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Disclaimer

This presentation and associated materials are provided for
informational purposes only. Views expressed in this work are the
author’s views.
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What is a Model?

Obviously, this is a challenging problem, requiring an extensive and
entangled investigation!

According to the US Federal Reserve “the term model refers to a
quantitative method, system, or approach that applies statistical,
economic, financial, or mathematical theories, techniques, and
assumptions to process input data into quantitative estimates”.

Banks rely heavily on models in most aspects of financial decision
making. They use models for activities such as underwriting credits,
valuing exposures, instruments and positions, measuring risk,
managing client assets, determining capital and reserve adequacy.

Our short presentation mostly sheds a few rays of light on model risk
emanating from the use of derivatives pricing models.
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Regulatory Guidance I
There are two milestones.

I On 4th April 2011 the Federal Reserve and the Office of the
Comptroller of the Currency (OCC) published the Supervisory
Guidance on Model Risk Management (OCC 2011-12/SR11-7).
Laying out the basic principles for model risk management it
turned out as the key regulatory guidance for model risk
management and model validation in the US.

“The use of models invariably presents model risk, which is the
potential for adverse consequences from decisions based on incorrect
or misused model outputs and reports.”

I In the EU, model risk management is located as part of the
governance component of the annual Supervisory Review and
Evaluation Process (SREP). The associated standards are the
subject of the ECB’s Targeted Review of Internal Models (TRIM),
launched on 17 February 2017.
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Reflection in New Regulatory Standards I

I Reflection in IRB
I EBA CP Guidelines on PD estimation, LGD estimation and the

treatment of defaulted exposures (14th November 2016)
I As part of the review of the Advanced IRB approach the CP focuses

on the definitions and modelling techniques used in the estimation
of risk parameters for both non-defaulted and defaulted exposures.

I Reflection in IFRS 9
I The finalisation of the impairment requirements as part of the final

International Financial Reporting Standard 9 (24th July 2014)
requires banks to make use of a new group of credit risk models.
These models have to be developed, used and maintained.

I It is expected that the number of risk parameter models will double.
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Reflection in New Regulatory Standards II

I Reflection in FRTB
I The Fundamental Review of the Trading Book comprises model

updates of both, the advanced and standardised models including
stronger disclosure requirements and validation standards.

I A key task is a reduction of the differences between RWAs of
different banks with similar portfolios.

I The FRTB will also include an in-depth review of the Internal
Models Approach (IMA) including the modelling of tail risk.

I The FRTB will involve major changes for banks with model
permissions and for banks without.

I Reflection in TRIM
I The TRIM considers all of the coming changes in the supervisory

framework regarding the internal models.
I TRIM stipulates topics and models, selected on the basis of

supervisory knowledge of substantial issues requiring adjustment
and experience of regulators with particular portfolios and models.
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First Definitions

Derman 1996: Does not give an explicit definition but can be
summarised as: Model risk is the risk that the model is not a realistic
(or at least plausible) description of the factors that affect the
derivative’s value. (Value Approach)

Rebonato 2003: Model risk is the risk of occurrence of a significant
difference between the mark-to-model value of a complex and/or
illiquid instrument and the price at which the same instrument is
revealed to have been traded in the market. (Price Approach)

Morini 2011: Model risk is the possibility that a financial institution
suffers losses due to mistakes in the development and application of
valuation models. (Design Approach)
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Sources of Model Risk I

“A model may have fundamental errors and produce inaccurate
outputs when viewed against its design objective and intended
business uses.” (OCC 2011-12 / SR11-7)

I Model Choice pre-crisis methods (e. g., LIBOR rates as proxy
for risk-free rates, single curve approach for discounting and
funding) versus post-crisis methods (e. g. multi-curve,
collateralisation, negative IRs)

I Model Assumptions and Methodology input of advanced
mathematics, logic, structure, design

I Model Limitations use outside of model limitations?⇒
relation to OpRisk?
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Sources of Model Risk II

I Model Implementation Interpolation/extrapolation from similar
instruments, continuous time (SDEs, Itô, stochastic calculus,
semimartingales, PDEs) versus discrete time (trees, lattices),
interpolation methods (e.g. Newton, spline, linear/multilinear
regression), numerical algorithms, approximation and
convergence, error bounds, simulation (e.g. Monte Carlo,
Least-Squares Monte Carlo), computational complexity (P, NP,
NP-hard, AD, machine learning)⇒ relation to OpRisk?

I Model Calibration Type of calibration data (e.g. vanilla options,
volatility surface), size of calibration set (full data set, narrowed or
modified data), calibration time window (e. g. 1 day, 1 week)

I Model Inputs (in)adequate data quality, quantity of the data,
bootstrap techniques, statistical methods (confidence intervals,
distribution assumptions (e.g. Lognormal, Gaussian, Elliptic),
dependence modelling and fat tails (copulas))
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Example (Sketch) I

Barrier options (belonging to the class of path-dependent derivatives)
in general are highly sensitive to model risk, due to the fact that
different models put different probabilities on the barrier being
breached. This can lead to a large gap between prices!

This example just addresses one of the factors contributing to model
risk: choice of a model for the underlying. It could easily be extended
to cover further factors by enlarging the set of models so that also
various calibration approaches are included.

14 / 25



 

Example (Sketch) I

Barrier options (belonging to the class of path-dependent derivatives)
in general are highly sensitive to model risk, due to the fact that
different models put different probabilities on the barrier being
breached. This can lead to a large gap between prices!

This example just addresses one of the factors contributing to model
risk: choice of a model for the underlying. It could easily be extended
to cover further factors by enlarging the set of models so that also
various calibration approaches are included.

14 / 25



 

Example (Sketch) I

Barrier options (belonging to the class of path-dependent derivatives)
in general are highly sensitive to model risk, due to the fact that
different models put different probabilities on the barrier being
breached. This can lead to a large gap between prices!

This example just addresses one of the factors contributing to model
risk: choice of a model for the underlying. It could easily be extended
to cover further factors by enlarging the set of models so that also
various calibration approaches are included.

14 / 25



 

Example (Sketch) II

The stochastic dynamics of the underlying (a commodity return as
underlying of an energy derivative, say) can be modelled as one of the
following stochastic processes:
I Heston stochastic volatility model;
I Heston stochastic volatility with jumps;
I The Barndorff-Nielsen-Shephard model;
I Normal inverse Gaussian Lévy process with CIR stochastic clock;
I Normal inverse Gaussian Lévy process with Gamma-OU

stochastic clock;
I Variance Gamma Lévy process with CIR stochastic clock;
I Variance Gamma Lévy process with Gamma-OU stochastic clock.
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I Regulatory Framework

I A First Approach to Measure Model Risk

I A Sample of Model Risk
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A Quiz: Detect the Model Risk! I

Suppose the following (somewhat simplified) scenario is given:
Consider two future time instants t < 2t (t = 3 months, say). Today is
t = 0.

Assume that today bank B enters into an (uncollateralised) Forward
Rate Agreement (FRA) with bank S. When the FRA is traded the
“buyer” B is borrowing (and the “seller” S is lending) a specified
notional sum N at a fixed rate r∗ of interest (linearly compounded)
between t and 2t, where the “loan” commences at t.

The “buyer” B is the borrower of the notional N. Hence, if the interest
rates increase monotonically and exceed r∗ between the date that the
FRA is traded (i.e., at t = 0) and the date t that the FRA comes into
effect, bank B will be protected, else B would have to pay the difference
between the fixed FRA rate r∗ and the actual rate (LIBOR, say), as a
percentage of the notional N.
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A Quiz: Detect the Model Risk! II
Bank S, the “seller” of the FRA, is the lender of the notional N. Bank S
defines the fixed rate r∗. If there is a fall in interest rates bank S will
gain, and if there is a rise in rates bank S will pay.

The net position will be settled in cash in a payment made by bank S
to bank B at the beginning of the forward period (i.e., at the “settlement
date” t), discounted by an amount calculated using the reference
LIBOR rate L(t, 2t). This gives the amount

C(t) := D(t, 2t) · tN (L(t, 2t)− r∗)

in cash (paid by bank S to bank B), where for any 0 ≤ u ≤ v

D(u, v) :=
1

1 + (v− u) · L(u, v)

denotes the discount factor with respect to the LIBOR curve allocated
to the time-window [u, v].

To replicate the cash flow of the FRA bank B enters into a further
(uncollateralised) deal with a third market participant; CP C, say.
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A Quiz: Detect the Model Risk! III
In the following let us simply assume that N = 1

(no model risk here).

FRA long FRA replication
At t = 0 Bank B buys an FRA Bank S borrows D(0, t) until t

on N = 1 from bank S. from CP C (at L(0, t)) and
lends D(0, 2t) (1 + tr∗)
to CP C until 2t (at L(0, 2t)).

⇒ cash-flow = 0 ⇒ cash-flow
= D(0, t)− D(0, 2t) (1 + tr∗)

At t Bank B borrows N = 1 Bank S pays 1 to CP C.
from bank S (at L(t, 2t)) and Bank S borrows N = 1 from
receives C(t) from the FRA CP C again, until 2t (at L(t, 2t)).
⇒ cash-flow = 1 + C(t) ⇒ cash-flow = −1 + 1 = 0 (!)

At 2t Bank B pays Bank S pays 1 + tL(t, 2t) and
1 + tL(t, 2t) to bank S. receives 1 + tr∗ from CP C.
⇒ cash-flow ⇒ cash-flow
= − (1 + tL(t, 2t)) = t (r∗ − L(t, 2t))
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A Quiz: Detect the Model Risk! IV

Calculating the NPVs of both cash flows with respect to the underlying
LIBOR discount curve, we obtain

NPVB,S ≈ NPV ((0, 1,−(1 + tr∗)) = D(0, t)− D(0, 2t)(1 + tr∗)

and

NPVS,C = NPV ((0, 1,−(1 + tL(t, 2t)) = D(0, t)− D(0, 2t)(1 + tL(t, 2t)) .

Note that both NPVs involve the random variable L(t, 2t). However,
since NPVS,C does not require the calculation of D(t, 2t), the calculation
of NPVS,C in fact arises from two equalities (and does not require
“approximating” martingale methods as opposed to the case of
NPVB,S).
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A Quiz: Detect the Model Risk! V
How is the FRA rate r∗ constructed?

By definition, the FRA rate is given as the constant rate r∗ > 0 (at
t = 0) so that at t = 0 the NPV of the cash flow of the FRA buyer has
the value NPVB,S = 0.

Hence, solving

0 = NPVB,S = D(0, t)− D(0, 2t) · (1 + t r∗)

for r∗ gives

r∗ X=
1
t

(
D(0, t)
D(0, 2t)

− 1
)

(!)
=: F(0, t, 2t) ,

implying that r∗ precisely coincides with the simply compounded
forward rate for [t, 2t], prevailing at t = 0 ! Consequently, under the
2t-forward measure Q2t we obtain

r∗ = F(0, t, 2t)
(!)
= EQ2t [F(t, t, 2t)] = EQ2t [L(t, 2t)] .
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A Partial Answer - The Multi-curve Approach
The answer is “No !” (also) due to the following facts:

Since the credit crunch of mid-2007 discount rates are no longer
determined by LIBOR spot rates!

Since mid-2007 banks became increasingly reluctant to lend to each
other because of counterparty default concerns. As a result, LIBOR
quotes started to rise relative to other rates that involved very little
default risk, implying that LIBOR started to incorporate a credit spread,
reflecting the possibility that the borrowing bank may default.
The standard practice in the market now is to determine discount rates
from overnight indexed swap (OIS) rates when valuing all fully
collateralised derivatives transactions. Both, LIBOR and OIS rates are
based on interbank borrowing. However, the LIBOR zero curve is
based on borrowing rates for periods of one or more months, whereas
the OIS zero curve is based on overnight borrowing rates. In particular,

FOIS(t, t, 2t) 6= L(t, 2t).
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