AN G

The Vasicek
Model




QUANT
The Vasicek Model AA NEXT

The Vasicek model is a mathematical model used in finance to describe the
movement of interest rates over time.

It was developed by Oldrich Vasicek in 1977".

It describes the evolution of interest rates by assuming that the short-term interest
rate follows a mean-reverting stochastic process.

'Reference: Vasicek, O. (1977), "An equilibrium characterization of the term structure", Journal of Financial Economics.
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The instantaneous interest rate r, follows the following stochastic differential
equation (SDE):

drt:a-(b—rt)-dt—l—a-th

Speed of Long-term Instantaneous
reversion mean volatility
a>0
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re =19 % +b-(1—e ) +o-e 2. fote“'s - dW,
Demo:

It Lemma with ©; = 1 - et

dmt :. ea.t + rr-a- 6a.t - dt
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re =19 % +b-(1—e ) +o-e 2. fotea's - dW

r follows a normal distribution.

'rt"N(To e vt 4+ p. (1-— e_a't), gz—a ° (1 - e_z'a't))
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re =r0-e¢ % +b-(1—-—e%)+o-e%. fotea's - dW,

r, follows a normal distribution. It admits a stationary probability distribution.
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Half-Life of the Mean-Reversion

It is the average time it take to be half-way back to the mean.
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r,=2%,a=05,b=23%

The higher the speed of reversion the smaller the half-life.
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The price of a zero-coupon bond at the date t with maturity T has the following
expression in the Vasicek model under the no-arbitrage assumption:

AT = (b— ) - (BET) — (T - 1) - & - B, T)

P(t, T) = eAGTD-BED)7(t) with .

B(t,T) =

a
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The price of a zero-coupon bond at the date t with maturity T has the following
expression in the Vasicek model under the no-arbitrage assumption:

A(t,T) = ( ) - (B, T) — (T - 1) - & - B(t,T)’

P(t, T) = eA®T)=BET)7() with

—a-(T—t)

B(t,T) = -
Demo:
1
P(t,T) = E° (e[ Ft) P(t’ T) — e—m(t,T)—FE (t,T)
/ —a-(T—t)
~-N(m(t,T), v(t, T)) m(t,T) = b - (T —t) + (r — b) -

Conditionally to F,. m(t,T) and v(t,T) are the average —a(T—1) |_e-2a(T—1)
and the variance of the integral of r, and can be v(t,T) = ((T —f) -2 a + 2-a )

directly calculated from the expression of r,.
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Gaussian assumption which is not realistic.

Possibility to have negative values, which can be problematic, typically if we want
to model default intensity and credit spreads or in pre-crisis hon-negative
interest-rates world.

The flexibility of the model is limited, it is typically unable to reproduce all
zero-coupon curve shapes observed in the market.

It is a single factor model, with a constant volatility parameter and it does not
incorporate jumps.
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website: www.qguant-next.com

email: contact@quant-next.com

Follow us on LinkedIn
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This document is for educational and information purposes only.

It does not intend to be and does not constitute financial advice, investment
advice, trading advice or any other advice, recommendation or promotion of any
particular investments.



