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History of Interest Rates
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Rates explain market prices of fixed income instruments

Input to liability valuation calculations for insurers and pension funds
If invested short, lower rates squeeze available balance sheet capital
Hurdle rates for project investments

At the apex of a dependency structure for many planning models (for
example, equity returns expressed as risk-free + risk premium)

Interest rates spreads affect profitability of carry trades (for example,
rolling futures, swaps against liabilities discounted at bond yields.)

A policy instrument that may be used to target inflation or FX rates.

05 June 2015 4



08/06/2015

UK Base Rates since 1694
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Internatioqal Comparison: 2 Year Gov Yields
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Recent Yields on German Bonds

-y
I C—
Vo

0.75%

0.50%

—4 year
3 year
2 year
—1 year

0.25%

0.00%
20

Source: Buba

-0.25% e

05 June 2015 8



08/06/2015

1.2%
1.0% "
0.8% | ly
M {

0.6% i A

i\" M \ —LIBOR

oIs

0.4% | A

Www’ P

l

R
W

0.0% = T T T
1990 V 95 2000 05 10 15

0.2% Source: Bank of England

05 June 2015 9

Institute
N\ | and Faculty
of Actuaries

Local Volatility Diffusion Models
Calibrating Drift and Volatility Terms
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Geometric Random Walk Models
A The default model for positive economic series (such as share prices
or foreign exchange rates)

A The absolute size of an extreme percentile stress is proportional to the
current level

A This is consistent with Solvency Il standard formula approach for
equities, property and the risk-free curve.
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The Rate Fall in 2012
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Test for Constant Volatility

2 The red line shows the
=2 cumulative sum of
8 squared log changes.
= © The abrupt change of
2 @ direction in the financial
-% s crisis shows that an
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What 1 f We Dondét Take Log:¢
o The blue line shows the
=2 cumulative sum of
e squared changes in
= © absolute rates. Here
S the slope is decreasing;
-% S the absolute level of
>3 volatility has reduced
-% 5 as rates have fallen.
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Displaced Random Walk Model
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The green line shows

close as we can get to

3 :
2 the cumulative sum of
8 squared changes in
= © log(r+3.48%). This is
2 @ closer to a constant
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What is a Diffusion Process?

A Generalise the arithmetic / geometric random walk

A Write down a plausible equation for interest rates and then fit
parameters.

A Fix a rate term, and consider r, as a Markov process
A Diffusion process i no discontinuities

A Characterised by conditional mean per unit time (drift) and
conditional variance per unit time (volatility squared)
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Diffusion Formula dr, = g(rydt + Gi(r)dz,
o
Q 5
> rot+e (ro)+u(ro)
ro+e (ro)-0(ro)
0 1 time
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The Cox-Ingersoll-Ross Model
Mean reversion _
Change in yield Change in

\ Ergodic Mean Brownian Motion

dr, = Ue-r)dt + dr* dZ,

Possible parameters: \
€ 5 %

Avoids zero
0.0 Volatility (without the r,”> term, we
0.2 have the Va s i mogled)

U 2
d 0
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The lower bound is an artefact of the model we choose.

Geometric random walk

Cox-Ingersoll-Ross

Arithmetic random walk
Vasi | ek

Displaced geometric random walk

08 June 2015

Institute
and Faculty
of Actuaries

Zero

Zero (instant rate)
Strictly positive (positive terms)

Unbounded
Unbounded
-3.48%
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Interest Rate Option Pricing Models
Black, Bachelier and Related Models
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