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Abstract: This paper presents a real option approach to the valuation of the default risk of residential
mortgages. Traditional models of mortgage valuation often overlook the strategic decision-making of
borrowers, who may choose to default or refinance based on changing market conditions. We propose
a dynamic framework that incorporates the borrower's flexibility to respond to fluctuations in house
prices and interest rates. By modeling the mortgage default decision as a real option, akin to an
American put option, we capture the optimal default boundary where it becomes advantageous for
the borrower to default. Our results show that default risk is highly sensitive to changes in house
prices, with declining house values increasing the likelihood of default. Additionally, lower interest
rates reduce default risk, but this effect is tempered by falling home values. The real option approach
provides a more realistic and accurate valuation of mortgage default risk, offering valuable insights for
investors and financial institutions managing mortgage-backed securities. This research highlights the
importance of borrower flexibility in mortgage risk assessment and suggests that real options can
significantly enhance mortgage pricing models.
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INTRODUCTION

The default risk associated with residential mortgages is a critical factor in determining their value,
especially given the substantial role of mortgage-backed securities in global financial markets. Traditional
approaches to mortgage valuation often assume fixed parameters, such as interest rates, home values,
and borrower behaviors. However, these assumptions fail to account for the inherent flexibility of
borrowers, who may choose to default or refinance based on evolving market conditions. A real option
approach offers a dynamic framework for valuing default risk by incorporating the strategic decision-
making of borrowers, which can significantly affect the value of residential mortgages.
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This article explores the application of a real option approach to the valuation of the default risk of
residential mortgages. We propose a model that captures the borrower's decision-making flexibility in
response to changing market conditions, particularly house prices and interest rates. This paper
contributes to the understanding of mortgage default risk by integrating the concept of real options, a
method that has been extensively used in financial decision-making but is underutilized in the context of
mortgage risk.

Literature Review

Several studies have focused on modeling default risk in residential mortgages. The traditional methods,
including reduced-form models and structural models, rely heavily on static assumptions about market
factors and borrower behavior. For instance, the Merton model (1974) uses the framework of option
pricing to value the default risk of corporate debt, applying similar concepts to mortgage-backed
securities. However, these models often fail to fully capture the flexibility borrowers have to choose
between defaulting, refinancing, or continuing payments, especially in volatile market conditions.

The introduction of real options theory in finance by Black and Scholes (1973) and Merton (1973) marked
a significant shift in how financial assets are valued. Real options allow for the valuation of managerial
flexibility in the face of uncertainty, leading to more accurate assessments of investments under
uncertainty. Recent research, such as that by Wachter (2008), has applied real options theory to housing
markets, demonstrating that homeowners, similar to firms, exercise options to default or refinance in
response to changing circumstances.

Despite its potential, few studies have applied a real option framework to model the default risk
specifically for residential mortgages. This article aims to fill this gap by providing a comprehensive
valuation approach using real options.

METHODOLOGY

We utilize the real option approach to model the default risk of residential mortgages, incorporating key
variables such as house prices, interest rates, and the borrower’s decision-making process. The framework
is built upon the following assumptions:

1. Default Option: Borrowers have the option to default on their mortgage if the value of the
property falls below the loan balance.

2. Refinancing Option: Borrowers may refinance their mortgage if interest rates decrease, reducing
their monthly payments.

3. Stochastic Processes: The house price and interest rate dynamics are modeled using geometric
Brownian motion, reflecting their uncertainty and randomness over time.
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4, Payoff Structure: The payoff for the borrower is defined by the difference between the mortgage
balance and the market value of the house.

The default decision is treated as a real option, similar to an American put option. The borrower will
default when the value of the house falls below the threshold, which is determined by the remaining
mortgage balance and other associated costs, such as transaction fees.

The model is developed using the following steps:

1. Define the current house value, interest rate, mortgage balance, and time to maturity.
2. Use stochastic differential equations to model the evolution of house prices and interest rates.
3. Calculate the optimal default boundary (threshold) where it becomes optimal for the borrower to

default, based on the real options approach.

4, Solve the resulting partial differential equations (PDEs) numerically using finite difference
methods to estimate the value of the mortgage, incorporating default risk.

RESULTS

The results demonstrate that incorporating real options significantly alters the valuation of residential
mortgages compared to traditional models. By allowing for dynamic decision-making by the borrower,
the model accounts for the option to default in response to falling house prices or rising interest rates.
The key findings from the model are as follows:

1. Default Risk Sensitivity: Default risk is highly sensitive to changes in house prices. As house prices
decline, the probability of default increases, making the mortgage more valuable to the lender as it
reflects higher default risk.

2. Interest Rate Effects: Lower interest rates reduce the likelihood of default, as borrowers are more
likely to refinance or continue making payments when rates are favorable. However, if house prices
remain low, the default option becomes more attractive, especially when the mortgage balance exceeds
the value of the property.

3. Threshold Dynamics: The optimal default threshold is determined by a balance between the
mortgage balance and the house value. As market conditions fluctuate, this threshold adjusts, showing
that borrowers make strategic decisions based on the evolving economic environment.

The model's ability to adjust for changing market conditions results in a more nuanced understanding of
default risk. In contrast to traditional models, the real option approach allows for the flexibility and
responsiveness of borrowers, producing a more accurate valuation of mortgage default risk.
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DISCUSSION

The real option approach to valuing the default risk of residential mortgages provides a more
comprehensive and dynamic framework compared to traditional methods. By treating the decision to
default as an option that borrowers can exercise based on changing market conditions, this model allows
for a more realistic representation of mortgage risk. This discussion explores the implications of the
results, the advantages of using a real option framework, and potential real-world applications with
examples.

Strategic Borrower Decision-Making

Traditional mortgage models often assume that borrowers will continue making their payments for the
duration of the mortgage, or that default is a one-time event that happens when financial hardship
becomes extreme. However, in reality, borrowers have the flexibility to adjust their decisions in response
to market conditions. For example, if a homeowner’s property value decreases significantly, it may no
longer make financial sense to continue paying off the mortgage. The homeowner may choose to default,
which is akin to exercising a "put" option on the property—selling the home to the bank at the mortgage
balance.

A common scenario is when a homeowner faces a situation where the mortgage balance exceeds the
value of the house. This is referred to as being "underwater" or having negative equity. In this case, the
real option approach provides a more accurate assessment of the homeowner's default decision because
it explicitly models the option to default as a function of the house price and the remaining loan balance.
For instance, if a homeowner’s mortgage balance is $250,000, but the current market value of the home
has fallen to $200,000, the borrower has the option to default on the loan and forfeit the property. If the
homeowner expects house prices to remain low or continue declining, the incentive to default becomes
stronger, making the real option model a useful tool for evaluating this decision.

Impact of House Prices on Default Risk

The sensitivity of mortgage default risk to house prices is a critical finding in our model. House prices,
being one of the key drivers of mortgage default, play a significant role in determining whether borrowers
will default. When house prices drop, borrowers with negative equity are more likely to default, as the
economic incentive to continue paying off the mortgage diminishes.

For example, consider a scenario where a borrower has a fixed-rate mortgage for a home worth $500,000
with a remaining balance of $450,000. If the home’s value decreases to $400,000 due to a housing market
downturn, the borrower may be unwilling to continue making payments because the loan balance
exceeds the property value. This dynamic highlights the option-like nature of default; it becomes an
attractive strategy when the cost of continuing payments exceeds the cost of defaulting, which is modeled
as a real option. By modeling house prices as stochastic processes (i.e., uncertain and subject to random
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fluctuations), the real option approach captures the volatility of the housing market and allows for a more
accurate prediction of default behavior.

Interest Rates and Refinancing as Competing Options

Another important aspect of the model is the interplay between interest rates and refinancing options.
When interest rates are low, the cost of servicing a mortgage decreases, which reduces the likelihood of
default. Borrowers are more likely to refinance their loans when interest rates drop, thus avoiding default
and continuing payments at a lower rate. In our model, this option to refinance competes with the option
to default, providing borrowers with more flexibility in their decision-making process.

For example, imagine a borrower with an adjustable-rate mortgage (ARM) who is facing rising monthly
payments as interest rates increase. If interest rates rise substantially, the borrower may face financial
distress, increasing the likelihood of default. Conversely, if interest rates fall significantly, the borrower
could choose to refinance to a lower fixed rate, making the mortgage more affordable and reducing the
default risk. The real option model captures these decisions by evaluating the value of refinancing (similar
to a call option) in relation to the value of default (similar to a put option).

Thresholds for Default: Dynamic Adjustment to Market Conditions

One of the significant advantages of the real option model is its ability to dynamically adjust the threshold
for default. Traditional models often assume a fixed point at which default occurs (e.g., when the
borrower’s financial distress exceeds a certain level). However, the real option framework allows for a
flexible threshold that evolves as market conditions change.

For example, let’s consider a situation where house prices initially decline, and the borrower is faced with
the decision of whether to default. The optimal default threshold might be lower if the homeowner
expects the property’s value to recover soon. However, if the homeowner anticipates further price
declines or an extended downturn, the threshold for default will adjust, and the borrower will be more
likely to exercise the default option sooner. This dynamic behavior reflects how market expectations (in
terms of both house prices and interest rates) influence the borrower’s decision-making process.

Real-World Applications: Mortgage-Backed Securities (MBS)

The real option approach also has important implications for mortgage-backed securities (MBS). MBS are
composed of pools of residential mortgages, and their valuation is highly dependent on the default risk of
the underlying mortgages. By using the real option model, investors and financial institutions can better
assess the risk associated with these securities, especially during periods of market volatility.

For example, during the 2008 financial crisis, many MBS investors underestimated the default risk
associated with residential mortgages. Home prices were declining, and many homeowners faced
negative equity, increasing the likelihood of default. By incorporating a real option framework into the
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valuation of MBS, investors could have more accurately assessed the risk of these securities, which would
have helped them make better-informed investment decisions. Similarly, financial institutions managing
large portfolios of residential mortgages could use this model to assess the default risk of individual loans
and make more accurate provisioning decisions.

Implications for Policy and Risk Management

From a policy perspective, the real option approach provides valuable insights into how borrowers make
decisions during times of economic uncertainty. Policymakers could use the model to understand the
potential effects of housing market interventions, such as mortgage forbearance programs or interest rate
cuts. For example, if interest rates are lowered during a downturn, the real option model suggests that
this would reduce default risk by making refinancing more attractive. Conversely, if housing prices remain
depressed, even lower interest rates may not prevent defaults, as borrowers may still choose to default
due to negative equity.

For financial institutions, the real option model offers a more sophisticated method for assessing and
managing mortgage default risk. By integrating real options into risk management frameworks, banks and
other lenders can better understand the likelihood of default and make more informed decisions
regarding loan origination, portfolio management, and loan loss provisioning.

Limitations and Future Research

While the real option approach provides a more accurate and dynamic valuation of mortgage default risk,
there are limitations to this model. For example, the assumption of perfect market conditions and
frictionless decision-making may not fully capture the complexity of borrower behavior. Additionally, the
model’s reliance on stochastic processes for house prices and interest rates may not fully account for
systemic risks or policy interventions that can influence market outcomes.

Future research could extend the model by incorporating more granular borrower characteristics, such as
credit scores, income levels, and borrower psychology, to capture the full range of factors influencing the
decision to default. Moreover, the model could be adapted to include government intervention scenarios,
such as mortgage relief programs or direct bailouts, to assess how these interventions impact default risk.

The real option approach provides a more nuanced and flexible framework for valuing the default risk of
residential mortgages. By modeling the decision to default as an option and considering the influence of
house prices, interest rates, and borrower behavior, the model offers a more realistic and dynamic
assessment of mortgage risk. This approach has important implications for mortgage-backed securities
pricing, risk management, and policy decisions, offering deeper insights into the factors that drive default
risk in residential mortgages. Through the use of real options, financial institutions, investors, and
policymakers can gain a better understanding of mortgage risk, ultimately leading to more informed
decision-making in volatile markets.
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The results of this study underscore the importance of incorporating real options in mortgage risk
valuation. By acknowledging that borrowers have the flexibility to make decisions in response to market
changes, the real option approach provides a more realistic representation of mortgage default risk. This
is particularly relevant in the context of financial markets where housing prices and interest rates are
subject to significant volatility.

Furthermore, the application of real options to mortgage default risk offers insights into mortgage-backed
securities (MBS) pricing. Since MBS are composed of underlying residential mortgages, understanding the
default risk of these mortgages is crucial for accurately valuing MBS. Investors and financial institutions
can use the real option model to better assess the risk associated with mortgage portfolios and adjust
their investment strategies accordingly.

CONCLUSION

This article demonstrates the value of applying a real option approach to the valuation of residential
mortgage default risk. The model captures the strategic decision-making of borrowers and incorporates
key variables such as house prices and interest rates. By doing so, it provides a more dynamic and realistic
valuation of mortgage default risk compared to traditional models.

The findings highlight the significance of borrower flexibility in the face of changing economic conditions
and the importance of incorporating real options in the valuation of mortgage-backed securities. Further
research could extend the model to include more complex borrower behaviors, such as strategic default
or the impact of government intervention, to refine the analysis and provide deeper insights into
mortgage risk.
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