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Managing risk is at the core of quantitative finance. In recent times, risk managers have
however been confronted with emerging taboos that hinder the identification,
quantification, and reporting of risks, often due to narratives conflicting with prevailing
notions of political correctness.

In this context, we overview some dynamics in sustainable finance and ESG
(Environmental, Social, and Governance) investing. We illustrate how promises made,
are subject to uncertainties, are based on subjective and biased data and are sometimes
mathematically just impossible. We elaborate on how ESG scoring facilitates green-
washing and increases systemic risk.

Moreover, we further elaborate on model risk and its repercussions, not confined solely
to derivative pricing, but also to climate risk. The omnipresence of model risk implies
there is substantial uncertainty over impact assessment in the field of climate risk
modelling.
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Warning !

A series of rating agencies are 
trying to quantify all ESG aspects.

There is a huge rating divergences.
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• STEP-UP MARGIN: 12.5BP 

• Science-Based Target No. 1” means Lumen’s 
target to reduce the sum of its annualized 
absolute market-based Scope 1 Direct Emissions 
and Scope 2 Indirect Emissions by 18% by 2025 
compared to Lumen’s 2018 base year emissions

• CALL DATE : 15/01/2024 

• One links “sustainability goals” with potential step-ups if target is missed.

• As investor you hope for a bad scenario ! 

• Call dates are sometimes BEFORE trigger dates.

Sustainability linked bonds
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ESG under Q



ESG Portfolio Investing



ESG Portfolio Investing









NO evidence high sustainability funds outperformed the low rated funds.

Maybe some investors would be happy to sacrifice financial returns in exchange for better ESG performance. Unfortunately 
ESG funds don’t seem to deliver better ESG performance either.

Conclusion: funds investing in companies that publicly embrace ESG sacrifice financial returns without gaining much.
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“We need to be honest about the fact that green products often come at a higher cost.”

Source: https://www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter

LARRY FINK'S 2022 LETTER TO CEOS:

A recent study of U.S. fund fees referred to investors in so-called sustainable funds paying “greeniums” 

compared to conventional funds.

Source: https://www.morningstar.com/content/dam/marketing/shared/pdfs/Research/annual-us-fund-fee-study-updated.pdf

https://www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter
https://www.morningstar.com/content/dam/marketing/shared/pdfs/Research/annual-us-fund-fee-study-updated.pdf


17



18



19



20

• ESG investing is from a quantitative finance point of view a SCAM.

• It can be seen as the implementation of a political agenda.

• Constrained optimizations lead to suboptimal investment decisions.

• Green washing is omnipresent.

• ESG investing is violating mandates (returns/risks).

• Informed consent is needed if you want to do politics with somebody else’s money.

• Litigation risk is enormous.  

• Enforcing ESG via regulation increases systemic risk.



Omnipresent Model Risk



Mathematical Models

Mathematical dynamics

- systems of (coupled) PDEs and or SDEs

- Examples : 
- Heat-equation
- Stochastic volatility models

Model parameters
- Observable parameters

- Earth’s gravity constant
- Calibration of unobservable parameters

- speed of mean reversion of volatility
- Solar activity intensity  
- …

Boundary conditions

- Initial conditions
- current stock price
- initial position & speed of particle

- Final conditions (e.g. payoff at maturity)
- Constraints (e.g. stock price is nonnegative) 

Fundamental laws

- Mass/energy conservation
- Non-arbitrage conditions
- Risk-neutral dynamics
- …

THEORETICAL MODEL



Mathematical Models

Mathematical dynamics PDEs/SDEs
- Numerical schemes for discritization

- Euler, Runge-Kutta, …
- Euler, Milstein, … Monte Carlo 

- Discretization/approximation
- size and shape

- Random number generator

Model parameters
- Observable parameters

- Accuracy of measurement
- Calibration of unobservable parameters

- Calibration instruments
- Objective function 
- Optimization algorithm

Imposing Boundary conditions
- Initial/final conditions

- accuracy
- Constraints

- Absorbing, reflecting, ...
- Overwrite/delete

Imposing Fundamental laws

- Rescaling
- De-drifting
- Quick fixes 
- …

NUMERICAL IMPLEMENTATION



MODEL LAND

Escaping Model Land
REAL WORLD and POLICY DECISIONS

• Scenario(s)
• Distribution(s)
• Point estimates (meaning)
• Error bounds

• Uncertainty quantification
• Limitations
• Alternatives
• Sensitivity analysis 

• Conflict-of-interests
• Accountability (skin-in-the-game)
• Falsification (if implemented how can one 

detect that the model is not performing 
as promised).



Model Risk 

MODEL 1 MODEL 2 MODEL 3 MODEL N

. . .

A variety of sophisticated and justifiable models could be available, all with their own 
specificities and incorporation of particular stylized features. None of them is 
superior/inferior – all just have a particular point of view.

WHAT IS THE IMPACT AND VARIABILITY ON THE PREDICTIONS/ESTIMATIONS WE WANT TO 
OBTAIN FROM THE MODELS ?



Calibration Risk 

Calibration is itself based on models with a variety of choices and numerical issues. 
Moreover it also involves a particular strong judgement of the modeler on what is 
important and what not, via the formulation of the objective function (e.g. minimization 
of SE, absolute error, tail risk, …). 



Implementation Risk

In the implementation plenty of choices need to be made looking for a balance between 
tractability and accuracy.
It also involves judgements of the modelers that can significantly impact final results and 
policy recommendations. 



CASE STUDIES

• FINANCE: the pricing and risk-management of financial derivatives 
and structured products.

• BUTTERFLY EFFECT

• CLIMATE: long term climate models



CASE STUDY : FINANCE



Model risk in finance 



Model risk in finance 

• A variety of sophisticated models can be 
calibrated almost perfectly on a given 
market.

• The models priced all observable almost 
perfect. 

• Model prices are calculated for 
unobservable products.

• Model prices vary significantly.

• Impact on book values are very significant.

MAIN CONCLUSION:
DO NOT TRUST JUST ONE MODEL TO MAKE FUTURE PREDICTIONS.
A VARIETY OF PLAUSIBLE MODELS CAN GIVE VERY DIFFERENT PREDICTIONS.



Calibration risk in finance 



Calibration risk in finance (1)

• Fixing one sophisticated model, calibration 
can be performed minimizing different error 
functions. 

• Calibrated model parameters are obtained 
for each error function.

• Model prices are calculated for 
unobservable products and again prices can 
vary significantly.

• Again impact on book values are very 
significant.



Calibration risk in finance 



Calibration risk in finance (2)

• Fixing one sophisticated model, calibration 
can be performed using different 
methodologies employing different data. 

• Calibrated model parameters are obtained 
for each method.

• Model prices are calculated for 
unobservable products and again prices 
can vary significantly.



CASE STUDY : BUTTERFLY EFFECT



The Butterfly Effect
The strong sensitivity of systems to small differences in the initial conditions.



The Butterfly Effect and Numerical Schemes
The strong sensitivity of systems to numerical schemes.



The Butterfly Effect and Numerical Schemes
The strong sensitivity of systems to grid size.



CASE STUDY : CLIMATE MODELLING



Climate Models – Mass-Energy Conservation

One of the most fundamental requirements of any physics-based model of climate 
change is that it must conserve mass and energy. 



Climate Models – Mass-Energy Conservation

• Coupled climate models are prone to ‘‘drift’’ (long-
term unforced trends in state variables) due to non-
closure of the global mass and energy budgets. 

• Causes:
• “The first relates to deficiencies in model

coupling, numerical schemes and/or physical
processes.”

• “… potential issues with the data that are
archived and made available to the research
community.”

CONCLUSION:
Coupled models are prone to “drift”. There are 
hence serious problems when it comes to our 
reliance on climate models. 

Cfr. Finance:

Imagine valuating derivatives not respecting 
risk-neutrality. 



Climate Models – Grid Size

Today’s grid spacing of global climate models is in the range 50-100 km, leading to 
staggering large uncertainties in climate projections.



Climate Models – Grid size

• Uncertainties remain staggering high.
• Even extreme values cannot be excluded.
• Key driver is computational resolution (grid 

size) together with the importance of small-
scale processes.

• These small scale processes can significantly 
amplify or reduce global warming.

CONCLUSION:
Computational resolution is still a problematic key 
issue.

Cfr. Finance:
Imagine running a Monte Carlo for valuating a path 
dependent exotic with time steps in the order of one 
month.



Climate Models – Cloud formation

• Cloud approximations are the main source of 
errors and uncertainties in climate simulations.

• Simulations of climate change are very sensitive 
to some of the parameters associated with 
these approximate representations of 
convective cloud systems4.

CONCLUSION:
There are huge uncertainties in current global climate 
models. Small scale processes (thunderstorms, rain 
showers, cloud processes, ocean eddies, …) are very 
important but not yet modelled accurately enough.

Cfr. Finance:

Imagine valuating vol-swaps with models 
without particular important stylized features 
like stochastic volatility.

https://www.nature.com/articles/515338a#ref-CR4


Back-testing

“We show that both the magnitude

of the trend in the AMOC over different time periods

and often even the sign of the trend differs between

observations and climate model ensemble mean, with

the magnitude of the trend difference becoming

even greater when looking at the CMIP6 ensemble

compared to CMIP5.”

CONCLUSION:

Back testing is not satisfactorily. Trend and even the 
sign are often different with observed reality.

Cfr. Finance:

Imagine model prices of derivatives would be 
systematically off with the actual traded prices…





There are huge uncertainties in long-term climate models

• Forecasting is enormously challenging.

• Climate involves many non-linear chaotic dynamics with butterfly effects.

• It's difficult to say what projections of our influences mean in the long term, given 

the difficult-to-forecast and complex background.

CONCLUSION:

Do not to put too much trust in models that intrinsically can not with high certainty model the aspects of 
a very complex reality one wants to model.



In sustainable finance there are plenty of significant risks which are not 
fully recognized with potential huge impacts.

There are huge uncertainties in long-term climate models and hence in all 
derived societal and financial decisions around it.

ESG investing is from a quantitative finance point of view a SCAM:
“Higher returns and lower risks” is a fairy tail.

Main Conclusions 

Enforcing ESG via regulation increases systemic risk.


