clear
examples where these factors have already had a
tangible impact on insurance and financial markets:
Insurance Pricing for Climate Change: For areas that
are susceptible to natural calamities, there have been
changes in policy pricing to accommodate climate
change risk. For example, insurers in the U.S. have
started to increase the rates that they charge
homeowners in flood-prone areas and coastal areas
due to climate change which causes more hurricanes
and floods. It includes data collected from the
surroundings and through statistical methods to
forecast the possibility and cost that will occur in the
future.

Reputation-Driven Stock Price Volatility: MNCs
tainted by governance failures including the well-
publicized VW emission control system scandal
suffered severe losses in their stock values.
Governance failures are seen by actuaries when
evaluating investment risks as an indication of
possible financial instability. Some of the potential
benefits for firms include: Shareholders may consider
companies with better governance mechanisms to be
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less risky, which could mean more stable stock returns
and lower costs of insurance to investors.

Human Rights Violations and Supply Chain Risk:
Many companies become entangled in labor violations
or human rights risks in the supply chain, which leads
to financial losses and reputational damage. For
instance, firms like Nike that pinned reputations for
labor issues in overseas production houses lost stock
value and reputation (Davenport, 2018). These social
risks are incorporated into models used by actuaries,
which analyze the potential costs of such violations
and factor them into insurance premiums.

Data-Driven ESG Risk Assessment Models
Industry-driven ESG risk assessment models are
transforming how actuaries and other finance
specialists approach and quantify risks tied to
environment, social, and governance issues. These
models employ huge datasets collected from various
sources and apply, for instance, predictive analytics,
machine learning, and Al to enhance the accuracy and
speed of risk analysis. The table below provides a
general insight into the type of data sources employed,
application of advanced technologies, and how the
actuaries’ work with these methods in ESG risk
analysis.

An overview of the various data sources that are
utilized in the ESG risk models

At the core of any ESG risk model, the data upon
which they depend are derived from various sources.
These sources range from traditional corporate
disclosures to more innovative real-time data streams:
Satellite Data: As far as other environmental hazards
are concerned, satellite imagery is quite instrumental
in the acquisition of information on factors such as
fires, floods or the depletion of forests. For instance,
satellites can capture current environmental shifts
including the thawing of ice caps or the reduction in
forest cover that majorly influence the operations of
sectors like agriculture, real estate, and insurers
(Gorbatov & Lane, 2021). Satellite images also help
actuaries to calculate the risks of natural disasters and
make the necessary changes to their models.

Social Media and Sentiment Analysis: While social
factors include opinions of the public and the
consumers; these can be monitored through the social

ICONIC RESEARCH AND ENGINEERING JOURNALS 510



© FEB 2025 | IRE Journals | Volume 8 Issue 8 | ISSN: 2456-8880

sites including the twitter, face book and linked in.
Using Al, sentiment analysis tools are used to analyze
large volumes of text data to track changes in public
sentiment concerning matters like labor rights,
diversity, or human rights abuses. This assists
actuaries in estimating the potential reputational
exposures a company might endure, recalibrating their
models according to the social risk that can emerge
from shifts in societal sentiment.

Financial Reports and Regulatory Filings: The basic
ESG measures from annual gross, Md&As, or public
filings like the 10-K in the US and other documents
like a CSR report are still relevant for the assessment
of ESG governance. These documents contain
information about a company’s financial status, its
disclosure policies, (Kossek et al,. 2021). These
reports enable actuaries to have a benchmark of the
existing risks concerning governance and financial
stability to be used in modeling future risks.

The Role of Big Data and Atrtificial Intelligence in
Measuring ESG Risks

With big data and Al, the predictive capability of the
ESG risk models can be improved significantly. Big
data is another concept, which can be defined as the
vast and different types of data that can be collected by
an organization from various sources giving better
insight of risk factors (Lambert, 2023). At the same
time, with the help of Al and machine learning, it is
possible to analyze this data and find patterns that may
remain unnoticed in a traditional approach.

Big Data Integration: It enables actuaries to consider
variables other than the traditional parameters, such as
microeconomic indicators, weather information, and
consumer behaviors, among others. That way,
actuaries are able to create more comprehensive
models regarding the ESG-risk concerns such as
alterations in the market preferences given the
environmental causes or changes in insurance claims
after catastrophes (Templin, 2011). In comparison to
conventional data analysis, big data analyzes millions
of sources and offers real-time processing, which
constitutes a more effective approach to risk
prediction.

Artificial Intelligence and Machine Learning:
Artificial intelligence and machine learning are
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capable of identifying intricate patterns in vast
amounts of data. These technologies can delve deeply
and find patterns of ESG factors influencing financial
parameters such as how a firm’s environmental
standards impact its earnings or how social issues (like
employee unrest) impact share prices. For example,
there is an option of training machine learning models
to estimate the probability of reputational loss arising
from aspects like environmental disasters or failures in
corporate governance, which enables actuaries to
adjust the risk premia.

How Actuaries Apply Predictive Analytics, Machine
Learning, and Al for Analyzing Data-Driven Risks
Today, actuaries have adopted sophisticated analytical
tools like predictive analytics, machine learning, and
Al in ESG risk models. The lack of training and
expertise in these areas would likely present a
significant barrier to the effective adoption of these
technologies (Lawrence & Mupa, 2024). Actuarial
science involves analyzing past performance to
estimate probable loss occurrences in the future; thus,
actuaries can avoid or control such events. For
instance, the underwriting models can predict the
climatic change that will inform property insurance
premiums by assessing future weather patterns, rising
seas, disasters, among others. Satellite-based Al
solutions track oil spills or deforestation taking place
around energy projects for ESG reports in real time, all
this shows how Al can be leveraged (Adebiyi,
Lawrence, et al., 2025).

Machine Learning Models: Risk models can be refined
over time through the incorporation of machine
learning algorithms, which are capable of discovering
new relationships between data as more information
accumulates. This makes it possible for the actuaries
to update their models in real-time, based on the
obtained data. For example, if there is a leadership
change for a specific firm (for instance, change of
board of directors), the machine learning algorithms
can re-evaluate the new change and predict the
likelihood of great loss or change in shareholder value
or public image.

Al for Enhanced Risk Assessment: They assist
actuaries in the analysis of structured data (financial
statements, satellite imagery), as well as unstructured
data (social media posts, articles). Text mining
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techniques in NLP assist Al systems in drawing
conclusions from large volumes of text data like the
overall approval of organizations’ ethical standards or
tracking the number of environmental law breaches
(Rousseau et al,. 2021). This results in more refined
risk assessments where ESG factors are incorporated
into conventional actuarial analyses.

Case Studies of Companies Incorporating ESG
Factors through Data Analytics

Munich Re (Reinsurance Company): Global reinsurer
Munich Re, for instance, applies big data and
predictive analytics to simulate climate impacts. The
company is able to combine factors such as satellite
imagery, weather information, and geographical
mapping data into the company’s actuarial models to
determine the likelihood and concentration of natural
disasters in particular areas. With the help of Al-based
predictive models, the company was able to estimate
more accurately the frequency and severity of
weather-related claims for property and casualty
insurance and thus setting better premiums.

BlackRock (Investment Management): A new
example from the investment management industry
emerges from BlackRock, a global firm that has
integrated ESG factors into risk models through data
analysis and machine learning. By integrating
information from financial statements, legal
documents, and social media pages, it evaluates the
sustainability of firms in its portfolio (Eccles &
Klimenko, 2019). This financial demand can be
problematic, especially for smaller producers who do
not have access to large amounts of capital (Adebiyi,
Adeoti, et al., 2025). The models developed by
BlackRock assist in determining the prospective losses
of investments due to the long-term effects of various
ESG risks on returns, allowing the firm to handle
ESG-linked risks better.

AXA (Insurance Company): For instance, AXA, a
leading global insurance firm, has been using data
methods to factor climate risk into insurance
premiums. The company relies on satellite imagery,
geographic information, and climate data to evaluate
the likelihood of natural disasters in the regions. With
the help of machine learning, AXA improved its
underwriting management, which in turn enabled the
company to price insurance policies more accurately
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and effectively taking into consideration the given
climate change consequences.

Actuarial Implications of ESG Risk Models

The inclusion of ESG factors into actuarial models
involves major changes to the existing risk assessment
paradigms. Since these concerns represent non-
financial risks in business environments, actuaries
need to make adjustments to their mathematical
models and capture the ramifications of environmental
concerns and shifts in social and governance factors.
This involves using information on climate change,
regulatory shifts, human rights, and corporate
governance to get a comprehensive picture of risk.

Pricing, underwriting, and claim areas are some of the
most significant effects of ESG on actuarial work. For
example, insurers may require revising the rates
depending on the specific risks resulting from climate
change, including floods or wildfires. Social changes
such as shift in public attitude or a strike is also likely
to influence the occurrence and cost of claims which
makes it necessary for underwriters to adjust their risk
assumptions (Schein, 2010). These factors have to be
reflected in the financial models in order to make the
pricing accurately reflect the actual risk exposure.

Moreover, ESG risks can severely affect long-term
liabilities, reserves, and solvency of businesses and
organizations. For instance, climate change may lead
to higher occurrence of natural catastrophes, which
could raise the sustainability of liabilities in property
and casualty insurance. Due to the risks that lie with
ESG factors, actuaries need to revise their reserve
models so that the companies remain adequately
capitalized and ready for fluctuating risks.

The ethical dilemma that actuaries confront is how to
objectively and openly address ESG factors in their
recommendations. The so-called ‘investment
equivalent risks’ must be adequately captured by their
models without any distortion, especially where ESG
risks stem from governance or social issues. With
increasing importance placed on ESG factors,
actuaries face the challenge of maximising
profitability while being mindful of social and
environmental implications and maintaining high
ethical calibre while mitigating these exposures.
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Challenges in Integrating ESG into Actuarial Models
The main issues that arise when incorporating ESG
factors into actuarial calculations include data quality
and availability as well as the comparability of ESG
data and information. One issue with ESG data is that
it is frequently missing or inconclusive, with firms
sharing disparate metrics and employing diverse
methodologies to crunch the numbers, which makes it
tricky for actuaries to assimilate this data. It could also
be attributed to the absence of consistent standards in
ESG reporting that makes integration of such factors
in risk models even harder.

Also, to some extent, quantifiable factors of ESG must
be complemented with the non-numerical information
which also play a role in the assessment of risks, e.g.
business ethics or social engagements of corporations.
Another weakness of data-driven models is that they
are limited by the examples they can identify and
therefore cannot take into account broader social or
cultural issues that may affect risk such as changing
public perception or cultural shift in the society.

One difficulty relates to the explicit management of
bias in the approach of data-driven decision making.
Undesirable decision biases and prejudices may be
embodied in machine learning algorithms and Al
tools, which, in turn, can distort risk assessment based
on existing bias inherent in society and/or a company.
Due to the central role played by these models in
decision making, actuaries need to exercise caution
and ensure that these models are indeed neutral.

The Future of ESG Risk Assessment in Actuarial
Science

With the rising focus on environmental, social, and
governance (ESG) factors, actuarial science is
growing even further. ESG regulation and reporting
are moving up the priority list, raising the demand for
actuaries proficient in quantitative measurement of
ESG risks (Boffo & Patalano, 2020). This shift in
regulation creates further opportunities for actuaries in
ESG advisory; actuaries can now consult
organizations and help them incorporate ESG into risk
management frameworks.

In terms of actuarial education, the future appears to

be shaped by specialized training in ESG, which
means that actuaries will have to learn how to work
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with sustainability factors and social impact
assessments (Camacho, 2024). It means that actuaries
will need to master new tools for analyzing various
data connected to ESG risks and opportunities.

Furthermore, the following points indicate that data
analytics approaches will also define actuarial practice
in the coming years: The application of analytics and
machine learning algorithms to ESG risk scores will
strengthen the acumen of the actuaries and help them
make better recommendations. In this way, big data
helps actuaries in regards to predicting potential ESG-
related impacts on financial performance and makes
them key actors in the shifts in risk management and
corporate sustainability.

CONCLUSION

The incorporation of data analytics techniques into
ESG risk management has profound implications for
the actuarial profession. Through the use of superior
analytical techniques, actuaries can better address and
measure ESG risk factors in various situations and
boost decision-making processes. Not only does this
change enhance the quality of risk evaluation but also
allows actuaries to participate in the provision of
crucial guidance on the sustainability of investment
and business plans. Additionally, given the heightened
emphasis on sustainability across organizations,
actuaries with strong skills in data analytics and ESG
integration will be in high demand. Thus, it is crucial
to emphasize the specifics of and constant learning
within the profession to underline the actuaries’ role
and relevance to risk management frameworks amid
such changes. Such changes must be adopted to allow
actuaries to foster positive impacts towards
sustainable practices to increase their importance and
advocacy in a constantly shifting economic world.
Therefore, it can be safely stated that actuarial
science’s future depends on the effective adoption of
data-driven ESG frameworks.
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