The challenges of modelling
climate risk in a changing world

By Ladislao Vidal

CLIMATE risk has emerged as one
of the most formidable challenges
of our time, affecting economies,
financial systems and societies at
large.

From rare catastrophic physical
events to sudden shifts in policy
and consumer behaviour, the un-
certainties inherent in climate risk
make it incredibly difficult to mod-
el accurately.

In this column, I look into the
complexities of modelling climate
risk, focusing on both the physical
and transition risks that arise from
societal and political changes.

[ also consider the implications
for financial risk management and
economic resource allocation.

Regime change and the

data problem

At the heart of physical climate risk
modelling is the challenge of deal-
ing with a rapidly changing climate
regime.

Historically, risk models have
relied on extensive data sets that
describe past events.

However, with climate change,
the evidence of future risk events
is not yet present in the historical
record.

In addition, modelling the “left
tail” of the probability distribution
- the region that represents rare
but catastrophic losses - is chal-
lenging even without assuming
any regime change. By definition,
extreme events are underrepre-
sented in historical data, yet they
are precisely the outcomes that
could have devastating conse-
quences.

For example, flood defences, ur-
ban planning and agricultural in-
vestments might be based on his-
torical climate patterns.

However, as climate change al-
ters weather patterns and increas-
es the frequency and severity of ex-
treme events, historical data be-
comes an unreliable guide for fu-
ture risk.

Without accurate data for these

new regimes, the models may un-
derestimate the likelihood and im-
pact of such events, leaving com-
munities and financial institutions
exposed to unforeseen shocks.

The butterfly effect

The inherent difficulty in model-
ling climate risk is further exacer-
bated by what meteorologist Ed-
ward Lorenz famously termed the
“butterfly effect”. This phenome-
non highlights the extreme sensi-
tivity of complex systems —suchas
the earth’s climate-to initial condi-
tions.

A minute error in input data can
result in drastically different out-
puts.

For instance, small discrepan-
cies in temperature, humidity or
wind speed inputs can lead to en-
tirely divergent climate projec-
tions when extended decades into
the future.

In practical terms, climate mod-
els that forecast weather or climate
trends for 2030 or 2040 must con-
tend with a high degree of uncer-
tainty.

The chaotic nature of the cli-
mate system means that even
state-of-the-art models, when fed
slightly imperfect data, can yield
unreliable predictions.

This “chaos” propagates into fi-
nancial risk management, where
the outputs of climate models
serve as inputs for financial mod-
els.

As a result, uncertainties com-
pound, potentially rendering the
final predictions for physical risk
worthless.

Complexity of transition risk

While physical risk stems from di-
rect impacts such as extreme
weather, transition risk refers to
the economic and financial reper-
cussions of the shift towards a low-
carbon economy.

This includes a variety of fac-
tors, such as political restrictions
on emissions, shifts in consumer
demand, technological changes,
and even geopolitical tensions.

Transition risk is characterised
by a high degree of uncertainty, of-
ten driven by so-called “unknown
unknowns”, or unforeseen events
for which we have no historical ex-
perience. In other words, we don't
evenrealise we should be consider-
ing these risks when modelling or
making decisions.

For example, consider policies
aimed at curbing carbon emis-
sions. While well-intentioned,
these policies can disrupt industri-
es that rely heavily on fossil fuels.
Companies in these sectors might
see sudden drops in stock value,
and regions dependent on these in-
dustries may experience economic
downturns.

Moreover, consumer preferenc-
es are rapidly evolving, and market
forces may accelerate or decelerate
the pace of transition in unpredict-
able ways. All these second- and
third-order effects might not be ob-
vious at the policy inception date.

Financial risk management tra-
ditionally relies on statistical mod-
els that work well under conditions
of relative stability. However, when
faced with transition risk, these
models struggle because the fu-
ture does not resemble the past.
The events that drive transition
risk are often unprecedented, and
their effects can be both systemic
and non-linear.

In the realm of transition risk,
the advice of risk management
thinkers such as Nassim Nicholas
Taleb becomes particularly rele-
vant.

Taleb, known for his work on
“black swan” events, argues that
when facing unknown unknowns,
it is more prudent to adopt strate-
gies that account for extreme un-
certainty.

His approach suggests that in-
stead of trying to predict every
possible outcome with precision,
risk managers should focus on
building resilient systems that can
absorb shocks. This involves:

B Diversification: Avoiding
overconcentration in any single as-
set or sector.

B Redundancy: Building in extra
capacity or safety margins to han-
dle unforeseen events.

W Flexibility: Designing policies
and financial instruments that can

adapt to changing circumstances.

B Stress testing: Regularly simu-
lating extreme scenarios to eval-
uate how systems respond under
duress.

Adopting these strategies can
help mitigate the impact of transi-
tion risk, even when the underly-
ing drivers are difficult to predict.

The relevance of this approach
has been highlighted by the recent
wildfires in California.

While the general trend towards
more wildfires might have been
predictable from a statistical
standpoint given the increased
temperatures, drought conditions
and rain patterns, the timing, loca-
tion and severity of the event were
not.

Asrisk managers, it is the sever-
ity of the event that we want to pre-
dict, not just the occurrence of a
wildfire.

That's why financial institutions
need to incorporate climate risk in-
to their risk management frame-
works, although the compounded
uncertainties pose significant chal-
lenges, leading to potential mis-
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pricing of risk and misallocation of
capital.

Data scarcity and prediction
problems might be solved up to a
point. One promising avenue to
improve climate risk modelling is
the integration of multidisciplin-
ary insights.

Advances in data science, ma-
chine learning and complexity the-
ory offer tools that may enhance
the predictive capabilities of tradi-
tional climate and financial mod-
els.

For example, ensemble model-
ling, where multiple models are
runin parallel to provide a range of
outcomes, can help capture theun-
certainty inherent in each individ-
ual model.

What's next
Moreover, incorporating real-time
data from sensors, satellites and
Internet-of-Things devices can
provide more granular inputs, po-
tentially reducing some of the er-
rors that lead to divergent out-
comes in climate modelling.
These technological advances,
however, must be integrated with a
keen awareness of their limita-
tions. As the models become more
complex, so too does the potential
for cascading errors if the initial
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conditions are not accurately cap-
tured.

Policymakers and regulators are
also grappling with the implica-
tions of climate risk for financial
stability.

There is a growing consensus
that stress tests and scenario anal-
yses should incorporate climate-
related risks, not just traditional fi-
nancial risks.

The European Central Bank and
the Federal Reserve, for instance,
have initiated studies to assess the
resilience of the financial system
against climate shocks.

These regulatory efforts under-
score the importance of a holistic
approach to risk management, one
that integrates climate science, fi-
nancial modelling and policy anal-
ysis.

As climate risk becomes in-
creasingly central to global eco-
nomic stability, collaboration be-
tween these disciplines will be es-
sential to safeguard against both
physical and transition risks.
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