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The Vasicek Model
The instantaneous interest rate rt follows the following stochastic differential 
equation (SDE):
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Calibration Methods
We present two methods for calibrating the Vasicek model to historical data:

1) Least Squares
2) Maximum Likelihood Estimation



Least Squares

iid normally distributed

The Euler-Maruyama discretisation method of the Vasicek model gives:

Which can be rewritten as:



Least Squares
The Euler-Maruyama discretisation method of the Vasicek model gives:

Which can be rewritten as:

iid normally distributed

estimated by least 
squares method (linear 
regression of rt+𝛅t on rt)



Maximum Likelihood Estimation

Conditionally to rt, rt+δt follows a normal distribution.

Knowing rt, the solution of the SDE rt+δt is equal to:

The probability distribution function is:



Maximum Likelihood Estimation
The log-likelihood on partition of time [t0, t1, …, ti, …,  tn] with ti - ti-1 = δt is:

You can easily check it has the following expression



Maximum Likelihood Estimation
a, b, σ maximizing the log likelihood have the following expressions:

Reference: Fergusson, K., Platen, E. (2015), "Application of maximum likelihood estimation to stochastic short rate models”

where:

,

, ,

,

,



Python Code



Python Code



Python Code

We simulate one path, with these unknown parameters, 
this is our historical dataset:

Real parameters, unknown, that we want to estimate:

a = 0.5, b = 0.03, sigma = 0.01



Python Code
Real parameters, unknown, that we want to estimate:

a = 0.5, b = 0.03, sigma = 0.01
Least Squares

Maximum Likelihood Estimation



Python Code
If you simulate several paths, you will remark that 
b and sigma estimates are quite stable contrary 
to a, which can then be more difficult to estimate 
with a strong accuracy in practice.
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Disclaimer
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.


