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Abstract 
 
By isolating credit as a distinct asset class, credit derivatives provide new vehicles for 
synthetically trading and transferring credit exposure of commercial real estate without 
buying or selling the physical assets. Recent developments of CMBS index-based synthetics, 
namely the CMBX, have allowed systematic market exposure to a basket of CMBS credit 
default swaps. The creation of these credit derivatives indices has enabled market 
participants to trade rating-specific risk, hedge against market-wide credit risk, and express a 
macro view within the CMBS sector.  
 
This thesis identifies the key underlying source of credit default risk as the commercial real 
estate market itself, and explores the concept of a CMBS default risk synthetic that is based 
on transaction-based commercial property price index movements. Such indices would allow 
investors to more precisely target and hedge the particular risk in their CMBS portfolios that 
is exposed to specific commercial real estate markets tracked by the indices. The thesis 
proposes a methodology for the new synthetic product to approximately replicate the credit 
loss behavior of specific rated tranches of a CMBS.  
 
This thesis utilizes Monte Carlo simulation to test the hedging performance of the proposed 
property price index-based synthetic, considering both cash flow correlation and hedge ratio 
analyses. The results reveal that the effectiveness of the hedge varies depending on the 
investor’s horizon or degree of temporal precision the investor seeks in the hedge, as well as 
the target tranche rating. The hedge ratio is very dynamic throughout the life of the 
synthetic, suggesting that the investor buying the synthetic for hedging purposes would need 
to rebalance his position accordingly.  
 
The author believe that the possibility of utilizing commercial property price indices to 
structure equity index-based credit derivatives, as demonstrated by methodologies in this 
thesis, will enhance investment and risk management strategies for CMBS investors, 
facilitating access to the breadth and depth of existing real estate equity indices. Further 
pioneering efforts in the development of credit derivatives will be a catalyst for a 
tremendous growth in the CMBS market. 
 
 
Thesis Supervisor: David M. Geltner 
Title:   Professor of Real Estate Finance  
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Introduction 

 

Commercial Mortgage-Backed Securities (CMBS) provide an important source of funding 

for commercial real estate in the U.S. According to the Commercial Mortgage Securities 

Association, CMBS issuance in the U.S. alone reached a record of $207 billion in 2006. The 

recent surge of liquidity in real estate capital markets led to unusually high commercial 

property price appreciation, which in turn suppressed CMBS delinquency rates, and also led 

to complacency in loan underwriting. Investors in the CMBS market are of course subject to 

credit risk, and the recent risky loan underwriting1 combined with credit problems in some 

sectors of the home mortgage industry have raised alarms about the possible need for more 

and better tools for hedging and trading commercial CMBS credit risk exposure. Together 

with recent developments in the bond market credit risk derivatives industry, this suggests 

that the time may be opportune for the development of innovative credit risk derivative 

products aimed at the U.S. CMBS and commercial mortgage industry.   

 

Indeed, recent developments in CMBS credit derivatives are already beginning to provide 

new vehicles for trading and transferring credit risk of commercial real estate synthetically 

without buying or selling the physical assets. The credit derivative is often referred to as the 

synthetic CMBS. The development and growth of real estate credit derivatives will further 

enhance CMBS’ reputation as a mainstream asset class in the fixed income market, and allow 

investors to broaden and enhance credit risk management capabilities. 

 

Much of the recent development in CMBS credit derivatives has focused on tools to hedge 

against systematic market exposure. Existing synthetic trades in the CMBS market are 

designed as a default swap directly based on a CMBS index, such as the CMBX. This thesis 

explores the concept of a CMBS default risk synthetic, based on commercial property price 

index movements. Such indices track the key underlying source of credit risk, the 

commercial real estate market itself, and might allow investors to more precisely target risk 

exposures in their particular CMBS portfolios, or to more efficiently trade the risk they want 

to buy or sell. This thesis proposes and examines a new product idea to approximately 

                                                
1 Moody’s Investors Service, US CMBS and CRE CDO 1Q 2007 Review: Conduit Credit at the Turning Point? 
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replicate the credit loss behavior of specific tranches of specific CMBS that have exposure to 

commercial real estate markets tracked by transaction price indices. The proposed property 

index-based CMBS synthetic would be tradable as a derivative contract to hedge CMBS 

credit risk. This thesis uses Monte Carlo simulation analysis to test and explore the hedging 

performance of the product by analyzing the cash flow correlation between the synthetic 

payoffs and the credit losses experienced by specific tranches of a hypothetical CMBS under 

plausible stylized assumptions about the future evolution of the relevant real estate market as 

tracked by the index. Use of the synthetic product is also examined in terms of the implied 

hedge ratios.    

 

This thesis outline is as follows. Chapter One reviews related literatures on credit risk, 

embedded options in commercial mortgages, and mortgage valuation techniques. Chapter 

Two reviews two existing CMBS credit derivatives in the market: the single-name credit 

default swap and the CMBS index-based derivative. Chapter Three outlines the underlying 

assumptions and methodology in developing our proposed property index-based synthetic 

product idea.  Chapter Four presents the results from the hedge analysis.  
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Chapter One: Commercial Mortgage Credit Risk 

 

Mortgage holders face risks from interest rate movement, prepayment, and default. Interest 

rate risk and prepayment risk can be hedged in interest rate futures and options markets, 

thus this thesis focuses on the default risk. In an attempt to structure credit derivatives for 

hedging CMBS credit risk, this thesis first seeks to define the determinants of credit risk in 

commercial mortgages. This chapter studies the underlying mortgages on commercial 

properties as the fundamental source of credit risk in CMBS.  

 

E m b e d d e d  O p t i o n s  i n  a  C o m m e r c i a l  M o r t g a g e   

 

A CMBS deal is backed by a pool of commercial mortgages that can be treated as a fixed 

income instrument with a set of embedded options, namely the option to prepay and the 

option to default on the mortgage. If the market value of remaining scheduled mortgage 

payments is considered the underlying bond, then valuing a mortgage is equivalent to valuing 

this bond together with the options. These options are the prime determinants of the 

mortgage’s credit risk, and are the main focus of this chapter.  

 

CMBS are passive in the sense that prepayments and defaults are not due to the rational 

decision of the issuer, but to the decision of the borrowers of the collateralizing mortgages, 

who have no active interest in the mortgage backed securities. Thus, the default and 

prepayment depend on the borrowers’ behavior on the underlying mortgages.  

 

Prepayment as a call option on long-term debt 

Literature on mortgage valuation views the right to prepay a mortgage at anytime as a call 

option to buy the mortgage from the lender. In other words, paying off the loan is 

equivalent to exercising a call option on the bond, with an exercise price equal to the loan 

principal amount. This call option value depends on the dynamics of interest rates in the 

bond market, namely the term structure of interest rates. When refinancing mortgage rate 
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decreases, repayments arise, shortening the duration of bondholders’ portfolios and 

decreasing their yields. Thus, interest rate volatility increases the value of the borrower’s 

option to refinance and the yields. 

 

A mortgage with a call option is referred to as a callable debt. Although callable debt is a 

standard feature in residential mortgage-backed securities (RMBS), call protection is a 

standard contract feature on virtually all mortgages contained in a CMBS pool, insulating the 

prepayment risk. During the call protection period, commercial mortgages are subject to 

prepayment lockouts, defeasance, yield maintenance, and prepayment penalties to protect 

bondholders.  

 

Prepayment lockout, the most stringent form of call protection, is the period during which 

the borrower is contractually prohibited from prepaying the loan. The yield maintenance 

requires the borrower to pay a penalty to the lender if the loan is prepaid. The penalty is 

calculated as the difference between the present value of the loan’s remaining cash flows at 

the time of prepayment and principal prepayment. Under the defeasance approach, the 

borrower invests the amount in U.S. Treasury securities, whose cash flow equals or exceeds 

the remaining payments of the mortgage loan, instead of passing it through to the investors. 

The treasuries replace the building as collateral for the loan. The remaining cash flow 

structure remains intact through to the final maturity date. Prepayment penalties require the 

borrower to pay a fixed percentage of the unpaid balance of the loan. The penalties usually 

decline as the loan ages. Different prepayment penalty structures significantly affect optimal 

prepayment decisions and the value of delaying the option exercise. The rationale offered for 

these restrictions is that large underwriting costs must be recouped in order for commercial 

mortgages to be profitable for the originator. 

 

Default as a put option on real estate prices 

The right to rationally default on a mortgage is a put option held by the borrower to sell the 

collateral property to the lender in exchange for abandoning payments. In other words, 

default is equivalent to exercising the put option imbedded in the mortgage contract. As a 

result, the lender, not the borrower, bears the ultimate cost of default since a rational 
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borrower may find it financially optimal to simply default from their loan under certain 

circumstances, thereby forcing ownership on the lender. Under this interpretation, default is 

the result of a rational profit-maximizing decision by the borrower.  

 

Because of the call protection in commercial mortgages, the put option to default dominates 

the call option to prepay. The lockout provisions that essentially preclude prepayment in the 

commercial mortgage market are so prevalent that much of the research (Titman and Torous 

[1989], Vandell [1992], Riddiough and Thompson [1993]) simply assumed away prepayment 

risk to focus exclusively on default risk. Titman and Torous [1989] empirically investigate a 

contingent claim model of commercial mortgage pricing, and find that the observed default 

premia for a sample of non-prepayable fixed-rate mortgages can be explained by the model. 

They purely focus on the valuation effect of default risk.  

 

A mortgage, therefore, can be written as a combination of a riskfree bond (with the same 

term maturity and coupon as the loan) and a default option or put contract sold to the 

borrower. We can also envision the mortgage as the combination of the property value and a 

call option sold to the borrower. The fundamental relationship between property value and 

mortgage default behavior is the backbone of this thesis. 

 

The value of the mortgage liability can be written in the form: 

 

Mt = Bt – Pt = Vt – Ct 

 

where, 

Bt is the value of the riskfree bond 

Pt is the value of the default put option to the mortgage holder 

Vt is the value of the property 

Ct is the value of the call option to the mortgage holder 
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Figure 1: Mortgage Option Theory 

 

The default risk can also be considered as a commercial mortgage interest rate spread over 

the risk free rate, relating the spread to the default option value. 

 

Mortgage Yield = T Bond Yield + Default Premium 

 

In CMBS, the equivalent benchmark for riskfree yield is the LIBOR swap yield.  

 

CMBS Yield = LIBOR Swap Yield + Default Premium 

 

Therefore, CMBS spread to swaps, which is the difference between CMBS yield and swap 

yield, reflects the capital market’s evaluation of default risk in CMBS. 

 

Figure 1 clearly illustrates that a mortgage can be valued separately as a combination of a 

fixed income instrument and a put option. A put option is a contingent claim on the 

underlying asset of the mortgage, the commercial real estate itself. Therefore, this thesis 

focuses solely on credit risk in CMBS as determined by the put option to default on the 

commercial real estate. The wide use of non-recourse clause limits the borrower’s liability to 
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the real estate asset in the event of default. Since an option value depends on the volatility of 

the underlying asset, the value of the put option is contingent upon the commercial real 

estate price movement. In other words, the property price movement can be modeled as the 

stochastic process that governs commercial mortgage default behavior. Unlike prepayment, 

which is affected by interest rate movements, default behavior is affected by property price 

movements, as proxies in this thesis by the real estate price index.  

 

Case and Shiller [1996] explore the idea of using index-based options driven by movements 

in residential real estate prices as the basis for hedging mortgage default risk. They model the 

relationship between house prices and default rates using a distributed lag. The results 

suggest that periods of high default rates strongly follow real estate price declines. They 

present evidence that the value of mortgage portfolios does depend on risks of price change 

in real estate residential markets. They conclude that mortgage holders should have strong 

incentive to hedge in real estate futures and options markets since the values of their 

portfolios depend on the current price of the collateral real estate. Although their focus is on 

house price index, this thesis explores the same logic for commercial property price index. 

 

O p t i o n  P r i c i n g  A p p r o a c h  t o  M o r t g a g e  V a l u a t i o n  

 

The fundamental relationship between prepayment risk, default risk, and mortgage valuation 

can be theoretically characterized in a framework based on option-pricing theory. 

Theoretical pricing models of mortgages as derivative assets give rise to a contingent claim 

model of commercial mortgage pricing, often termed the option-pricing approach to 

mortgage valuation. In the arbitrage-free perfect capital markets, commercial mortgages are 

treated as contingent claims, allowing mortgage value to depend on underlying stochastic 

processes. Mortgage valuation often uses the Monte Carlo method to simulate the price 

paths of these stochastic processes; this is called the forward pricing techniques. The Monte 

Carlo method for mortgage valuation allows for the calculation of the expected present value 

of future cash flow stream, discounted at the appropriate rate. This procedure requires 

predetermining the criteria of borrower’s decision to default on the mortgage. 
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Many researchers have tried to identify the loan parameters that explain commercial 

mortgage default. The standard contingent claims approach to mortgage pricing infers that 

default is a function of loan attributes such as loan-to-value ratio (LTV) and debt service 

coverage ratio (DCR). The LTV is the ratio between the loan amount and the property 

value. The DCR is the Net Operating Income (NOI) divided by mortgage payment per 

period. The loan parameters for commercial mortgage default determine the number of 

triggers underlying the contingent-claim model for pricing commercial mortgages. The three 

stochastic processes that are modeled are term structure of interest rate, property price, and 

property income.  

 

The Single-Trigger Model: Property Value 

The single-trigger model identifies two sources of uncertainty: the term structure and the 

value of the commercial property. The interest rates follow the mean reverting process, as 

defined by Cox, Ingersoll and Toss [1985].  

 

! 

dr = K(" # r)dt +$
r
rdz

r
 

 

where, 

r is the current spot interest rate 

Κ is the speed of reversion parameter 

θ is the long run value towards which the spot rate is expected to revert 

θr

! 

r  is the standard deviation of changes in the current spot rate 

dzr is a standard Wiener process2 

 

Despite the continued stochastic disturbances, the interest rate reverts toward a trend rate θ, 

at a rate dictated by Κ.  

 

                                                

2 A standard Wiener process, often called Brownian motion, is defined as 

! 

" dt .  

! 

"  is a random variable in a standard normal distribution; that is, a normal distribution with a mean of zero and standard 
deviation of 1. 
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Real Estate price movements follow a lognormal process. This means that real estate price is 

expected to appreciate at a constant rate, but the actual rate of appreciation is being 

constantly disturbed in a random walk manner.  

 

! 

dP = (r "# p )Pdt +$PPdzP
3 

 

Where, 

Ρ is property value 

αP is the expected total return on the property 

βP is the continuous property income payout rate 

σP is the volatility parameter of property returns 

dzP is a standard Wiener process 

 

Thus, αP-βP is the instantaneous mean rate of appreciation in property value. This 

proportionate growth is disturbed by unpredictable events represented by the noise process 

dzP. The unanticipated changes in the value of the property are assumed to be correlated 

with unanticipated changes in the instantaneous riskfree interest rate. With the stochastic 

processes described, the instantaneous correlation between changes in property prices and 

interest rates is 

! 

" Pi, and a partial differential equation can then be derived.  

 

Most commercial mortgage pricing studies use this backward single-trigger4 framework to 

estimate default risk premium on commercial mortgages (Hilliard, Kau, and Slawson [1998]). 

In this approach, borrowers are assumed to behave rationally when making default decisions, 

defaulting only when the mortgage value exceeds the property value; therefore, a key 

predictor of default incidence is LTV at loan origination.  

 

Fabozzi [2001] proves that the default probability for a loan increases as LTV increases. 

Simultaneously, the cost to mortgage holders of default also rises; therefore, the correlation 

between default losses and LTV is non linear, and the mortgage holders would ideally need a 

                                                
3 See footnote 2. 

4 Single-trigger model is defined as a property price CMBS default model, relying only on LTV. A double-trigger model is 
defined as property price and property cash flow CMBS default model, relying on both LTV and DCRR. 
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dynamic hedge. Fabozzi further emphasizes the greater importance of property value and 

the LTV in assessing credit risk of CMBS, than a temporal phenomenon such as the 

frequency of default, as determined by DCR. His studies show that the relationship between 

DCR and default probability is weaker than that between LTV and default probability. One 

possible explanation is that the borrowers can negotiate the payment rescheduling and the 

debt restructuring with the lenders.  

 

 

 

 

Figure 2: Put as Default Option 

 

If LTV at origination of a particular commercial mortgage is 80%, mortgage investors would 

be considered writers of 20% out-of-the-money5 put options on underlying real estate. Once 

the market value of the property decreases more than 20% of its beginning value, the 

embedded put option on the loan becomes in-the-money, and provides an incentive for the 

borrower to default. If the property value does not fall below 20%, writers of the put option 

realize a gain, which often equals to the put spread. The property value is equal to the loan 

value when the put is at-the-money. Therefore, the default trigger, also referred to as the 

strike price, is at LTV equal to 100%.  

 

                                                
5 In option theory, the term “out-of-the-money” refers to an option position that would lead to a negative cash flow if 
exercised immediately. If P is the property price and X is the strike price, a put option is out of the money when P>X, is in-
the-money when P<X, and is at-the-money when P=X Clearly, an option will be exercised only if it is in the money. 
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The Double-Trigger Model: Property Value and Property Income 

Recent contributions to the literature recognize the limitation of using a single-trigger, 

property price-only, commercial mortgage default model. The single-trigger model ignores 

the borrower’s cash flow position (solvency), and assumes that the borrower will default 

whenever the equity position falls below a critical level, even if the property generates 

sufficient net operating income to cover expenses and debt service. Recent literature, such as 

one done by Ciochetti, Deng, Gao, and Yao [2002], has focused on a structural model that 

incorporates both cash flows and property value for predicting default. In this double-trigger 

model, the borrower must incur a negative cash flow position in addition to an adverse net 

equity position to trigger default. They conclude that an asset-value based model alone 

cannot fully explain default incidence. 

 

Tu and Eppli [2003] support the findings of Ciochetti et al. with a double-trigger model that 

interactively uses property prices and property cash flows to estimate default risk, assuming 

that a borrower’s default decision is based on both contemporaneous measures of LTV and 

DCR. They also consider the balloon risk, the risk that the borrower may not be able to 

refinance the mortgage at maturity. Their Monte Carlo simulation results reveal that 

mortgage-pricing models based solely on LTV overestimate the historically observed 

probability and risk premium of default. 

 

Ambrose and Sanders [2003] attribute default to both factors: the frequency of default, 

which is driven by DCR, and the loss severity, which is driven by the LTV at the time of 

underwriting. They state that neither measure alone is conclusive. Even if DCR falls below 

one, the borrower should be able to sell the property for more than the value of the loan 

without defaulting. On the other hand, if LTV increases to 100%, as long as property cash 

flow is not less than the debt service amount for an extended period of time, the borrower 

has little incentive to default, and thus forgo the value of the put option. 

 

The double-trigger model includes property cash flow as another stochastic variable. Period 

property income is determined by multiplying the property value by the property income 
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payout rate. Since interest rate and are correlated, changes in payout is specified as a function 

of the contemporaneous interest rate, which is assumed to follow a lognormal process. 

 

! 

d"
P

= #dr +$"dz"
6 

 

Where, 

βP is the property income payout rate 

λ is an estimated parameter 

r is the interest rate 

σβ is a volatility parameter of the payout rate 

dzβ is a standard Wiener process 

 

Unlike the property value model, which has a time-decreasing threshold (mortgage balance), 

the cash flow model has a constant default threshold (amortized mortgage payment). Given 

the parameters of the stochastic processes, spot interest rates, property values, and property 

income are calculated for each period. These variables are then used to project borrower 

default behavior.  

 

This chapter introduces and defines the default determinant of a mortgage as an embedded 

put option that derives its value from the underlying property. The put option on the 

mortgage is the basic building block of the emerging credit derivatives designed to hedge the 

default risk of CMBS. This thesis extends the property value-based mortgage fundamental 

concept to the CMBS market, relying on commercial property price movement as the 

determining CMBS default risk. This thesis will also assume that commercial borrowers are 

value maximizers that default only when doing so is optimal from a purely financial 

perspective. Therefore, the borrowers default only when the property value falls below the 

mortgage value.  

 

The concept of the proposed synthetic product is to provide an investor a payoff that would 

hedge against the cash deficiency from defaults, as if the investor owns a portfolio of put 

                                                
6 See footnote 2. 
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options on commercial mortgages underlying a CMBS portfolio. This thesis develops a 

methodology that utilizes commercial property price indices as the underlying indices on 

which the proposed CMBS derivative, referred to as property price index-based CMBS 

synthetic, is based. The next chapter will discuss the two most widely used types of CMBS 

credit derivatives: the single-name CDS and the CMBS index-based CMBX.  
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Chapter Two: The Evolution of  CMBS Credit Derivatives 

 

A credit derivative, often referred to as a “synthetic”, is a bilateral financial contract that 

transfers credit exposure from one counter party to another without a transfer of the 

underlying asset. Its value is derived from the performance of the asset it references. Credit 

derivatives isolate credit as a distinct asset class, essentially unbundling the credit risk 

component from the market risk component of the underlying referenced security. The 

simplest and most widely used form of credit derivatives is the credit default swap (CDS), 

which is conceptually similar to credit insurance, an insurance policy associated with a 

specific loan against credit risk for which the purchaser of the insurance pays a regular 

premium.  

 

Credit derivatives have many practical applications. They allow investors to enhance credit 

risk management capabilities, reduce transaction costs, express credit views, and target risk 

exposures in their portfolios that cannot be created through investing exclusively in 

traditional cash markets. As a speculative tool, investors can gain leverage by harnessing and 

exploiting commercial mortgage and real estate expertise. Investors can then focus and 

amplify their abilities to act based on their analyses of opportunities in the commercial 

mortgage loan and CMBS markets.7 

 

While the initial growth of credit default swaps was in single-name trades, recent growth has 

expanded to portfolio-level trades in new sectors such as mortgage-backed securities (MBS) 

and asset-backed securities (ABS). CMBS is the latest asset class to join the family of credit 

derivatives indices. The latest credit derivatives products allow systematic market exposure 

to a basket of credit default swaps through index trades in a particular sector, such as 

corporates (CDX), home equity loans (ABX), and commercial mortgages (CMBX) markets. 

The creation of these CDS indices has enabled market participants to target exposure to 

specific rated tranches of their chosen sectors. 

 

                                                
7 Manzi, J., D. Berezina., M. Adelson. “Synthetic CMBS Primer.” Nomura Fixed Income Research. September 5, 2006 
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S i n g l e - N a m e  C M B S  C r e d i t  D e f a u l t  S w a p  S y n t h e t i c  

 

Synthetic CMBS deal structures involve the removal of the credit risk associated with a pool 

of commercial mortgages by means of a credit default swap. A credit default swap is an 

agreement between two counterparties in which one party wishes to gain exposure to a 

particular reference asset (i.e., “the protection seller”), while the other party wishes to eliminate 

exposure to the same asset (i.e., “the protection buyer”). Selling protection using a CDS differs 

from actually owning a cash bond in several ways. First, the mortgage borrower is not 

directly involved in a CDS contract.  Instead, the borrower is merely referenced in a private 

contract between the protection seller and buyer. A CDS can be created even if a certain 

reference asset is not available in the cash bond market. Also, A CDS contract allows the 

shorting of credit risk by buying protection in a contract. Furthermore, as a derivative 

contract, a CDS contract does not require an initial investment. The synthetic form of credit 

risk offers flexibility for hedging or expressing a view.8 

 

The development of CDS on CMBS highly depends on consistent, reliable contract 

standardization to enhance liquidity thereby promoting buyers and sellers to enter into 

offsetting trades and improve the efficiency of closing out transaction. The International 

Swaps & Derivatives Association (ISDA) has been at the forefront in the credit derivative 

trading technology and template standardization of asset-backed securities. Since the 

standardized documentation in June 2005, single-name CDS market has grown 

tremendously. Liquidity improved as trades may now be initiated with one counterparty and 

closed prior to maturity with another. CMBS contracts are designed differently from the 

traditional CDS contracts in the corporate world. They have been tailored to accommodate 

certain nuances specific to CMBS.  

 

 

                                                
8 Whetten, M., and J. Manzi. “The CMBX: the Future is Here.” Nomura Fixed Income Research. March 23, 2006 
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The Basic Deal Structure 

A credit default swap enables the protection buyer to isolate and reduce its credit exposure 

associated with a pool of commercial mortgage, and the protection seller to synthetically gain 

exposure to the same entity. The protection buyer pays a periodic fixed spread called a 

default swap premium to a protection seller over the life of the transaction, in return for 

which the seller will make a payment on the occurrence of a specified credit event to offset 

the negative price result. The spread is usually quoted as a basis point multiplier of the 

benchmarked notional value of the reference entity. As demand to buy protection increases, 

so does the required spread, indicating there is a greater default probability. The economic 

payoff to the protection seller is the decline in market value from the par due to the credit 

event, generally equal to the loss if the cash bonds were held by the protection seller.  

 

 In a CMBS, the reference asset is essentially a basket of CMBS securities. A cash flow 

exchange mechanism of a default swap is illustrated below: 

 

 

 

Figure 3: CDS Cash Flow Exchange 
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The Credit Events or Floating Amount Events 

Credit events for CMBS are intended to capture any events that affect the cash flow of the 

reference asset. They are the underpinning mechanics of a synthetic exposure. Unlike cash 

security, where the investor owns the security whether it is impaired or in default, the 

definition of credit events governs contingent credit protection by the synthetic investor. In 

most CMBS contracts, there are three credit events: 

 

1. Principal write-down  

A principal write-down refers to a reduction in the outstanding balance of the reference 

CMBS pool. In a principal write-down, the protection seller compensates the protection 

buyer in the amount of the write-down. The contract ends if the reference asset is fully 

written down. A partial write-down amount proportionately reduces the notional value 

of the reference asset that the default swap premium is based on. In this case, the 

protection buyer would continue paying the premium on the proportionately reduced 

notional amount, and the protection seller pays nothing. 

 

2. Principal shortfall 

A principal shortfall occurs when the reference CMBS fails to pay off principal by the 

legal maturity date.  

 

3. Interest shortfall 

An interest shortfall occurs when the interest passed through from the underlying 

mortgage loan is less than the interest to be paid on the security. CMBS subordinate 

classes often suffer from interest shortfalls. There are three methods that determine the 

mechanic of the compensation, which relates to the protection seller’s limit of economic 

exposure, in the event of an interest shortfall.  

• Fixed-cap 

In a Fixed-cap method, the protection buyer is compensated for interest shortfall up 

to the default swap premium. The protection buyer is not compensated for the 

interest shortfall amount that exceeds this premium. In the case that the shortfall is 
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equal to or higher than the swap premium, the premium paid by protective buyer 

offsets the interest shortfall amount, resulting in net zero payment. 

• Variable cap 

In a Variable cap method, the protection buyer is compensated for interest shortfall 

up to a floating rate such as LIBOR plus the default swap premium. 

• No cap 

In this method, the protection buyer is compensated for the entire amount of 

interest shortfall. While the economics of the no cap method more closely resemble 

that of owning a cash bond, it may result in the protection seller repaying excess 

shortfalls out of his own pocket. 
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The 3 methods of interest shortfall treatment in a CDS is illustrated below9:  

 

 

Figure 4: CDS Interest Shortfall Mechanisms 

 

Under each method, any subsequent recovery of interest shortfall and principal write-down 

from the underlying security triggers a pro-rated reimbursement back from the protection 

buyer to the protection seller. The amount of this reimbursement is called “Additional Fixed 

Payment.” 

                                                
9 The assumption is that the underlying security has coupon payment of 6%. The CDS has a premium of 25 basis point. For 
simplicity, the assumption is that the underlying security is suffering 100% interest shortfall. 
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The Pay-As-You-Go (PAUG) Format 

The CDS contract in CMBS does not terminate on the occurrence of a credit event. Instead, 

it is structured on a “Pay As You Go” (PAUG) basis, which involves ongoing two-way 

payments over the life of the contract between the counter parties. The PAUG format is 

intended for the CDS contract to closely mirror the cash flow of the reference bond. A 

PAUG may also include a physical settlement option. The physical settlement option allows 

the protection buyer to terminate the contract before maturity by delivering the reference 

asset. However, if the protection buyer delivers the reference asset for a portion of the CDS 

notional, the PAUG contract remains effective for the remaining portion of the notional 

amount. This ISDA credit derivatives documentation standardization of the PAUG basis, 

introduced in 2005, is one of the major reasons for the dramatic growth of CMBS CDS.  

 

C M B S  I n d e x - B a s e d  S y n t h e t i c :  T h e  C M B X  

 

The liquidity of the CMBS credit derivatives, like other derivatives products, highly depends 

on the availability of a benchmarked index. One of the most significant events in the CDS 

market was the launch of global indices for CDS of corporate credit risk in 2004, which 

remarkably increased trading volumes and provided a strong platform for other index CDS 

products. Daily trading of transparent portfolios and quick dissemination of pricing 

information led to greater liquidity. Since then, the total notional amount in the credit 

derivatives market has more than quadrupled. The recent growth has finally expanded into a 

new sector: the CMBS market.  

 

CMBS is the last major fixed-income asset class to join the family of CDS index derivatives. 

This section introduces a newly developed CDS index derivatives called CMBX10, a 

portfolio-based use of synthetic CMBS. The introduction of the CMBX indices in March 

                                                
10 CMBX was launched by Markit Group Ltd., and CDS IndexCo LLC. Markit Group is a provider of independent mark-
to-market pricing and valuations, and CDS IndexCo is a consortium of 16 investment banks licensed as market makers. The 
market makers in the new CMBX index are Bank of America, Bear Stearns, Citigroup, Credit Suisse, Deutsche Bank, 
Goldman Sachs, J.P. Morgan, Lehman Brothers, Merrill Lynch, Morgan Stanley, Nomura International, RBS, Greenwich 
Capital, UBS, and Wachovia. Markit serves as the Administration and Calculation Agent for the indices. 
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2006 is viewed as a potential catalyst for a tremendous growth of the market.11 Instead of 

entering into separate single-name credit default swap transactions for each of the CMBS 

pool owned, an investor can enter into a contract based on the nationally diversified CMBX, 

which is fairly representative of the overall CMBS credit sector performance. CMBX 

provides CMBS investors with a more efficient and standardized tool for trading and 

structuring an exposure to a diverse pool of assets. 

 

The Construction of CMBX 

CMBX is a tradable synthetic family of indices consisting of six sub-indices, each based on 

25 CMBS deals issued within the past two years. The reference obligation is a pool of pass-

through securities backed by a pool of at least 50 separate fixed-rate commercial mortgages 

from at least 10 unaffiliated borrowers.  The six index tranches are based on the rating of the 

reference obligations, rated AAA through BBB-. A new series of CMBX is issued every six 

months. The CMBX reference entities are selected through an algorithm that identifies the 

deals with a minimum size of $700 million, and which satisfy some additional diversity 

requirements. For example, no state can represent more than 40% of the properties securing 

the transaction, and no single asset type can represent more than 60% of the properties. 

These requirements ensure the diversity of the CMBX.  

 

The Mechanics of CMBX 

The CMBX market quotes are based on spread rather than price. Protection buyers pay 

monthly premiums based on a fixed rate, pre-determined on each index. The buyer and the 

seller of protection settle the net present value when they enter into a contract. For example, 

if the quoted spread is below the fixed rate, the protection seller pays to the protection 

buyer, and vice versa. Over the life of a contract, the protection buyer pays the fixed rate 

amount to the protection seller, based on the current notional amount of the index.12 

 

                                                
11 Whetten, M., and J. Manzi. “The CMBX: the Future is Here.” Nomura Fixed Income Research. March 23, 2006 
12 Whetten, M., and J. Manzi. “The CMBX: the Future is Here.” Nomura Fixed Income Research. March 23, 2006 



 31 

The CMBX index adopts the standardized PAUG template with the three floating amount 

events— principal write-down, principal shortfall, and interest shortfall— as published by 

the ISDA. The index uses the fixed cap method for the interest shortfall event. The CMBX 

index contract does not include a physical delivery option for protection buyers.  

 

An investment in a tranche of the CMBX index is technically analogous to entering into a 

separate credit derivatives transaction on each of the 25 underlying reference obligations. In 

other words, the index represents aggregate diversified performance of a basket of single-

name CMBS credit default swaps. 

 

A p p l i c a t i o n s  o f  C M B S  C r e d i t  D e r i v a t i v e s  

Hedging credit risk 

CMBS CDS contracts can be used as a hedging tool by investors and dealers, both against 

general spread widening and the potential negative credit performance of an individual line 

item. CMBS issuers and conduits buy the contracts to hedge the pipeline of loans they hold 

awaiting securitization. Conduits historically hedge the risk of fluctuating Treasury rates and 

fluctuating interest rate in the futures and options market, but they had no means to hedge 

against the risk of CMBS credit spreads widening before the introduction of CMBS CDS. 

Financial institutions looking to reduce loan portfolio risk following mergers and 

acquisitions, and banks looking to reduce credit risk of commercial mortgages are also 

potential protection buyers. 

 

The CMBX provides a more efficient tool for trading and hedging systematic market-wide 

commercial mortgage credit risk, particularly for investors and hedgers with a diversified 

CMBS portfolio. Investors can also separate spread risk and credit risk of the CMBS market 

by rolling into a new index series every six months. 

 



 32 

Expressing credit views 

CMBS CDS provide investors with convenient means of expressing credit views on the 

CMBS market. In the CMBS cash market, where shorting a security down the credit curve is 

not a practical option, an investor looking at a questionable credit can only refrain from 

buying. With CMBS CDS, investors have the option to convert their negative credit outlook 

into a position in CDS. This strategy allows investors and B-piece buyers to be selective 

about CMBS exposure, leveraging their underwriting capabilities. 

 

While the single-name CMBS CDS allows investors to express their credit views towards 

specific bonds, the approach is inefficient for investors who wish to express a market-wide 

view. With the CMBX, investors can take advantage of any expectations of market-wide 

spread tightening or widening. They can also express market-wide rating-specific credit 

views. 

 

Investors can also buy protection in one CMBX-rated index while sell protection in another 

CMBX-rated index, expressing a market-wide relative value opinion. Hedge funds may take a 

highly leveraged and more aggressive position, such as long-short strategy, to exploit relative 

value between the general market and specific deals based on rating, vintage, and other 

attributes. They would likely be short-term players, taking advantage of temporary price 

dislocation in the CMBS market. 

 

Alpha harvesting 

The broad-based exposure of CMBX allows investors who benchmark against a CMBS 

index to hedge their position without being influenced by bond-specific credit concerns. 

Investors can spend their time harvesting alpha through careful bond selection and either 

buying protection or selling under-performing cash bonds or selling protection or buying 

over-performing cash bonds. This strategy would help investors to outperform the given 

index. 
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The broad-based exposure of the CMBX eliminates specific bond-level basis risk, and 

provides a more operationally efficient and low cost method of sector rotation trading. The 

CMBX indices can be used for various relative values strategies. One strategy is to exploit 

relative value between the general market and specific deals by taking a long-short position 

in single-name CMBS CDS and a CMBX index.  

 

Portfolio ramp-up 

CDO managers would use the synthetic for managing their portfolios, either for a quick 

ramp-up or by engaging in a long-short strategy. The ability to choose line items to sell 

protection on without having to necessarily rely on the output in the new issue market 

makes CDS contracts a valuable tool for CDO issuers. They can source CMBS collateral 

purely synthetically or in conjunction with cash securities through a hybrid cash and 

synthetic deals, taking advantage of asset availability and market spread levels.  

 

The availability of the CMBX has resulted in increased efficiency in synthetically trading and 

transferring the credit risk of commercial real estate market. The readily available public 

information on construction and calculation of the index led to increased investors’ 

confidence and ensure transparency. However, while the tradable CMBX is a great broad-

based index of CMBS for hedging against default behavior of a diversified pool of 

mortgages, it is not well tailored to a particular investor having defined exposure to certain 

markets.  

 

 



 34 



 35 

Chapter Three: The Property Index-Based CMBS Synthetic 

 

A CMBS pool is composed of commercial mortgages collateralized by a unique blend of 

properties. While the tradable CMBX is a great broad-based index of CMBS for hedging 

against default behavior of a diversified pool of mortgages, it cannot be custom tailored to a 

particular investor having defined exposure to certain markets. This thesis proposes that a 

weighted customized composition of commercial property indices, each representing 

different property types and geographic locations of underlying properties in the CMBS 

pool, can more closely match real estate exposure of a particular CMBS portfolio. The key 

assumption of this thesis hinges on the correlation between CMBS default behavior and 

commercial property value. This thesis focuses on commercial property price index 

movements as the major factor in explaining commercial mortgage termination behavior.  

 

The proposed property price index-based CMBS synthetics are a set of tranche-specific 

indices that could in principle be traded directly as a derivative contract between protection 

buyer and protection seller. The synthetic is designed to closely mirror the cash flow losses 

due to defaults13 of the particular market exposure in a portfolio of cash CMBS bonds. Such 

a trade may also permit an investor to artificially construct a pool of credit exposures that 

might not be obtainable in cash form. The method of payment can take the form of either a 

fixed premium like a credit default swap, or an upfront payment like an option.  

 

For the contract to be successfully executed, there needs to be demand on both the short 

and the long side of the synthetic. The long side consist of protection buyers who either 

have a CMBS portfolio they want to hedge, or who want to make a bet on a commercial real 

estate market decline. The protection buyers can be any CMBS market participants ranging 

from hedge funds, CMBS trading desks, and banks that have concentrated credit exposure in 

certain market sectors.  

 

                                                
13 In this thesis, we shall refer to the cash flow losses due to defaults of properties underlying mortgages in a CMBS as the 
“credit loss” and such risk as the “credit risk.” The term “credit risk” and “default risk” may also be used interchangeably.  
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The short side consists of protection sellers who have positive views towards a particular 

commercial market, since the protection sellers would only gain from the contract if the 

premium offsets the payoffs of the synthetic. Another type of protection sellers are those 

who want to invest in a particular CMBS market but do not have access to it. The protection 

sellers can assume the default risk of owning a particular tranche of a particular CMBS pool. 

 

This thesis hypothesizes that the proposed synthetic property price index-based derivatives 

would provide a more tailored hedging alternative for CMBS investors with market and 

property-specific default risks. The model in this thesis relies on some stylized assumptions, 

but it offers a proof of concept for the product at a basic level, and provides a useful 

methodology for further studies.  

 

The first part of this chapter presents some challenges and concepts that lay the basis for 

structuring property price index-based credit derivatives. The second part of the chapter 

describes the stylized assumptions of the analysis. The third part illustrates the methodology 

used to model the proposed synthetic product.  
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I m p o r t a n t  C o n s i d e r a t i o n s  f o r  I n d e x - B a s e d  D e r i v a t i v e s  

Basis Risk 

Basis risk occurs when the desired object to be hedged is different from the underlying asset 

of the hedging tool used. It is the risk that the synthetic exposure does not perfectly track 

the desired exposure it was designed to replicate. Both the CMBX and the proposed 

property index-based CMBS synthetic have some kind of basis risk. The underlying assets of 

the CMBX are 25 biggest and most recent CMBS deals, which undoubtedly represent 

accurate default behavior of a diversified CMBS pool. However, it suffers from the basis risk 

that an investor’s CMBS portfolio exposure might not be diversified, and thus not well 

represented by the general market average index. On the other hand, the underlying asset of 

the proposed synthetic product is a set of commercial property indices. Basis risk is also 

present in this model, as the underlying commercial property prices are not perfectly 

correlated with actual CMBS default behavior. However, the index exposure to commercial 

market sectors might act as a better surrogate for the CMBS portfolio exposure. An example 

of commercial property indices that might reduce the overall basis risk of the property 

index-based synthetic is explained in the next section. 

 

The Use of Real Capital Analytics Transaction-Based Indices 

By unbundling a CMBS pool into property type and market-specific tranches, a tailored 

composition of commercial property price sub-indices can be a better surrogate for 

structuring property price index-based synthetics. This strategy has numerous applications 

for investors whose CMBS allocation has concentrated exposure, not well represented by the 

diversified CMBX. Imagine, for example, an investor whose CMBS portfolio is heavily 

weighted on a Southern office market who would like to hedge his portfolio from credit 

default risk. The CMBX might prove to be too diversified for his exposure. His Southern 

office properties may be better represented by the transaction-based property price index 

such as the Real Capital Analytics (RCA) index. The property type and geographic sub-

indices prove to be very suitable for customizing his exposure into a weighted fraction of a 

set of these indices. Another advantage of using the RCA property price index-based is its 
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tremendous wealth of commercial real estate investment market data and analysis inherent in 

the indices. This should gain investors’ confidence and improve trading liquidity, as the 

underlying indices have already proven to be widely accepted benchmarks in the general real 

estate market.  

 

There are two methods of constructing property price indices: the transaction-based method 

and the appraisal-based method. An example of a repeat-sales transaction-based index is 

based on the RCA database developed by MIT/CRE.14 An example of the appraisal-based 

index is the NCREIF property price index. The transaction-based method more accurately 

represents the true property value, as it avoids the smoothing and lagging of commercial 

price movements in the index of the appraisal-based method. A repeat-sale index includes 

property sales into account at the earliest possible time, rather than as supporting data in 

appraisals, which introduces the possibility of a lag. In effect, the appraisal-based indices are 

subjective and myopic. Although the transaction-based index is more volatile, it leads the 

appraisal-based index in timely reporting the property value. Thus, it would more accurately 

capture the short-run volatility and downturn market, tracking the actual defaults in 

properties.  

 

A set of 29 RCA transaction-based indices has been developed specifically for derivatives 

trading. It includes national, regional, and MSA-level for four property usage type sectors, as 

well as top-10 MSA indices by sector. The capability of an investor to compose a weighted 

index from these sub-indices presents a new possibility for the property index-based CMBS 

synthetic. In this thesis, we will refer to the customized exposure-weighted index as the 

“CMBS portfolio index” or simply the “portfolio index.” 

 

Option on a pool vs. Pool of options 

After reading the literature review in Chapter One, one may be tempted to conclude that a 

CMBS investor can eliminate portfolio default risk simply by purchasing real estate put 

options to cancel the risk incurred from embedded option investments. However, the 

                                                
14 Refer to http://web.mit.edy/cre/research/credl/tbi.html  
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strategy is flawed. Mortgages in a CMBS pool are structured into tranches, each with a 

unique risk profile according to its payment characteristics. The CMBS investor holds in 

effect a portfolio of options with different strike prices, corresponding to the different 

tranches in a CMBS structure. A portfolio of options is not the same as an option on a 

portfolio.  

 

Recall that in traditional mortgage pricing literature, default risk of a mortgage can be 

calculated as a put option on the collateral property. The logic then follows that default risk 

of a CMBS is the average of all individual put options on the corresponding collateral 

properties in the CMBS. These put options have different strike prices corresponding to 

different LTV of the individual mortgages. More importantly, they also depend on different 

commercial property price movements of the underlying properties. Therefore, an 

adjustment needs to be made to account for the individual property price movements. 

 

Adjustment for the Downside Idiosyncratic Risk of the Collateral: the “k”  

The proposed property price index-based CMBS synthetic has characteristics similar to a put 

option because its value is contingent upon an extreme downside outcome; its payoff is 

asymmetrical. If all of the properties underlying all the loans in a given CMBS pool evolved 

in an exactly identical manner over time, then a portfolio of simple put and call options on a 

weighted index tracking the weighted average market the properties were located in would 

indeed suffice to provide a synthetic hedge to the CMBS securities. (A given CMBS tranche 

would be hedged by a specific combination of puts and calls on the index, with different 

strike prices to tailor the exposure to the specific tranche). But in reality the individual 

properties underlying the loans in the pool will evolve to some extent independently, 

reflecting the realization and accumulation of idiosyncratic risk – property specific components 

of the property price movements that do not echo the overall index. A given property 

underlying a mortgage in a CMBS pool may do poorly and default even though the overall 

market and the market-weighted index increase in value. Therefore, a simple option on the 

market-weighted index would fail to reflect the actual default risk of some underperforming 

properties in a CMBS pool.  
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In our proposed synthetic hedge product, we address this issue by conceiving of the 

property pool as being segregated into components corresponding to each tranche in the 

CMBS, with each component tracking below the customized market-weighted index, 

referred to as the portfolio index, by a constant rate of drift, “k”. The k allows the synthetic 

hedge product to reflect the downside idiosyncratic drift of the underperforming properties 

that are relevant (ex post) to a given tranche. To an approximation, the drift differentials 

below the portfolio index reflect the idiosyncratic evolution of individual properties that can 

result in defaults in lower tranches even when the overall market, the portfolio index, and 

mortgage pool, are all doing fine.  

 

The lowest-rated tranche is most sensitive to credit losses due to defaults; therefore, the 

effective downside idiosyncratic volatility relevant to it is the highest, implying a greater 

negative drift differential below the portfolio index (the highest constant k rate below the 

portfolio index). The greater the (negative) drift differential, the lower (more junior) the 

CMBS tranche hedged by the synthetic. By basing the synthetic hedge on a specific chosen 

value of the differential drift constant, the synthetic hedge is matched (approximately) to a 

given tranche of the CMBS that is being targeted. We shall refer to the synthetic with its k 

value thusly defined as a “synthetic tranche”.  

 

We can then structure the payoffs to the synthetic product based on the portfolio index 

reduced by the differential drift so as to mimic to a considerable degree the credit losses 

incurred by a specific CMBS tranche. The drift differentials in effect adjust the default 

boundary of the portfolio index. A method a hedger might use to calculate the k value he 

wishes to employ in the synthetic is explained in more detailed in this next section. 
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The Monte Carlo Method 

Although the proposed synthetic product is designed to be based on the RCA-like indices, 

this thesis uses a simulated commercial property price process as a proxy for the index. The 

reason is that the RCA index only dates back to 2001, when the overall real estate market has 

ever since been a bull market. Therefore, the RCA index short history would paint an overly 

rosy picture of CMBS, and would not be indicative of the possible future defaults. After all, 

considering that the property and capital markets are late in their cycles, and that the recent 

underwriting has been more risky, it would not be accurate to extrapolate the past into the 

future.15  

 

Instead, this thesis uses Monte Carlo simulation analysis to simulate independent commercial 

property price paths representing all possible future paths for the commercial property 

index, generated from random variables. This method is used to simulate the behavior of the 

synthetic product and of the actual CMBS pool being hedged. The simulation method would 

also seek to examine the hedging qualities of the synthetic, including cash flow correlation 

between the synthetic payoffs and the hypothetical CMBS pool actual losses, and hedge 

ratio. The result of the analysis would reveal the best k value an investor might want to use 

for the synthetic. 

 

Monte Carlo method of derivative valuation relies on two powerful statistical engines 

Khinchine’s Strong Law of Large Numbers and the Lindeberg-Levy Central Limit Theorem.  

 

KhinChine’s Strong Law of Large Numbers states that the if the sample X1,X2…,Xn,… are 

independent and identically distributed, with E(Xi) = µ (a finite number) for each i, then 

with probability one: 
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15 Moody’s Investors Service, US CMBS and CRE CDO 1Q 2007 Review: Conduit Credit at the Turning Point? 
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In other words, the sample mean approaches the true mean as the sample size increases. 

 

The Lindeberg-Levy Central Limit Theorem states that the sample mean X1, X2, …, Xn, … 

are independent and identically distributed with E(Xi) = µ, and if var(Xi) = σ2 (a finite 

number) for each i, then: 
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In other words, the sample mean is approximately normally distributed with distribution 

N(µ,σ2/n) for large n. 
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T h e  S t y l i z e d  C M B S  P o o l :  S i m p l i f y i n g  A s s u m p t i o n s  f o r  

t h e  A n a l y s i s  

Commercial Mortgages Underlying the Stylized CMBS Pool 

The stylized CMBS pool in our analysis represents the actual CMBS pool in an investor’s 

portfolio that is being hedged by our synthetic product. Consider a stylized CMBS pool that 

consists of 80% average LTV, interest-only commercial mortgages whose only risk is the 

default risk. Since there is no principal payment, the loan balance is constant throughout the 

life of the mortgage. The CMBS pool is composed of 100 commercial mortgages, each 

secured by a single income-producing property. For simplicity, all mortgage contracts and 

initial property values in the pool are identical. The study assumes that each mortgage is non-

recourse and that there is no cross-collateralization among individual mortgages in the pool 

with other mortgages either within or outside the pool. The mortgage contains a lockout 

provision that prohibits prepayment during its life, thus the thesis assumes away the interest 

rate risk. Assume also that there is no transaction costs in the event of default.  

 

The Stylized CMBS Pool Subordination Structure 

The subordination structure of our stylized CMBS pool consists of three rated tranches: B, 

BBB, and AAA, as summarized below.  

 

Table 1: CMBS Pool Subordination Levels 

CMBS Structure

Total pool par 100

B par 10

Subordination 0

BBB par 30

Subordination 10%

AAA par 60

Subordination 40%
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The Default Boundary of the CMBS Pool 

Our methodology adopts the single-trigger default model that focuses on the real estate 

default risk. Recall from Chapter One that this default model accounts for property value as 

the prime determinant for default. Under this assumption, the borrower defaults rationally 

whenever the property value falls below the loan balance.  

 

The lower-rated tranches provide credit support for the higher-rated tranches. Credit loss 

due to defaults, which is the difference between mortgage loan balance and property value at 

the time of default, is deducted from the lowest-rated to the highest-rated tranche. Defaults 

reduce the face value of the lowest-rated principal-based tranche first. If credit losses 

cumulatively exceed the face value of the lowest-rated tranche, losses are then allocated to 

the next highest-ranking tranche until fully allocated.  

 

The stylized pool consists of 60% AAA tranche, 30% BBB tranche, and 10% B tranche. The 

default order and the subordination structure of each tranche can be converted to a tranche-

specific LTV, which represents its default trigger. The lowest-rated tranche would be 

considered to have the highest LTV, as it is first to default. The higher the LTV, the less 

property value needs to fall in order to trigger credit losses in the tranche. The B tranche is 

the first-loss tranche, as it has no credit support; the default risk is the same as the overall 

pool at 80% LTV. Therefore, its default trigger or ceiling is $100. The BBB tranche has 

credit support of 10%, therefore the pool would have to suffer 10% of the loan balance 

before the BBB tranche would be impacted. This means that the underlying property value 

would have to fall to $90/125 = 72% of its initial value before the BBB tranche loses its par 

value. In other words, it has default risk similar to a mortgage with a 72% LTV ratio. The 

AAA tranche has credit support of 40%, therefore the pool would have to suffer 40% of the 

loan balance before the AAA tranche would be impacted. The AAA tranche has default risk 

similar to a mortgage with a 48% LTV ratio ($60/125).  
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T h e  C M B S  S y n t h e t i c  P r o d u c t  

Definition of the Synthetic Product 

The synthetic product is designed to hedge against the credit losses of an actual CMBS pool; 

therefore the payoff structure and boundary of the synthetic product should approximately 

replicate the default structure and boundary of a referenced CMBS tranche.  

 

To standardize and facilitate the quoting and marking of the synthetic product, a stylized 

index payoff trigger value is established at $100. For example, if one is trying to hedge a 

CMBS with an 80% LTV, the synthetic contract would be written with a portfolio index 

starting value of $125 ($100/0.80), so that the trigger of $100 would correspond to the 

portfolio index falling to 80% of its starting value.  

 

As another example, if one is trying to hedge a CMBS with a 75% LTV, the synthetic 

contract would be written with a portfolio index starting value of $133.33 ($100/0.75). The 

goal is to standardize the synthetic contract by calibrating the synthetic payoff trigger to be 

$100 notional value in all the contracts.  

 

The Calibration Process 

Each synthetic tranche represents the value of the properties that will ultimately cause credit 

losses to a given corresponding actual CMBS tranche that is the hedge target. From this 

point forward, we will refer to this value as the “collateral value.” Recall that the k rates are the 

drift differentials that model the downside idiosyncratic risk of each synthetic tranche. In 

effect, the k rates determine the sequential payoff order of the synthetic tranches in the 

model so as to approximately replicate the default order of the actual CMBS tranches under 

the same subordination assumptions. The payoff boundary of the synthetic product should 

therefore approximately replicate the default boundary of a referenced tranche in the CMBS 

pool. 
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Recall that for the proposed synthetic to hedge our CMBS pool with an 80% LTV, the 

synthetic contract would be written with the portfolio index starting value of $125. 

Therefore, the synthetic tranche starting value (presumed initial collateral value) is also $125. 

Each synthetic tranche is calibrated to have a payoff trigger of $100. This process, in some 

sense, is normalizing the actual CMBS tranche’s default risk equivalence to an 80% LTV. 

This standardization will make the synthetic product easier to work with by multiple parties 

who use the synthetic product for different purposes. The k differentials act as a device to 

standardize the synthetic product for trading. Ideally, an investor should pick a k rate such 

that the synthetic tranche, modeled with the selected k rate, would hit the $100 ceiling when 

the actual target CMBS tranche is expected to experience credit losses.  

 

Consistent with this calibration process and considering that the B tranche encompasses 

10% of the par value of the pool, the stylized floor of the B tranche would be $90. Similarly, 

the BBB tranche encompasses 30% of the par value of the pool, so the stylized floor of the 

BBB tranche would be $70. The AAA tranche encompasses 60% of the par value of the 

pool, so the stylized floor of the AAA tranche would be $40. LTV equivalence is calibrated 

to 80%, and would be terminated once the property value falls below $40. The calibration 

process is summarized in the Table 2 below.  

 

 

Table 2: LTV Default Trigger 

LTV Ceiling Floor LTV Ceiling Floor

Property Value Equivalence Trigger Trigger Equivalence Trigger Trigger

$

___125

___100 = 80% LTV $100 $90 80% LTV $100 $90 B 

B 10% ___90 = 72% LTV $90 $60 80% LTV $100 $70 BBB 

BBB 30%

___60 = 48% LTV $60 $0 80% LTV $100 $40 AAA 

AAA 60%

___0

No Calibration With Calibration
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T h e  S y n t h e t i c  P r i c e  P r o c e s s   

 

In this section, we present the price process underlying the portfolio index, and how the 

synthetic tranches are adjusted from and related to the index. The study utilizes the Monte 

Carlo method as the engine to simulate future possible price paths of the portfolio index. 

The index, Mt, is modeled as a lognormal process: 

 

! 

"
t

= "
t #1

e
µ(dt) + ˜ $ 

t  

 

where, 

µ is the portfolio index continuously-compounded long-run expected return net of property 

income; i.e., the mean rate of appreciation in property value 

Since the paths are simulated in quarterly time steps, dt = 0.25 years 

 

Zt is the stochastic volatility of the index price path, which is defined as: 

 

! 

˜ Z 
t

="
m

N(0,1) dt  

 

where, 

σm is the continuously-compounded index volatility per annum 

N(0,1) is a random number under the standard normal distribution16 

 

The stochastic variable Zt creates volatility around the long-run drift rate µ of the portfolio 

index in each period. Together, the portfolio index growth rate is defined as: 

 

! 

g
t
m = µ(dt)+ ˜ " 

t
= µ(dt)+#m  N(0,1) dt  

  

 

                                                
16 The standard normal distribution is a normal distribution with a mean of 0 and a standard deviation of 1. 
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Since the starting value of the synthetic tranche Bt is the same as that of the portfolio index 

Mt,  

B0=M0=$125 

Let t = 1, 

 

! 

M
t

= M
0
e
(g
t
m
)
  

 

Recall that Bt is defined as a constant k below Mt growth rate; therefore, 

 

! 

B
t

= M
0
e
(g
t
m
) " kB (dt)  

 

In a general term, 

 

! 

B
t

= B
t "1

e
µ(dt) +#

m
N(0,1) dt " k

B
(dt)  

 

Therefore, each tranche is defined as: 

 

! 

B
t

= B
t "1

e
µ(dt) +#

m
N(0,1) dt " k

B
(dt)  

! 

BBB
t

= BBB
t "1

e
µ(dt) +#

m
N(0,1) dt " k

BBB
(dt)  

! 

AAA
t

= AAA
t "1

e
µ(dt) +#

m
N(0,1) dt " k

AAA
(dt)  

 

where, 

M0 = B0 = BBB0 = AAA0 = $125, and kB > kBBB > kAAA 

 

The price paths for the portfolio index and each of the tranches are simulated for 20 periods 

(t = 5 years) with the following CMBS portfolio assumptions: 

µ = 1%  

σm = 10%  
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These assumptions should be consistent with the forecasts for the particular CMBS portfolio 

market exposure of the investor. A single simulation of portfolio index price path and the 

corresponding synthetic tranches is illustrated in Table 3 and Figure 5. This simulation 

happens to represent a slightly pessimistic market scenario.  

Table 3: Synthetic Price Process Simulation 

Figure 5: Portfolio Index and Synthetic Tranches Price Paths

Period Normal (0,1) Random Volatility Index Growth Index B BBB AAA

t _ z(t) g(m,t) M(t) B(t) BBB(t) AAA(t)

0 125.00 125.00 125.00 125.00

1 -1.44 -0.07 -0.07 117.02 114.71 115.42 116.33

2 0.38 0.02 0.02 119.48 114.81 116.24 118.08

3 0.23 0.01 0.01 121.12 114.09 116.23 119.00

4 0.49 0.02 0.03 124.29 114.76 117.64 121.40

5 -0.58 -0.03 -0.03 121.19 109.68 113.14 117.67

6 -0.49 -0.02 -0.02 118.69 105.30 109.29 114.57

7 1.97 0.09 0.10 130.71 113.68 118.72 125.43

8 0.97 0.05 0.05 137.24 117.00 122.95 130.92

9 -1.13 -0.05 -0.05 130.39 108.96 115.21 123.65

10 -0.11 -0.01 0.00 130.01 106.50 113.31 122.57

11 -0.05 0.00 0.00 130.00 104.39 111.75 121.84

12 -1.00 -0.05 -0.05 124.27 97.82 105.37 115.79

13 -0.70 -0.03 -0.03 120.51 92.98 100.78 111.62

14 0.19 0.01 0.01 121.89 92.20 100.55 112.24

15 -0.80 -0.04 -0.04 117.64 87.22 95.72 107.69

16 -0.39 -0.02 -0.02 115.78 84.15 92.92 105.37

17 -0.46 -0.02 -0.02 113.54 80.89 89.88 102.73

18 1.17 0.06 0.06 120.38 84.07 93.99 108.27

19 -0.53 -0.03 -0.02 117.69 80.57 90.64 105.23

20 -0.53 -0.03 -0.02 115.02 77.19 87.37 102.24
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B BBB AAA

Ceiling 100 100 100

Floor 90 70 40

T h e  S y n t h e t i c  P a y o f f  S t r u c t u r e   

 

 

 

 

 

Table 4: Synthetic Tranche Payoff Boundary 

 

Now that we understand how the synthetic tranche price paths are adjusted from the 

portfolio index by the k, let us examine more closely the payoff structure of each synthetic 

tranche. Table 4 above summarizes the synthetic tranche payoff boundary, which is derived 

from the default boundary of the corresponding tranches in the referenced CMBS portfolio.  

 

Recall the following default behavior of the properties underlying a CMBS pool. When 

current property value exceeds the ceiling boundary, the borrower continues repaying the 

loan according to contract terms and there is no default. But whenever property value drops 

below its original loan value, the borrower defaults. The synthetic tranche adopts its payoff 

structure from the default behavior of the properties underlying the referenced CMBS pool. 

The payoff structure of the synthetic tranche, therefore, reflects endogenous default 

decision-making by individual borrowers of the underlying commercial mortgages in the 

CMBS pool. The synthetic tranche is essentially an index derivative that approximately 

payoffs within the referenced CMBS tranche default boundary, to hedge against its credit 

risk. 

 

When the simulated synthetic tranche falls in its payoff boundary, the actual referenced 

CMBS tranche is assumed to have experienced some cash flow losses due to property 

defaults. Therefore, the synthetic tranche payoffs the impaired cash flow amount, and its 

notional par value is written down by the same amount. The payoff is the difference between 

the synthetic tranche’s ceiling and current par value. At each period thereafter, the model 

tracks the synthetic tranche’s minimum to date. Every time its minimum to date drops below 

its previous minimum, the synthetic tranche pays the difference between the previous 
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minimum and the current minimum to date. This mechanical payoff process continues until 

the synthetic tranche hits the floor, and exhausts its par value. The payoff mechanism caps 

each synthetic tranche total payoff at its par value. In our example, the B, BBB, and AAA 

synthetic tranches’ maximum payoffs are their par values of 10, 30, and 60 respectively. Each 

synthetic tranche’s payoff mechanism is the same. The k should be calibrated such that a 

synthetic tranche does not start its payoff period until its more junior synthetic tranche has 

exhausted its par value.  

 

The following series of tables and graphs present the individual synthetic tranches, for the 

same simulation scenario as the previous sections. Each graph depicts the synthetic tranche 

as an adjusted index from the portfolio index by a constant rate of k. The shaded area 

represents the synthetic tranche payoff boundary, as defined by the floor and the ceiling. 

From this graph, the payoff period can also be estimated. Each graph is accompanied by a 

payoff schedule. The 2nd column in the payoff schedule is the synthetic tranche price path 

across the 20 quarters. The 3rd column tracks the synthetic tranche’s minimum value to date, 

which is then used to calculate the payoff in each period as shown in the 4th column. The 5th 

column keeps track of the remaining par value. The last column calculates the ratio of 

synthetic payoff in each period to the synthetic tranche notional par value. In this thesis, this 

ratio will be referred to as “the synthetic payoff ratio.” The synthetic payoff ratio will be 

compared to the corresponding ratio for the credit losses of the actual CMBS tranches. In 

our study, the actual CMBS tranches are modeled by using a hypothetical CMBS portfolio, 

which is presented in the next section. 
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Figure 6: B Synthetic Tranche Price Process 

 

Table 5: B Synthetic Tranche Payoff Schedule 

Period track min Payoff /

t Bt until floor Payoff Par Value $ notional par

0 125 0 0 10

1 115 0 0 10 0.00

2 115 0 0 10 0.00

3 114 0 0 10 0.00

4 115 0 0 10 0.00

5 110 0 0 10 0.00

6 105 0 0 10 0.00

7 114 0 0 10 0.00

8 117 0 0 10 0.00

9 109 0 0 10 0.00

10 107 0 0 10 0.00

11 104 0 0 10 0.00

12 98 98 2 8 0.20

13 93 93 5 3 0.50

14 92 92 1 2 0.10

15 87 90 2 0 0.20

16 84 90 0 0 0.00

17 81 90 0 0 0.00

18 84 90 0 0 0.00

19 81 90 0 0 0.00

20 77 90 0 0 0.00

Total 10 1.00

B Synthetic
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Figure 7: BBB Synthetic Tranche Price Process 

 

Table 6: BBB Synthetic Tranche Payoff Schedule

Period track min Payoff /

t BBBt until floor Payoff Par Value $ notional par

0 125 0 0 30

1 115 0 0 30 0.00

2 116 0 0 30 0.00

3 116 0 0 30 0.00

4 118 0 0 30 0.00

5 113 0 0 30 0.00

6 109 0 0 30 0.00

7 119 0 0 30 0.00

8 123 0 0 30 0.00

9 115 0 0 30 0.00

10 113 0 0 30 0.00

11 112 0 0 30 0.00

12 105 0 0 30 0.00

13 101 0 0 30 0.00

14 101 0 0 30 0.00

15 96 96 4 26 0.13

16 93 93 3 23 0.10

17 90 90 3 20 0.10

18 94 90 0 20 0.00

19 91 90 0 20 0.00

20 87 87 3 17 0.10

Total 13 0.43

BBB Synthetic



 54 

 

Figure 8: AAA Synthetic Tranche Price Process 

 

Table 7: AAA Synthetic Tranche Payoff Schedule 

Period Payoff /

t AAAt track min Payoff Par Value $ notional par

0 125 0 0 60

1 116 0 0 60 0.00

2 118 0 0 60 0.00

3 119 0 0 60 0.00

4 121 0 0 60 0.00

5 118 0 0 60 0.00

6 115 0 0 60 0.00

7 125 0 0 60 0.00

8 131 0 0 60 0.00

9 124 0 0 60 0.00

10 123 0 0 60 0.00

11 122 0 0 60 0.00

12 116 0 0 60 0.00

13 112 0 0 60 0.00

14 112 0 0 60 0.00

15 108 0 0 60 0.00

16 105 0 0 60 0.00

17 103 0 0 60 0.00

18 108 0 0 60 0.00

19 105 0 0 60 0.00

20 102 0 0 60 0.00

Total 0 0.00

AAA Synthetic
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T h e  H y p o t h e t i c a l  C M B S  P o r t f o l i o  

 

Recall that the primary use of the synthetic is to facilitate the hedging of exposure to real 

CMBS tranches. Therefore, it is likely that in the real world, potential users of the synthetic 

would analyze the product by simulating the behavior of the synthetic product and of a real 

CMBS pool that they would model. In this section, we present such an analysis based on a 

hypothetical CMBS portfolio. 

 

Such an analysis would seek to suggest the hedging qualities of the synthetic, including cash 

flow correlation between the synthetic payoffs and the hypothetical CMBS tranche actual 

losses, and hedge ratio analysis. The analysis would also be used to help the user pick the k 

value they want to use in the synthetic, by fine-tuning the k that best suit the particular 

market exposure and investor CMBS portfolio composition.  

 

The key difference between the synthetic product and the actual CMBS pool is that the latter 

is composed of actual individual properties that have idiosyncratic risk that triggers individual 

property default behavior. The properties that we model in this section are surrogates for the 

actual behavior of properties underlying a securitized mortgage in a CMBS pool that the 

investor is trying to hedge. In our analysis, we model the underlying properties in a 

hypothetical CMBS pool such that they approximately mimic the timing of actual defaults of 

the underlying properties in an investor’s actual CMBS pool. In this thesis, we will refer to 

the actual cash flow loss due to defaults experienced by specific tranches of a hypothetical 

CMBS portfolio as the “actual credit loss”, or simply “credit loss.” 

 

The hypothetical CMBS portfolio models the dispersion of individual property values—the 

idiosyncratic risk— by an additionally imposed random volatility σI around the portfolio 

index. Similar to the role of k in the modeling of synthetic tranches, the idiosyncratic 

volatility in this model is meant to reflect the downside idiosyncratic risk of individual 

properties. Some properties would default even though the portfolio average, as represented 

by the index, does not suggest any property defaults.  
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Consistent with the portfolio index model, each of the 100 properties in this hypothetical 

pool is valued at $125 for a total value of $12,500. At 80% LTV, the total loan par value is 

$10,000. This loan principal value is allocated to each CMBS tranche according to its 

predefined subordination levels, as shown in Table 8 below.  

 

 

Table 8: Hypothetical CMBS Portfolio Par Value and Tranche Allocation 

 

The individual properties, Pt, are modeled as a lognormal process. Since the individual 

properties represent the underlying collateral in the CMBS pool, they too start at $125. They 

are modeled to drift with the portfolio index growth rate 

! 

g
t
m , with an idiosyncratic volatility of 

σi in each period.  
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P
t

= P
t "1

e
(g
t
m
) +# iN(0,1) dt

 

 

where, 

P0=M0=125 

 

σi is the individual property idiosyncratic risk that represents the degree of property 

dispersion around the portfolio index. It also determines how well the index represents the 

actual market exposure of investor’s CMBS portfolio, which should vary accordingly. In this 

scenario, σi is assumed to be 5%.  

 

Pool Individual 

Properties

Property Value 12500 125

Loan Par Value 10000 100

B Par 1000 10

BBB Par 3000 30

AAA Par 6000 60
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Recall that

! 

g
t
m = µ(dt)+ ˜ " 

t
= µ(dt)+#

m
 N(0,1) dt  = portfolio index growth rate 

! 

g
t
m  is consistent across the portfolio index, synthetic tranches, and the individual properties 

in each period.  

 

By the use of Monte Carlo simulation method, these properties are simulated simultaneously 

with respect to the portfolio index and synthetic tranche movements. The same simulation 

trial as for the index and synthetic tranche price paths, illustrated in Figure 5, is presented 

below for the properties underlying the hypothetical CMBS portfolio. 

Figure 9: Individual Properties Price Path (20 properties shown) 

 

T h e  C r e d i t  L o s s  S t r u c t u r e  o f  t h e  H y p o t h e t i c a l  C M B S  

P o r t f o l i o  

 

In this section, we present how the individual properties’ price paths cause defaults in the 

hypothetical CMBS portfolio, how credit losses are allocated to the par value of each 

tranche, and how a credit loss ratio is calculated. The hypothetical portfolio is a proxy for the 

actual CMBS portfolio that an investor is holding.  
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Each point along the individual properties price path represents the value of a property 

underlying a securitized mortgage in the CMBS pool. Any default events in the pool disrupt 

the cash flows to the holders of CMBS based on the subordination structure, reducing the 

par value of each tranche sequentially from the lowest-rated to the highest-rated. The B, 

BBB, and AAA synthetic tranches encompass loan par values of $1000, $3000 and $6000 

respectively, a total loan par value of $10,000 for the 100 properties.  

 

Recall that a property is considered to default when its value falls below the original loan 

amount of $100. Each property default is considered as a $100 whole loan loss. The 

hypothetical CMBS portfolio credit loss model calculates the total CMBS credit losses in 

each period. The model keeps a running total of the remaining par value of each tranche, 

having deducted the credit loss allocated to the tranche in each period until it retires from 

the pool. The ratio of credit loss of the hypothetical CMBS tranche in each period to the 

tranche original par value is calculated, and will be referred to as “the credit loss ratio.” For each 

simulation trial, a pool credit loss schedule is created as shown in Table 9.  

 

 

Table 9: Credit Loss Schedule of a Hypothetical CMBS Portfolio 

Period Default Credit Loss/ Credit Loss/ Credit Loss/

t Value Par Value   $ Par Par Value $ Par Par Value $ Par

0 1000 3000 6000

1 0 1000 0.00 3000 0.00 6000 0.00

2 0 1000 0.00 3000 0.00 6000 0.00

3 0 1000 0.00 3000 0.00 6000 0.00

4 0 1000 0.00 3000 0.00 6000 0.00

5 0 900 0.00 3000 0.00 6000 0.00

6 0 900 0.10 3000 0.00 6000 0.00

7 0 900 0.00 3000 0.00 6000 0.00

8 0 900 0.00 3000 0.00 6000 0.00

9 0 900 0.00 3000 0.00 6000 0.00

10 0 900 0.00 3000 0.00 6000 0.00

11 0 900 0.00 3000 0.00 6000 0.00

12 100 800 0.00 3000 0.00 6000 0.00

13 0 700 0.00 3000 0.00 6000 0.00

14 0 600 0.00 3000 0.00 6000 0.00

15 700 500 0.30 2900 0.00 6000 0.00

16 400 200 0.30 2800 0.00 6000 0.00

17 500 0 0.20 2600 0.03 6000 0.00

18 0 0 0.00 2600 0.00 6000 0.00

19 100 0 0.00 2600 0.07 6000 0.00

20 100 0 0.10 2500 0.13 6000 0.00

Total 1900 1.00 0.23 0.00

B BBB AAA
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Chapter Four: Testing the Hedging Performance of  the 

Synthetic Product 

 

Chapter Four focuses on the mechanics and development of the proposed commercial 

property price index-based CMBS synthetic. This chapter presents the results from the 

hedge analysis of the proposed synthetic product. The two important simulation tests to 

perform are cash flow correlation between the synthetic tranche payoffs and the hypothetical 

CMBS tranche actual credit losses, and hedge ratio analysis. The cash flow correlation 

between the synthetic payoff and the hypothetical CMBS tranche actual credit loss would 

reveal whether or not the proposed synthetic product is an effective hedging tool. The hedge 

ratio would give us an understanding of the dollar amount of the property index-based 

synthetics an investor needs to purchase in order to hedge a dollar worth of his CMBS 

portfolio. In other words, the hedge ratio compares the value of synthetic contract purchases 

to the value of the CMBS portfolio being hedged.  

 

Through the simulation, the investor can also find the k that results in the highest expected 

cash flow correlation. In practice, an investor would most likely pick the k from a menu of 

different basis points. An investor would define the k differential that best matches the risk 

exposure and CMBS tranche composition in his particular portfolio. A liquid trading in the 

market may also fine-tune k through supply and demand. In this thesis, the stylized CMBS 

pool is simple enough to demonstrate the finding of k by the use of Monte Carlo simulation 

analysis. In our stylized CMBS pool model, kB is found to be 0.080, kBBB is 0.055, and kAAA is 

0.023. 

 

The Monte Carlo simulation facilitates our study as follows. In each simulation, the synthetic 

price process and payoffs, and the hypothetical CMBS portfolio price process and credit 

losses are tracked and recorded in a payoff schedule and credit loss schedule, respectively. 

We will refer to the number of simulation trials as “n”.  The payoff schedule and the credit 

loss schedule track the synthetic payoff ratio and the credit loss ratio in each of the 20 periods. 

Then we calculate a correlation between the two ratios for the 20 periods in each simulation. 

Monte Carlo simulation approximates the expectations of the correlation value with a simple 



 60 

arithmetic average of the correlations taken over n simulation trials to test and explore the 

hedging performance of the synthetic product. 

 

The synthetic product can be used as a hedging tool for investors with different horizons in 

mind. This thesis performs analyses for 3 horizons: a quarter period (“quarter-by-quarter”), a 5-

quarter period (“centered rolling 5-quarter average”), and a presumed five-year lifetime period 

(“lifetime”). These methods of analyses are employed in calculating the synthetic payoff ratios 

and the credit loss ratios. 

 

The quarter-by-quarter analysis is the most stringent test for hedge quality. It reflects how 

well each period is hedged. However, many investors may not need the hedge to work 

precisely in each quarter. They may be able to wait a bit to receive the covering 

compensation for a credit loss. In this case, a 5-quarter centered rolling average measure, 

which takes an average of 2 ½ quarters to receive the hedge covering compensation, might 

be a sufficient method of measure.  

 

The centered-rolling 5-quarter average analysis tests the hedging performance of the 

synthetic product with rolling averages from the 3rd quarter through the 18th quarter of the 

synthetic life. For example, for the 3rd quarter, the payoff ratio under this method is the 

average payoff ratio from the 1st quarter through the 5th quarter inclusive. The payoff ratio 

for the 4th quarter is the average payoff ratio from the 2nd quarter through the 6th quarter 

inclusive, and so on. The centered-rolling analysis is a less rigid measure compared to the 

quarter-by-quarter analysis, as it essentially tests the hedging performance of the synthetic 

product within a 5 consecutive quarters. It nevertheless is an important analysis because an 

investor may find it sufficient for the synthetic product to be able to hedge credit losses 

within a given 5-quarter period.  

 

The lifetime analysis calculates a correlation between the total payoff ratios and the total 

credit loss ratios over the presumed five-year lifetime of the synthetic for n simulations. 

Then an expected lifetime correlation is calculated by taking an average of the correlations 

over those n simulations. This lifetime analysis is an important analysis for an investor who 
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has a longer horizon hedge objective, to the extent that the user is content for the hedge to 

occur over the presumed five-year lifetime. 

 

Table 10: Correlation between Synthetic Payoff and Actual Credit Loss Per Notional Par Value 

 

As the correlation summary table shows, the synthetic provides higher correlation in the 

higher-rated tranches. As expected, the longer an investor’s hedge horizon is, the better the 

hedge in all the synthetic tranches. Therefore, an investor should be mindful of his hedge 

objective when testing the performance of the synthetic product. 

 

Q u a r t e r - b y - Q u a r t e r  C o r r e l a t i o n s  

 

This section presents in detail the simulation results of the quarter-by-quarter correlation 

between the synthetic payoff ratio and the credit loss ratio of the proposed property price 

index-based synthetic. This thesis uses Crystal Ball program as an engine to perform the 

Monte Carlo simulation. The program accumulates and tabulates the correlation results from 

each simulation into a histogram, as represented by the top bar graph in Figure 10. The 

cumulative probability distribution graph is also created after n simulations, as well as a 

statistics table of the correlation results. 

 

Figure 10 shows correlation results for the B synthetic tranche. The mean correlation is 0.55, 

the median is 0.61, and the standard deviation is 0.35. An important thing to note is that the 

simulation only counts the trials that involve some credit losses in the hypothetical CMBS 

tranche. In other words, the correlation evaluates how well each synthetic tranche hedges 

Mean Median Mean Median Mean Median

Period per Period 0.55 0.61 0.70 0.74 0.78 0.86

Centered Rolling 5-qtr Average 0.69 0.84 0.76 0.87 0.85 0.94

5-year Lifetime Period 0.76 - 0.90 - 0.94 -

B Tranche BBB Tranche AAA Tranche
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given some credit losses in that tranche; it excludes any simulation runs for those tranches 

that do not suffer any credit loss.  

 

As shown in Figures 11 and 12, the mean correlations for the BBB and AAA synthetic 

tranches are higher at 0.70 and 0.78, and the medians are also higher at 0.74 and 0.86, 

respectively. The standard deviation for the BBB and AAA synthetic tranches are 0.23 and 

0.24, respectively. Note that the number of trials for the AAA synthetic tranche is much 

lower than that for the B and BBB synthetic tranches. Because the AAA synthetic tranche is 

the most senior of the three tranches, the number of simulation trials when the AAA tranche 

does not suffer any credit losses is the highest.  

 

The correlations between the total payoff ratio and the total credit loss ratio throughout the 

presumed five-year lifetime are 0.75, 0.90, and 0.94 for the B, BBB, and AAA synthetic 

tranches, respectively. The results show, to the extent that the user is content for the hedge 

to occur over the presumed five-year lifetime, the synthetic provides substantial higher 

correlation, particularly in the higher-rated tranches. 

 

 

Figure 10: B Tranche Quarter-by-Quarter Correlation Simulation Results 
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Figure 11: BBB Tranche Quarter-by-Quarter Correlation Simulation Results 

 

 

Figure 12: AAA Tranche Quarter-by-Quarter Correlation Simulation Results 
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Q u a r t e r - b y - Q u a r t e r  H e d g e  R a t i o   

 

The hedge ratio defines the amount of synthetic notional value per dollar of actual exposure 

hedged. In our analysis, we calculate the hedge ratio as the hypothetical CMBS tranche credit 

loss divided by the synthetic payoff for each of the 20 periods over the five-year simulated 

life.  

 

By the use of Monte Carlo analysis, the synthetic payoffs and the credit losses are simulated 

across n simulation runs. Then, an expected synthetic payoff and an expected credit loss for 

each quarter are calculated by averaging the quarterly payoffs and credit losses, separately 

across the simulation runs. Finally, the hedge ratio is taken between the two averages, and 

this hedge ratio is reported for each quarter in the five-year life.  

 

By definition, the hedge ratio is higher than 1 in the periods when the credit loss exceeds the 

payoff, and less than 1 in the periods when the payoff exceeds the loss. A series of bar 

graphs on the left in Figure 13 show the average magnitude and timing of payoffs and credit 

losses. It is important to note that on average, the credit loss on the hypothetical CMBS 

tranche occurs before the synthetic tranche starts to payoff. There is a lag between the credit 

losses of a hypothetical CMBS portfolio and the synthetic payoff, which needs to be 

considered when an investor executes his hedging strategy.  

 

This lag causes the hedge ratio to be dynamic through its presumed lifetime, as shown in the 

series of bar graphs on the right in Figure 13. For the B and BBB synthetic tranches, the 

general dynamic of the hedge ratios is as follows. The hedge ratio in the first quarter is 1. 

Then it peaks extremely high in the 2nd quarter, drops dramatically in the next few quarters, 

until it becomes relatively stable but below 1 through the end of year 5. For the AAA 

synthetic tranches, the hedge ratio also starts at 1 in the first quarter. It peaks in the 2nd 

quarter, although much less dramatic than the B and BBB synthetic tranches. Then it drops 

exponentially through the end of year 5, staying above 1. 

 

The hedge ratio simulation results in this section demonstrate that an investor looking to 

hedge precisely in each quarter would need to adjust his position drastically in each quarter, 
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especially in the beginning periods of the synthetic life. However, if the investor were 

content with a lifetime hedge, a single hedge ratio may be sufficient. 

 

 

Table 11: Quarter-by-Quarter Hedge Ratio Analysis 

 

 

Period Synthetic Credit Hedge Synthetic Credit Hedge Synthetic Credit Hedge 

t Payoff Loss Ratio Payoff Loss Ratio Payoff Loss Ratio

1 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00

2 0.00 0.01 19.46 0.00 0.00 17.06 0.00 0.00 9.10

3 0.01 0.03 5.24 0.00 0.01 7.15 0.00 0.00 7.04

4 0.01 0.04 3.00 0.00 0.01 4.38 0.00 0.00 5.29

5 0.03 0.05 1.82 0.01 0.02 3.24 0.00 0.01 3.76

6 0.04 0.04 1.23 0.01 0.02 2.47 0.00 0.01 3.35

7 0.04 0.04 1.00 0.01 0.02 1.94 0.00 0.01 2.70

8 0.05 0.04 0.83 0.01 0.03 1.68 0.00 0.01 2.64

9 0.05 0.04 0.74 0.02 0.02 1.37 0.00 0.01 2.12

10 0.05 0.03 0.66 0.02 0.02 1.16 0.00 0.01 2.02

11 0.05 0.03 0.60 0.02 0.02 1.07 0.00 0.01 1.77

12 0.05 0.03 0.57 0.02 0.02 0.94 0.00 0.01 1.70

13 0.05 0.03 0.55 0.02 0.02 0.82 0.01 0.01 1.72

14 0.04 0.02 0.55 0.02 0.02 0.72 0.01 0.01 1.60

15 0.04 0.02 0.51 0.02 0.02 0.70 0.01 0.01 1.43

16 0.04 0.02 0.48 0.02 0.02 0.64 0.01 0.01 1.34

17 0.04 0.02 0.55 0.02 0.01 0.62 0.01 0.01 1.45

18 0.03 0.02 0.52 0.02 0.01 0.57 0.01 0.01 1.27

19 0.03 0.02 0.48 0.02 0.01 0.52 0.01 0.01 1.16

20 0.03 0.01 0.48 0.02 0.01 0.50 0.01 0.01 1.04

B BBB AAA 
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Figure 13: Quarter-by-Quarter Hedge Ratio  
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C e n t e r e d - R o l l i n g  5 - Q u a r t e r  A v e r a g e  C o r r e l a t i o n s   

  

The centered-rolling 5-quarter average correlations are, as expected, higher in all the 

synthetic tranches compared to the quarter-by-quarter analysis. The correlation means are 

0.69, 0.76, and 0.85, the correlation medians are 0.84, 0.87, and 0.94, and the standard 

deviations are 0.37, 0.29, and 0.22 for the B, BBB, and AAA tranches respectively. This 

shows that the synthetic product is an effective hedging tool over a 5-quarter time span. 

 

 

 

Figure 14: B Tranche Centered-Rolling 5-quarter Average Correlation Simulation Results
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Figure 15: BBB Tranche Centered-Rolling 5-quarter Average Correlation Simulation Results 

 

 

Figure 16: AAA Tranche Centered-Rolling 5-quarter Average Correlation Simulation Results 
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C e n t e r e d  R o l l i n g  5 - Q u a r t e r  A v e r a g e  H e d g e  R a t i o s   

 

The hedge ratio distribution of the centered rolling 5-quarter average analysis are similar to 

those of the quarter-by-quarter analysis, but much less dramatic and much more uniform: 

the hedge ratio is at its highest peak in the first period, and decreases exponentially at some 

rate until the end period for each of the tranches.  

 

As shown in Figure 17, there is a trend in the difference in magnitude and timing of the 

payoffs and credit losses between the tranches. For the B and BBB synthetic tranches, on 

average, the payoffs are short in hedging the high credit losses in the beginning, but 

overcompensate for the credit losses towards the end. On the other hand, the AAA 

synthetic tranche hedge ratio is greater than 1 in all periods, suggesting that the credit loss 

always exceeds the payoff.  

 

On average, the more senior the synthetic tranche is, the higher the hedge ratio. This means 

that a higher-rated synthetic tranche investor would need to purchase more notional value of 

the synthetic per dollar of exposure hedged, compared to a lower-rated synthetic tranche 

investor.  

 

The B synthetic tranche hedge ratio starts off the lowest among the tranches at about 2.5, 

and decreases exponentially through the presumed lifetime. Note that in the 7th quarter, the 

payoff is approximately equal to the credit losses and the hedge ratio is 1. The hedge ratios 

of the BBB and AAA synthetic tranches are relatively more dynamic, peaking at 

approximately 4.5 and 5.5 in the first quarter, respectively. The hedge ratios of both synthetic 

tranches decrease exponentially throughout the presumed lifetime. Note that the BBB 

synthetic tranche payoff catches up with the credit loss in the 12th quarter, much later than 

the B synthetic tranche does. In contrast to the hedge ratio of the B and BBB synthetic 

tranches, the hedge ratio of the AAA synthetic tranche never drops below 1.  
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Table 12: Centered Rolling 5-Quarter Average Hedge Ratio Analysis 

 

Period Synthetic Credit Hedge Synthetic Credit Hedge Synthetic Credit Hedge 

t Payoff Loss Ratio Payoff Loss Ratio Payoff Loss Ratio

1

2

3 0.01 0.03 2.59 0.00 0.01 4.34 0.00 0.00 5.48

4 0.02 0.04 1.95 0.00 0.02 3.16 0.00 0.00 4.84

5 0.03 0.04 1.54 0.01 0.02 2.69 0.00 0.01 4.17

6 0.04 0.05 1.20 0.01 0.02 2.16 0.00 0.01 3.63

7 0.05 0.05 1.00 0.01 0.02 1.84 0.00 0.01 3.31

8 0.05 0.04 0.82 0.01 0.02 1.56 0.00 0.01 2.95

9 0.05 0.04 0.71 0.02 0.02 1.41 0.00 0.01 2.77

10 0.05 0.03 0.65 0.02 0.02 1.26 0.00 0.01 2.51

11 0.05 0.03 0.57 0.02 0.02 1.15 0.00 0.01 2.34

12 0.05 0.03 0.54 0.02 0.02 1.04 0.00 0.01 2.19

13 0.05 0.03 0.59 0.02 0.02 0.94 0.00 0.01 2.03

14 0.05 0.02 0.50 0.02 0.02 0.88 0.00 0.01 1.86

15 0.04 0.02 0.51 0.02 0.02 0.84 0.00 0.01 1.77

16 0.04 0.02 0.53 0.02 0.02 0.79 0.00 0.01 1.69

17 0.04 0.02 0.52 0.02 0.02 0.79 0.01 0.01 1.56

18 0.03 0.02 0.52 0.02 0.02 0.73 0.01 0.01 1.50

19

20

B BBB AAA 
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Figure 17: Centered Rolling 5-Quarter Average Hedge Ratio 
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Conclusion 

 

This thesis has developed a methodology to structure a property price index-based synthetic 

contract to hedge a particular market exposure of a specific CMBS tranche in an investor’s 

portfolio. The proposed methodology would enable an investor to fine-tune the underlying 

risk of a CMBS portfolio based on specific geographic and property-type diversification by 

utilizing a customized set of commercial property price indices. Taking into account the 

idiosyncratic volatility of the individual properties underlying the CMBS portfolio, this thesis 

has developed a synthetic product whose payoff behavior approximately replicates the credit 

loss behavior of a referenced CMBS tranche.  

 

Through Monte Carlo simulation, the thesis explored the hedging performance of the 

synthetic product, considering both cash flow correlation and hedge ratio analyses. The 

results reveal that the correlation between the synthetic payoffs and the hypothetical CMBS 

tranche actual losses, that is, the effectiveness of the hedge, varies depending on the 

investor’s horizon or degree of temporal precision the investor seeks in the hedge. For 

example, cash flow correlations between the synthetic and the target CMBS tranche are 

much higher over the five-year presumed lifetime of the risk exposure than over any given 5-

quarter time span, and even lower at the completely contemporaneous quarter-by-quarter 

horizon. The longer the investor is willing to wait to receive the covering compensation for 

his credit loss, the higher the correlation would be, and the more effectively the synthetic can 

be used as a hedge. The hedge ratio must also be adjusted accordingly depending on the 

investor’s objective horizon, and the degree of precision of the hedge. For a lifetime hedge, a 

single hedge ratio may be sufficient. At the other extreme, for the completely 

contemporaneous quarter-by-quarter hedge, the hedge ratio is very dynamic throughout the 

life of the proposed synthetic, varying from a very high hedge ratio very early in the life of 

the risk exposure to a near unity later. The dynamic hedge ratios suggest that the investor 

buying the synthetics for hedging purposes would need to constantly rebalance his position, 

or would need a contract that has a varying hedging ratio.  
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The proposed property price index-based synthetic is particularly suitable for an investor 

with concentrated market exposure in their portfolio. The proposed synthetic could in 

principle be traded directly as a type of default swap contract. An investor would purchase 

notional contract value sufficient to approximately cover his position in the CMBS portfolio, 

as suggested by the hedge ratio analysis.  

 

To achieve trading liquidity, the methodology developed for the proposed synthetic needs to 

be highly transparent, and simple for the general market participants to understand. There 

may be supply/demand imbalances in some transactions because of the distinctly custom 

tailored exposure of the synthetic trades. This could limit an investor’s ability to enter or exit 

a trade on a timely basis or economically feasible level. Therefore, standardized 

documentation for the contracts will be exceedingly important to promote operational 

efficiency. With such need for simplicity, transparency, and standardization in mind, the 

methodology developed in this thesis is a stylized one.  It is designed to demonstrate a proof 

of concept at a basic level that a CMBS-inspired derivative synthetic structured from a set of 

commercial property price indices can closely hedge the default risk of a CMBS portfolio 

that is exposed to specific commercial real estate markets tracked by the indices. Further 

studies of this concept can incorporate a number of relevant variables such as property 

recovery rate, a more robust mean-reverting index path process, the effect of stochastic 

interest rates and property income triggers, as well as the risk-neutral dynamic for synthetic 

pricing. Some of the stylized assumptions of the CMBS subordination structure and the 

underlying mortgage pool model construction can also be relaxed to reflect a more complex 

and realistic actual CMBS issue. 

 

The possibility of utilizing commercial property price indices to structure equity index-based 

credit derivatives have many implications for the CMBS market. Methodologies such as the 

one we have demonstrated in this thesis will expand investment and hedging strategies for 

CMBS investors, facilitating access to the breadth and depth of existing real estate equity 

indices. As CMBS markets continue to evolve, and commercial property price indices 

continue to be developed, the credit derivatives market should play an instrumental role in 

efficiently facilitating an investor’s credit risk management and investment opportunities.  
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