Hull White Model for Stochastic
Interest Rate Modeling
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Hull White Model

 The Hull-White model, also known as the Hull-White one-factor model,
IS a mathematical model used to describe the evolution of interest rates
over time.

* It is a type of short-rate model, which means it focuses on modeling the
short-term Interest rate, or the instantaneous rate of return on a rlsk free
Investment. vl s 2N




Mathematical Formulation

* The Hull-White model is represented by the following stochastic
differential equation (SDE):

dr(t) = a(b(t) — r(t))dt + odW (t)

where:

r(t) is the short rate at time ¢.

a is the mean reversion speed, determining how quickly the short rate reverts to the mean

level.
b(t) is the time-dependent long-term mean level to which the short rate reverts.
o is the volatility, representing the randomness in the short rate's evolution.

W(t) is a Wiener process or Brownian motion, capturing the random shocks to the interest

rate.




Key Features

1. Mean Reversion: The parameter a ensures that the short rate 7(¢) reverts to the mean level

b(t) over time.

2. Time-Dependent Mean: The mean level b(t) can vary over time, allowing the model to fit

different term structures of interest rates.

3. Volatility: The parameter o captures the randomness or uncertainty in the interest rate

movements.



Python Code

© import numpy as np
import matplotlib.pyplot as plt

def hull_white_model(a, sigma, r@, T, N, M):
dt =T /N
rates = np.zeros((N + 1, M))
rates[@] = r@

for t in range(1, N + 1):

z = np.random.normal(size=M)

rates[t] = rates[t-1] + a % (r@ - rates[t-1]) * dt + sigma * np.sqrt(dt) * z
return rates

# Parameters

a=20.1 # Mean reversion speed

sigma = 0.02 # Volatility

re = 0.05 # Initial short rate

T=1.0 # Time horizon (1 year)

N = 252 # Number of time steps (daily)
M = 1000 # Number of simulations

# Generate paths
rates = hull_white_model(a, sigma, r@, T, N, M)

# Plot the paths
plt.figure(figsize=(12, 6))
for i in range(M):
plt.plot(rates[:, il, color='blue', alpha=0.1)
plt.title('Hull-White Model - Interest Rate Paths')
plt.xlabel('Time Steps')
plt.ylabel('Interest Rate')
plt.show()




Interest Rate

Python Code Output

Hull-White Model - Interest Rate Paths
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Applications

1. Valuation of Interest Rate Derivatives

A. Bond Pricing:

e The Hull-White model can be used to price zero-coupon bonds and coupon-bearing bonds.

e The model accounts for the stochastic nature of interest rates, providing more accurate bond

prices compared to simpler models.
B. Bond Options:

 Bond options are options to buy or sell a bond at a specified price before a certain date.

e The Hull-White model can price these options by simulating the future interest rate paths and

calculating the bond prices along these paths.



Applications

C. Swaptions:

e A swaption is an option to enter into an interest rate swap.

e The Hull-White model is widely used to price European and Bermudan swaptions by

simulating the future evolution of interest rates and calculating the expected payoff.
D. Caps and Floors:

e Caps and floors are interest rate derivatives that provide protection against rising or falling

interest rates.

e The Hull-White model can price these instruments by modeling the future interest rates and

determining the payoff structure.



Applications

2. Risk Management

A. Hedging Interest Rate Risk:

e Financial institutions use the Hull-White model to hedge interest rate risk in their portfolios.

e By simulating different interest rate scenarios, the model helps in identifying potential risks

and implementing appropriate hedging strategies.




Applications

3. Scenario Analysis and Stress Testing

A. Scenario Analysis:

¢ Scenario analysis involves evaluating the impact of different hypothetical interest rate

scenarios on a portfolio.

o The Hull-White model can generate various interest rate paths under different economic

scenarios, helping in assessing the potential impact on portfolio performance.
B. Stress Testing:

e Stress testing involves evaluating the resilience of financial institutions to extreme but

plausible adverse conditions.

e The Hull-White model is used to simulate severe interest rate movements and assess their

impact on the institution’s financial health.
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