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Abstract 

 

Low down payment mortgages were prevalent before the financial crisis, slowed down during the financial 

crisis, but have reemerged since the financial crisis. The Federal Housing Administration has a history of 

insuring 3% down payment mortgages to assist lower- and middle-income household in purchasing a home, 

but Fannie Mae and Freddie Mac have recently introduced 3% (and lower) down payment programs. In 

addition, mortgage innovation in the form of the “wealth building mortgage” with potentially 100% loan-to-

value (LTV) ratio. 

 

I this paper, we examine the performance of low down payment (or high LTV) lending.  We find that low 

initial down payment mortgages are significantly more likely to become seriously delinquent (90 days or 

more) than mortgages with traditional down payments of 20 percent or more. 
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I. Introduction 

 The research reported in this paper is meant to help understand how the financial crisis of 2007 to 

2009 occurred so quickly and became so deep. Within 2 years after the beginning of the bursting of the 

housing price bubble in approximately April 2006, national house prices had fallen by about 18 percent.1 

Even more dramatic, by mid-March 2007, the subprime mortgage market in the U.S. had virtually collapsed. 

Many subprime monoline firms had either been sold or filed for bankruptcy. As further evidence of collapse, 

the ABX-HE-BBB index, an index represented by a basket of 20 credit default swaps (CDS) referencing 

U.S. subprime home equity mortgage-backed securities of rating BBB, had declined from 100.1 on 

September 12, 2006 to 76.8 by mid-March 2007 and down to 26 by November 2007. This latter depreciation 

represents a 74 percent increase in the cost of a CDS, equivalently the cost of default insurance, on these 

securities.  

Our study looks at the causes of this collapse in terms of the delinquency and default experience of 

subprime, Alt-A and prime mortgages. It is recognized that not all high risk mortgage loans, even those 

where property values have fallen below the outstanding balance of the mortgage, will become delinquent 

and/or default. However, there are loan and borrower characteristics that are strong and consistent indicators 

of loans most likely to move into some stage of delinquency. The study develops proxies of loan and 

borrower factors taking into consideration the economic characteristics of the county-level housing markets, 

such as the typical borrowers’ cash flow status2 and employment and housing price changes based on the 

Case-Shiller house price index. Taking into consideration local housing market characteristics addresses the 

question of why there occurred so many severe delinquencies and defaults during a period of no recession 

 
1 Case-Shiller House Price Index, Standard and Poors. Corporation, 2012. 
2 Borrowers who report that they are occupants of their properties represent 93 percent of the sample, and so, local employment 

growth will be a good proxy for the borrowers’ ability-to-pay status. 
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and a high rate of employment.3 To do this it is recognized that borrowers’ willingness to pay their mortgage 

obligations depends largely on their desire to be a home owner rather than an investor in a residential 

property. To capture this desire, variables from the Loan Performance database on loan and borrower 

characteristics at the time of loan origination are used. Many borrowers and particularly those borrowing to 

invest/speculate in residential property were highly leveraged and entered into loans with 2-year or 3-year 

adjustable ARMs and interest only payments with negative amortization.  For these borrowers, any 

slowdown in house price appreciation or a fall in house prices would encourage them more than other 

borrowers to sell or, if that were not possible, to default on the mortgage. As we find from our analysis using 

187 million loan observations, borrowers with loans of these characteristics are by far the most likely to 

default over the 2000 to 2008 period. 

 Our results also provide a methodology to evaluate loan modification programs, such as HAMP, that 

adjust interest payments and extend maturity so as to reduce house buyer monthly payments so that they 

might avoid foreclosure and “keep their home.” Since these borrowers are in various states of delinquency 

and with mortgage values in excess of the value of the house, foreclosure is usually imminent and an 

adjustment is necessary to avoid it. The question, which our study directly addresses, is what is the 

likelihood over the next 12 months after modification that the borrower will be in sufficient delinquency to 

cause default and foreclosure again? The study develops a model of individual mortgage debt valuation and 

uses this model as a guide for empirical estimation and choice of variables explaining delinquency and 

default with data based on borrowers and mortgages from the Loan Performance database.4 These data sets 

contain the underlying mortgage loans for numerous private label security deals like Collateralized Debt 

Obligations (CDO), Collateralized Mortgage Obligations (CMO) and Asset-Backed Securities (ABS) that 

 
3 The National Bureau of Economic Research (NBER) designated the beginning of the 2007-2009 recession as of December (Q4) 

2007 and its ending in June (Q2) 2009. 
4 The Loan Performance database is from First American CoreLogic. 
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we generally refer to as mortgage-backed securities, MBS. A pool within each deal is a group of mortgages 

whose payments generate the income for a security within that deal.  

Since the value of any MBS depends on the value of the individual mortgage loans in the pool 

supporting the security, better valuation of individual mortgages can provide investors with better estimates 

of the value of the security. This is a bottom-up approach to estimating the value of a MBS along with the 

various subordination classes specifying the structure of a CMO or REMIC from a mortgage pool. Once 

these models are estimated, the implied likelihood of each payment status change to a more severe 

delinquency state for each mortgage in each security pool can be computed. Projections can be made of the 

rate that mortgages move to more severe delinquencies or toward less severe delinquency and recovery 

states given the local economic and housing market characteristics. As suggested by anecdotal information, 

the lax underwriting standards employed by originators over the 2000 to 2007 origination period would 

allow for more borrowers with substandard credit quality having more severe delinquencies. For example, 

the mean FICO score for all originations in our sample since 2000 is 617 which is below the minimum level 

then considered to be a good FICO score of 620 (more recently raised to 680).  

This study develops a cross-section and time-series analysis of payment status changes for residential 

subprime, Alt-A and Prime mortgages for 2000 to 2007 origination years. These mortgage contracts are 

followed on a monthly basis from their originations through 2008. As described more fully below, the 

hypotheses tested represent the effects of loan and borrower level characteristics and county-level housing 

market factors, such as employment growth, housing price changes and their volatilities, market level 

mortgage liquidity support and interest rate spreads, and security pool interest rates paid on its underlying 

mortgages and its market prices regressed on the payment status changes. In summary, we find that loan and 

borrower level characteristics such as the original loan-to-value ratio, the presence of no documentation for 

the borrower, and FICO score at origination are highly statistically significant and economically important in 

explaining the mortgage payment status through 2007 origination dates (vintages). In-sample and out-of-
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sample classification tests are used to support goodness of fit measures  and estimation robustness tests with 

80 million loan observations. 

To better understand the magnitude of the variable changes on the probability of default, marginal 

and incremental effects are estimated for variables of interest. One question that is of interest in 2013 that 

can be directly addressed by our marginal effects analysis is to what extent foreclosure can be avoided or 

reversed by lenders providing mortgage principal reductions. Our estimates show directly that an 11.4 

percentage point reduction in LTV for borrowers severely delinquent would reduce the likelihood of 

foreclosure compared to a natural improvement by 26 percentage points to a 74 percent likelihood of 

foreclosure. This means that there would be only a small reduction in the probability of a borrower moving 

to foreclosure compared to the borrower moving to foreclosure if the LTV were not reduced. This result 

suggests a statistically significant probability of reduced foreclosure, but only at a small fraction compared 

to the movement that would take place without a principal reduction policy. From our results, we conclude 

that principal reduction schemes such as those proposed to bolster the HAMP program will lead only to a 

postponement of default or a re-default in 12 months after modification.  

 The paper proceeds with the development of a model of individual mortgage valuation to better 

specify the factors that are the most likely to affect the decision by a borrower to default on a mortgage. The 

next section develops the empirical model and the estimation process. The fourth section discusses the 

results of the ordered logistic model estimates and the trends of these from 2000 to 2008. In-sample and out-

of-sample classification tests support the robustness of the models’ estimates. To better assess the economic 

impact of each variable on the likelihood of moving from a current payment status to a foreclosure, marginal 

contribution tests are performed and confirm that the substantial contribution of LTV, no documentation, 

house price rates of change and employment growth are economically and statistically important variables in 

the house buyer default decision process. The final section concludes with an analysis of the contribution of 

our results to an understanding of the root causes of the financial crisis of 2007-2009. Our results also allow 
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for an analysis of policy perspectives of mitigating mortgage defaults so that mortgages have fewer 

delinquencies, identification of the most important factors that will need to change in order to currently 

reduce the trend toward more severe payment delinquencies and ultimately mortgage defaults and 

foreclosures, and contribute to policies that can reduce the lack of transparency particularly in the private-

label mortgage-backed securities market. 

 

 

II. Valuation of Default Risky Debt 

 The model that we use as a guide in valuing mortgage debt is that of Merton (1974) and Black and 

Cox (1973), MBC, to value corporate debt and the derived risk neutral probability of default. In our study 

this model is employed to value the mortgage debt, with the real estate property being the underlying asset in 

the option, and derive the risk neutral probability of insolvency or default. In this regard, we follow the 

application of the MBC model to residential mortgages as developed by Hendershott and Van Order (1987) 

and Giliberto and Ling (1992), and a similar model for commercial mortgages by Titman and Torous (1989).  

In general, the value of default risky debt can be thought of as the present value of the cash flow 

stream of the debt if it were default risk free less the value of an option held by the borrower to put the 

underlying asset to the lender if the borrower cannot or is unwilling to continue paying on the debt. If this 

happens, the borrower defaults on the debt obligation. As developed, the likelihood of these occurring 

increases as the value of the underlying property falls toward or below the default free value of the debt 

owed by the borrower. In our case this is the remaining balance of the mortgage. 

Let Lt be the value of risky debt at time t and is defined for a zero coupon debt as: 

( ) ( ) tft pRBRBL −−=−=  expexp        (1) 

 

where, R is the default risky discount rate, Rf is the risk free discount rate, Bexp(-Rτ) is the present value of 

the default risky debt that is represented without any default risk, τ is the time to maturity, and pt is the value 
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of the put option that the lenders give the borrowers on the underlying asset at a strike price of the debt 

owed, B. In the MBC model the debt is considered to be zero coupon debt, an assumption that will be 

relaxed in applying the model to residential mortgages. In our case the underlying asset is the residential 

property placed as collateral for the loan and is valued at Vt.   

The put option is the option held by the borrower to put the underlying property to the lender. In 

terms of the MBC continuous time model, the put option can be expressed as: 

 

( ) ( ) ( )12exp dNVdNRBp tft −−−−=         (2) 

 

where: 

( )  VVf
t R
B

V
d 








++







= 2

1 5.0ln  and Vdd −= 12      (3) 

 

The value of the default risky mortgage debt can be restated by substitution of (2) into (1) and collecting 

terms: 

 

( ) ( ) ( )12exp dNVdNRBL tft −+−=          (4) 

 

 From (4) and (3) the value of the default risky debt will increase as the value of the underlying 

property increases relative to the debt owed (Vt/B) and as the volatility of the underlying rate of change in 

the value of the property (σV) decreases (see (1) where the put option value will rise with the increase in 

property value volatility). In this model, borrower insolvency occurs when the value of the underlying asset 

falls below the promised value of the debt at any time. However, lesser housing price volatility can forestall 

this from occurring and can deter a borrower defaulting on the loan, i.e., giving over the property to the 

lender or entering into foreclosure (an involuntary put-back of the property to the lender) or a short-sale. 
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II.A. Risk Neutral Probability of Default for Default Risky Borrowers 

 In the MBC model, the risk neutral probability of default is given by N(-d2).
5 More specifically from 

(3): 

( ) ( )( )  VVft RBVd 2

2 5.0)ln(ln −+−=        (5) 

 

Hull (2007) points out that this value is also the number of standard deviations that the underlying asset 

value must change for it to fall below B and trigger a default.6 The smaller is d2, the more likely the 

borrower is to default. By assuming that V is log-normally distributed, as above, the risk neutral probability 

of insolvency or, in the terminology of Moody’s KMV, of default is: 
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 This simple model identifies the principal factors in the valuation of default risky debt and the risk 

neutral likelihood of default.7 These are B/Vt (the loan-to-value ratio), σV, asset volatility, and , the time to 

expiration which could be considered the holding period of the borrower and /or time to interest rate reset for 

adjustable rate mortgages (ARMs), the level of the risk-free interest rate, usually the 10-year Treasury bond 

rate for mortgages. The greater the LTV or the volatility, the greater the risk neutral probability of default. 

However some of these factors are not fully identified. For example, any impairment of the ability of the 

borrower to pay interest and principal can be considered to increase the uncertainty of the cash flow from the 

 
5 Hull (2007) p. 270-272 and Hull (2000) p. 630-632. 
6 This value is also known as the distance to default as used by Moody’s KMV. 
7 An example illuminates the sensitivity of the risk neutral probability to LTV changes. Take the case of an outstanding loan 

balance of $250,000 and a house value of $150,000 (typical in Las Vegas). The LTV is 1.7. Using an interest rate of 6.0 percent, 

an annual standard deviation of house price returns of 13.3 percent (the annual volatility of the Case-Shiller 20-Metropolitan area 

composite index), and a time to expiration of 1 year, the risk neutral probability of default is 99 percent – a practical certainty of 

default. An at-the-money option – a 100 percent LTV -- would have a risk neutral probability of default of 35.1 percent. Thus, the 

100 percent LTV subprime loans commonly made during the house price boom period started out with a very good chance of 

defaulting. In contrast, an 80 percent LTV has only a 2 percent risk neutral probability of default. This would fall to 0.8 percent 

for a 30-year expiration period. 
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borrower, the asset value and increase the likelihood of default/delinquency. However, if the market value of 

the real estate exceeds what is owed on the debt, the borrower can simply sell the property and payoff the 

loan. The borrower does not default and the lender is made whole just as in any mortgage prepayment. Thus, 

the inability of the borrower to pay on the mortgage is an important factor in possible default only when the 

value of the property falls to near or below the value of the outstanding debt (i.e., the optionality of the 

model). For example, the value of residential real estate properties in Las Vegas at the end of 2010 had 

fallen so far that many were about one-half of what was owed yielding a LTV of 2.0 and a computed risk 

neutral likelihood of default of near certainty. Even house buyers who had incomes sufficient to keep paying 

on their mortgages might consider a “strategic default” under these conditions. This suggests that loan 

defaults are going to be substantially affected by falling housing prices and rising loan-to-value ratios 

(falling Vt/B and rising ln(B)-ln(Vt)) as well as by factors that affect households’ ability to repay, such as 

declining employment and rising unemployment. We will explore alternative economic and demographic 

factors more fully when the empirical default model is specified. 

       II.B. Interpretation and Relaxation of the Assumptions of the MBC Model Parameters 

1. The Value of Debt Owed, B 

 The value of the debt outstanding, Bt, needs a more precise definition in the application of the MBC 

model to value mortgages. In the MBC model as initially developed, debt was considered to be a zero 

coupon bond with a single maturity date with the option to exercise only at the due date of the debt 

(European option) – either it was repaid, renewed or defaulted with the asset put to the lenders. In contrast, a 

mortgage consists of cash flows where, normally, principal and interest are paid monthly based on either a 

fixed or adjustable rate.8 For fixed rate mortgages, the payments stream represents an annuity until the 

maturity of the mortgage, T, and with prepayment and default options. The certain payment value if the 

 
8 ARM contracts come in an overwhelming variety with such features as interest only, negative amortization or teaser rates 

interest only (option-ARMs). In the empirical estimation we will try to account for these differences with information about the 

payment type for the mortgages as reported in the Loan Performance data. 
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mortgage pays to maturity is the discounted values of these cash flows discounted by the risk-free rate for a 

term equal to the remaining maturity. However, if the house is sold or the mortgage refinanced, the amount 

of the debt owed is the outstanding principle plus accrued interest. Thus if a borrower defaults, the value of 

the mortgage that is owed is the same as would be paid off if the borrower refinanced the mortgage. For the 

mortgage model, then, it is this value that we assign to Bt for each month, t, since payments of principal are 

made along with interest. An exception to this approach is for mortgages with an interest-only period. In this 

case B either remains constant over this period or increases if it is a negative amortization loan. In either 

case, B will change in a defined and systematic way with time. 

 From a different perspective, the borrower is committed to paying each period a contracted amount 

of interest and principal. For most of the time to maturity, this amount is considerably less than the 

outstanding principal. If the borrower cannot meet these obligations, the loan is considered delinquent and 

the lender can declare it in default (usually not sooner than 90 days into delinquency). At this stage, the 

lender can file to repossess the property and put it up for sale or hold it in OREO (Other Real Estate Owned). 

So that the obligation committed to by the borrower to make monthly payments encourages them to evaluate 

the value of the property to them relative to what they owe on the mortgage, Bt, or the outstanding balance. 

So the value of the outstanding balance of the debt is considered as the strike price of the put option in (1) 

and (2) above at the beginning of each month. A lender can place a borrower in default, thus calling the loan, 

because of the violation of payment on time and in full. When this is done by a lender, a workout of the loan 

with the borrower is possible or a sale of the property will be attempted when profitable to the lender.  

2. Home Owner’s Housing Consumption Value and Psychic Income from Ownership 

 Influencing the choice of when to put the property back to the lender if the market value of the 

property is less than the debt value as defined above, is the willingness of the borrower to make the 

mortgage payments. A borrower has an incentive to pay the mortgage because the household receives a 

consumption value from residing in the house over and above the market value of the property. This periodic 
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consumption value needs to be added to the market value of the house at each period in the life of the loan.9 

This adjustment has no effect on the likelihood of prepayment for refinancing or its timing, but does affect 

how far property values must decline to trigger default: the asset values must fall below the psychic value 

derived from home ownership plus the outstanding debt value. We treat this factor as more than simply an 

implied rental rate since it includes the value to the borrower of homeownership. In our empirical analysis, 

we will try to capture this psychic income from homeownership and the ability of the borrower to pay the 

mortgage by a variable that measures the presence (or absence) of loan documentation. The reasoning for 

this variable will be discussed more fully in the empirical section below. 

 The effect of including the psychic income from the ownership of the house is to account for the fact 

that many borrowers will continue to pay on a mortgage when the market value of the property is less than 

what is owed on the mortgage. In a reasonably competitive housing market, homeowners could give over 

their home to the lender when the market value is less than the debt owed and rent a similar property, 

allowing them to get the same consumption value. If they do not and assuming rationality on the part of 

homeowners, the psychic value from homeownership is positive. This means that the rational mortgage 

borrower will be willing, if they have the sufficient resources, to continue in what would be an unfavorable 

out-of-the-money mortgage. It also helps explain the behavior of borrowers, with little or no homeownership 

pride, who are willing to default as soon as the market value of the property can be reasonably expected to 

fall below the amount of the debt owed. The implication is that borrowers acquiring property for speculative 

or investment purposes would either try to sell the property quickly or default more often as property values 

fall near or below the outstanding mortgage. We will argue below that the absence of loan documentation, if 

 
9 Hendershott and Van Order (1987, p.40) term the consumption value a service flow and treat it as a dividend in their mortgage 

default model. We will treat this consumption value as an addition to the asset value when considering default. The reason this is 

more appropriate is because the household may adjust the consumption value depending on their desire to be a homeowner. In 

other words, if the market value of the house is falling, the household may simply adjust the value to at least be equal to the 

mortgage balance so that it convinces itself of the consumption value of the house. It may only be when this adjustment becomes 

unrealistic will the household consider selling or defaulting. See also Shiller (2008) for the distinction between consumption and 

investment value of residential property. 
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the house is expected to be owner occupied, or whether the house is a single family detached or townhouse 

are important factors in helping to account for these various types of borrowers. 

 Based on this discussion, we assume that borrowers will set a threshold on the market value of the 

property such that if it is less than the threshold the borrower will give over the property to the lender. The 

threshold property market value, V*, will encompass the psychic income from ownership, PSI, and the value 

of the debt owed. The threshold can be stated as: 

 ttt PSIBV −=*
          (7) 

For speculators and investors, PSI is zero. This analysis also helps explain the effect on borrowers with 

mortgages that were originated, say one year before a housing price peak, would have to experience greater 

declines in housing values from the peak before defaulting than for mortgages originated at or near the peak 

because for a similar property with the same LTV, since it has higher debt value, but the same PSI. The 

implication is that mortgages originated at or near a housing peak may default more rapidly as housing 

prices fall than mortgages originated one year prior to the peak when housing prices were still rising. 

Explicit recognition of psychic income of home ownership also helps confirm that as a long as the borrower 

has sufficient cash flow, those with greater psychic income will be willing to withstand greater housing price 

declines than those with little or no attachment to the property except as an investment before defaulting. 

 

 3. Other Factors Influencing Mortgage Default 

Other factors are thought to be important in determining default on a mortgage. Bartlett (1994) identifies 

the following: 

1. Borrower employment status, 

2. Loan purpose such as a mortgage for purchase of the property of a refinance, 

3. Property type such as single-family detached, townhouse or condominium, 

4. Loan type such as a 30-year fixed rate mortgage or an ARM or reduced payment loan, 

5. Loan seasoning, 
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6. Absolute loan size with large loans being associated with properties with greater value 

variability, 

7. Loan documentation ranging from full documentation to no documentation indicates the 

quality of the underwriting, and 

8. Presence of a second mortgage. 

 

Empirical proxies for these factors in many cases are present in the Loan Performance database that we use 

and from other county-level data (Table 1 shows the variables used in the study). 

Following Demyanyk and Van Hemert (2007), “there is a large literature studying the determinants 

of mortgage delinquencies and foreclosures, dating back to at least von Furstenberg and Green (1974).” Two 

of the more recent studies include Cutts and van Order (2005) and Pennington-Cross and Chomsisengphet 

(2007).10 To the best of our knowledge, we are the first to study the effects of a number of determinants 

contributing to the changes in mortgage performance that lead to high delinquency and default rates or 

recoveries for 2000 to 2007 vintages of subprime, Alt-A and Prime mortgages within security pools. 

Preliminary analysis shows a trend in the delinquency and foreclosure rate from 2003 to 2008 vintage 

mortgages, after accounting for different loan characteristics, borrower characteristics, house price 

appreciation and employment growth. This is consistent with the trend found by Demyanyk and Van Hemert 

(2007) for 2001 to 2006 vintages using the Loan Performance data. They also found that 2006 vintage loans 

had the highest rate of delinquency and foreclosure of any other vintage at ages up to 16 months with 2005 

vintages in second place. Finally, we project payment status changes for each origination year with a random 

25 percent of the sample not used for estimation. In this way we can assess the accuracy of this model for 

both in-sample and out-of-sample projections.11 

 
10 Deng, Quigley, and Van Order (2000) discuss the simultaneity of the mortgage prepayment and default option. Campbell and 

Cocco (2003) and Van Hemert (2007) discuss mortgage choice over the life cycle. 

 
11

 As a final step in the analysis or our results, we intend to project default rates to 2008 using reported 2007 model of 

delinquencies and defaults and changes in other factors using the 2007 vintage parameter estimates. If 2008 vintage mortgages 

were made under weaker lending standards then our projections should show smaller delinquency and default rates than observed 

for 2009. If lending standards were more stringent, then our projections will show greater delinquency and default rates than are 

observed for 2008. In this way we can assess whether the financial crisis that began in 2007 had any impact on lending standards 

for the next 2 years compared with those established in the boom years. 
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III. Data Sources, Variables and Empirical Estimation 

A. Data 

The residential real estate data used in this sample comes from LoanPerformance that was continuously 

collected monthly since 200012. It has monthly mortgage loan data for subprime, Alt-A and some prime 

loans. The period that we investigate in this study is 2000 – 2008 with vintages of 2000-2007 and use data 

from the Asset-Backed Security portion of this data base. These origination dates constitute the period of the 

boom in originations and housing prices and the subsequent fall in prices through 2008. We examine the 

factors that contribute to mortgage loan delinquencies and recoveries. These data contain the mortgage loans 

that are the collateral base for one or multiple tranches of these securities (MBS) used in this study. The 

sample contains slightly over 8000 securitization deals with about 222 million mortgages as the collateral 

assets. Figure 1 shows the number of these security deals and the average number of mortgage relative to the 

deals over the 2000-2007 period. The loan level data contain financial attributes of the mortgage loan as well 

as other attributes, such as the property geographic information.  

The data used here is at the individual mortgage level on a monthly basis from Loan Performance. 

The other data, such as the Case-Shiller house price indexes and county employment are from Moody’s 

Economy.com. These data are collected at the county level. Lastly, to account for the volume of flowing to 

the mortgage markets, the net change in national mortgage funding variable comes from Table F.217 of the 

Flow of Funds Accounts by the Federal Reserve Board of Governors.  

Every mortgage loan in a vintage is tracked through time until it is either paid off or the ending date of 

the sample is reached, December 2008.  

 
12 This LoanPerformance data set contains non-Agency Mortgage- and Asset-backed securities, and the mortgage loans that 

support it. This data set is from First American CoreLogic. 
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B. Empirical Model 

1. Estimation Methodology   

The model used for estimation relates mortgage payment status changes, as defined below, to concurrent 

and lagged characteristics of the loan, associated borrower, mortgage market, and market interest rate spread 

characteristics.  Formally the model is: 

 

Payment Status Change = f(Loan and Borrower characteristics,             (8) 

 Market Spread characteristics, Mortgage Market characteristics,)  

 

Since a borrower’s payment status change is either one of three possibilities – more severe delinquency, no 

change in delinquency status, or recovery from or improvement in a delinquent status, the estimating 

procedure should take this into account. It is important to realize that the estimation model is able to evaluate 

the transition matrix of payment status changes through each of these possibilities. The status transition 

between the same or different payment status levels can be directly identified in the estimation model.  For 

example, using an ordered logistic regression structure we can estimate the transition likelihood for a 

borrower whose lagged status is delinquent 89 days or less to the current period where they have no change 

in their status. Moreover, the transition likelihood is different for a borrower with any lagged and current 

status transition. To capture a borrower’s transition through these status changes with the order based on a 

borrower’s delinquency status, this study uses an ordered logistic estimating procedure which assumes that 

the dependent variable belongs to any of the changes and that there is an index variable that is logistically 

distributed (see Curry, Fissel and Hanweck, 2008 for an example of this approach for bank holding company 

risk ratings). Estimating our model with ordered logistic regression procedure gives estimated parameters 

that can be used to predict the transition of a borrower through changes in their payment states and the 

probabilities associated with each transition. The estimating methodology will allow the estimation of the 
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likelihood of a borrower changing payment status. For example, a borrower starting 30-days past-due within 

one month can move to current or to 60-days past due where these hypothetical scenarios would result in 

recovery or becoming more seriously delinquent. 

 Table 1 provides independent variable definitions and separates them into three categories, 

respectively. First, we identify unique aspects of the mortgage loans and borrowers. Second, we examine the 

market spreads in the economy. Third, we look at distinct mortgage market characteristics. 

 

2. Loan and Borrower Characteristics 

 We use ten dummy and three continuous variables to identify different types of mortgage loans and 

borrowers in the sample. The lagged delinquency status of the borrowers is the first set of variables that are 

used to predict their change in payment status. Identifying the previous payment status of borrowers is useful 

in determining their current status change. Given the three lagged status conditions used in the regression, 

the fourth excluded condition is the non-delinquent status.  We expect that the more severe a delinquency, 

the more likely the loan will worsen in its delinquency status. 

 The Alt-A and Subprime loan designations, FLAG_ALT_A and FLAG_BC, are assigned by 

LoanPerformance. We expect that Alt-A and subprime mortgage loans would have greater likelihoods of 

experiencing more severe delinquencies relative to Prime designations, with positive estimated coefficients. 

The payment structure of the mortgage loan is captured by the Adjustable Rate Mortgage (ARM) flag. Loans 

that are ARMs are designated as a binary variable, FLAG_ARM. Our hypothesis is that ARM mortgages are 

more likely to experience more severe delinquencies because the rates will usually reset much higher for 

subprime and Alt-A loans and the greater the servicing burden the borrower will have to bear. 

 The discussion above with regard to the psychic income from homeownership has two proxies –  the 

type of documentation the borrower was required to supply, FLAG_DOC, and whether the house is intended 

to be owner occupied, FLAG_OCCUPANCY. Borrowers that supplied little documentation and did not 
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intend to live in the house were likely those more willing to sell the house as soon as it became profitable 

and had little attachment to the property or derived little psychic income. The hypothesis is that borrowers 

are more likely to have more severe delinquencies if they supplied little or no documentation and did not 

intend to be occupants. We also attempt to control for the type of property – a single family detached or 

townhouse (PROP_SF_TH) and condominium (CONDO). We expect that the single family or townhouse 

would be negatively related to the likelihood of more severe delinquencies and that the condominium 

property would be positive. Single family and townhouse properties would be less likely to have more 

severe delinquencies because of the greater resources initially required to own one of these properties. 

Condominiums are more likely to be bought as investment properties, and so more severe delinquencies 

would be more likely for them.  

 We control for the initial rate of interest, actually the coupon, on the mortgage (INIT_RATE).  The 

initial interest rate variable may have two interpretations. The higher the initial rate the greater the risk of 

more severe delinquencies expected by the lender. From this interpretation, high rates indicate riskier loans 

that should lead to higher delinquency severities. An alternative interpretation is that a higher initial rate 

means that the borrower is not getting a “teaser” rate that will adjust later on and the lender and borrower are 

more confident that the borrower can make the payments at the high rate. This interpretation implies that 

higher rates are associated with borrowers that are able to make payments and have a lesser likelihood of 

more severe delinquencies. We maintain the former interpretation. 

 To capture the credit quality of the borrower, we use the FICO score at origination, FICO, which is 

reported by the lender. We expect that higher FICO scores signify borrowers less likely to have more severe 

delinquency payment status changes.  

 The combined loan-to-value ratio (COMB_LTV) is the combination of the original loan and any 

senior liens known to the lender divided by the appraised property value at origination. The loan balance that 

is used is the mortgage balance including any second mortgages or any take-downs on home equity lines of 
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credit made at the time of origination and reported in each period. We expect the variable to be positively 

related to more severe delinquencies.13 

3. Market Interest Rate Spreads 

We use two variables to explain the interest rate spreads in the economy at each period over the life 

of a mortgage. The first is a measure of the term structure as estimated by the difference between ten and 

one year constant maturity Treasury bonds, YLDDIFF10Y_1Y. Since steeper yield curves are associated 

with healthier economic conditions, this yield curve spread is assumed to be negatively related to the 

likelihood of borrowers having a more severe delinquency on their mortgage contracts. The second spread is 

the difference between BAA and AAA corporate bonds to indicate the financial market’s willingness to hold 

risk. We believe that a reduced willingness to hold risk will mean that this spread is larger (i.e., the 

perceived riskiness of BAA rated securities are larger than AAA rated securities), and so we hypothesize 

that there is a positive relationship between this spread and the likelihood of having a more severe 

delinquency. 

 

4. Mortgage Market Characteristics 

The mortgage market characteristics include five variables that cover the demand, sales price  and 

liquidity aspects of the residential housing markets. First, we use house price indexes from Case-Shiller that 

collects their house prices from more highly populated areas. The annual Case-Shiller residential house price 

index change is constructed to measure annual residential housing price changes at the county level. It is 

designated by CS_RESHPRC_LN12DIFF and it is negatively related to more severe delinquency status 

changes because increases in housing prices are disincentives to being delinquent and defaulting on 

mortgage payments. Second, the standard deviation of housing price changes, SIGMA_CS, over the sample 

 
13 The distance-to-default measurement (Merton, 1974; Black and Cox, 1973) was used, but it did not significantly add any 

explanatory power to the regression so it was removed for the final analysis. 
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period shows the actual volatility in these annual house price changes. From an investor’s perspective, house 

price volatility brings uncertainty to the expected value residential property. The put option that borrowers 

hold with a mortgage, as discussed above, shows that higher house price volatilities causes greater 

likelihoods defaults on mortgage contracts (see equation 4 and 6). These annual housing price volatilities are 

assumed to be positively related to mortgages that are likely to have more severe delinquencies, especially to 

those lenders where the property is considered an investment by the borrower.   

The mortgage market funds flows, as tracked by the Federal Reserve in the Flow of Funds Accounts, 

are the net movements of money in and out of the mortgage market, NETCHG_MTGQR. These market 

flows represent the funding that is potentially available for mortgages and we believe that it is negatively 

related to the likelihood of more severe delinquencies as these flows occur to support mortgage growth. The 

fourth and fifth mortgage market variables are annual county level employment changes, 

EMPLOYMENT_L12LNCHG, and personal income changes, PI_LN12DIFF, respectively. These variables 

jointly represent demand side factors of the mortgage market. They identify resources that mortgagees use to 

purchase and service their new and existing mortgages. It is negatively related to the likelihood of having 

more severe delinquencies. 

 

 

C. RESULTS 

1. Dependent Variable Sections 

Table 1 shows the sample statistics for the explanatory variables in the model over the 2000-2008 

periods. The mean values show that over 90 percent of the mortgage loans are labeled as either Subprime or 

Alt-A. The FICO score value is consistent with this because its mean value is in the mid-600s which is a 

little above the values indicating a subprime borrower. In addition, about one-half of this sample has ARM 

and/or no documentation loans. These variables moved over this sample period, as Figures 2 and 3 
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demonstrate. Additionally, the loan and borrower as well as mortgage market variables, respectively, are 

tracked over the sample period. Figure 2 shows loan and borrower characteristics at mortgage origination.. 

The proportion of subprime loans in the sample begins at a mean of 80 percent in 2000 and drops to 

approximately 50 percent by 2008, while the Alt-A loans increase from 15 percent to 45 percent over the 

sample period. The no documentation portion of the sample continuously rose and it leveled off at 55 

percent by the end of 2008, while the ARM sample segment peaked at 60 percent in early 2006 and fell 

moderately thereafter. Figure 3 shows that the average house price and employment annual changes abruptly 

decrease in the latter part of the sample period. The last 3 origination years include periods where significant 

portions of the samples occur during the time period when the United States’ economy experienced 

recession.14  

Table 2 presents the frequency weighted mean values for each segment of the delinquency status 

change – (1) movement toward a more severe delinquency, (2) no delinquency status change, and (3) 

recovery in delinquency status. This table shows the sample characteristics of each variable and tests for 

each variable whether the recovery in delinquency mean value is statistically different from the movement to 

a more severe delinquency mean value. Referring to the variables in the more severe and recovery in 

delinquency groups and examining how their differences compare to the expected estimated coefficient 

signs in Table 3, we find that all of the mean value differences between the recovery and more severe 

delinquency groups are statistically significant at the 1% level as shown by the t-statistic column on the far 

right side of Table 2. Such high statistical significance is likely caused by the large sample size. The 

variables for these two groups are within one standard deviation of each other.  

Next we compare the characteristics of this sample with the expected coefficient signs as shown in 

Table 2. The four lagged dummy variables at the top of the table (DF1-FLAGL1 to DF4-FLAG1) indicate 

 
14  The National Bureau of Economic Research (NBER) marks the recession occurred over the December 2007 to June 2009 

period. 
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what stage of the delinquency spectrum the borrowers were in the month before the change occurred on their 

delinquency states. These estimated differences have no particular expected signs. Given that moving into 

the first stage of delinquency is at 89 days or less delinquent (the lagged value DF1_FLAGL1), this is the 

most frequent stage where recovery occurs with 81.3 percent of this group recovering to a current state of 

payment , and 22.4 percent became more severely delinquent. In contrast, for the more severe delinquency 

group, a large percentage, 66.4 percent, of them that were current in the previous month (DF4_FLAGL1) 

moved to the first delinquency state. Being in the 90 day or greater delinquency state in the previous month 

(DF2_FLAGL1) and having either a recovery or more severe delinquency are smaller segments of the 

sample, 10 percent and 11 percent, respectively.  

The ARM and no documentation flags have quantitatively larger values for the more severe 

delinquency group and this conforms to the expected positive signs for the logistic regression that they 

produce a greater likelihood of more severe delinquencies.   

 The recovery in delinquency group has the largest proportion of borrowers both in single family or 

townhouse properties and who are occupants of these mortgaged properties. The expected signs on these 

variables are negative (see Table 3) and support the hypothesis if home buyers gaining psychic income from 

home ownership. Condominium properties have larger proportion for the more severe delinquency group 

and this agrees with the positive expected sign. Borrowers who recover from their delinquencies maintain 

home ownership. This too is consistent with the psychic income hypothesis from homeownership. That is, 

many homeowners have this psychic motivation to maintain their home ownership status compared with 

those buying a house for investment purposes. 

 The breakdown of continuous explanatory variables that agree with the expected signs of the 

estimated coefficients include combined LTV (COMB_LTV), risk yield differential 

(YIELDDIFBAA_AAA), employment changes (EMPLOYMENT_LN12DIFF), personal income changes 

(PI_LN12DIFF), house price changes (CS_RESHPRC_LNDIFF), house price change sigma (SIGMA_CS), 
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and the net mortgage flows (NETFLOW_MTG). One example of agreement with a positive expected 

coefficient would be the combined LTV variable. The Recovery In Delinquency value is 85 and the More 

Severe Delinquency value is about 87 (Table 2). The More Severe Delinquency frequency weighted mean 

value is greater and this is consistent with the positive expected sign. A second example is the annual house 

price changes with a negative expected sign. The More Severe and Recovery In Delinquency values are -4 

percent and 0 percent, respectively. This agrees with the expected sign because the lower mean value is the 

more likely a borrower is be in the state of More Severe Delinquency. That is, a lower annual house price 

change means a larger likelihood of more severe delinquencies. 

 The initial interest rate (INIT_RATE), FICO score (FICO) , and yield curve interest rate spread 

(YLDDIFF10Y-1Y) variables have frequency weighted mean values for the two groups that are not 

consistent with the expected signs. The expected sign for the initial interest rate is positive, but the mean 

value for the Recovery In Delinquency group is slightly larger than the More Severe Delinquency group. 

The FICO and yield curve spread variables both have negative expected signs. In both of these cases the 

More Severe Delinquency group has larger values than the Recovery In Delinquency group, and this is 

contrary to their expected signs because we expect that larger values would generate lesser likelihoods of 

delinquency. 

 

2. Ordered Logistic Regression Estimates    

This section analyzes the estimated coefficients of the ordered logistic model. Compared to our 

analysis of mean differences between the extreme states, we should expect that the signs of the coefficients 

should reflect these directions. Our analysis will look first at the mortgage data by vintages of mortgage 

originations. From Figure 1 we can see that the mortgage loan originations per deal increased from 2001 

through 2004, and then decreased in 2005 and 2006 due to the larger number of securitization deals.  The 

ordered logistic regression results by mortgage origination years are reported in Table 4. Maximum 
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likelihood estimation is used and these regression results derive the effects of each explanatory variable 

while controlling for the effects of all the other explanatory variables to yield the optimal fit. In general, the 

model fits the data well with rescaled R2 values ranging from 17.6 (in 2003) to 5.4 (in 2006) percent. The 

explanatory power of the model substantially changes as we move through the sample period for 

originations. The average rescaled R2 value for the 2000-2004 origination periods is 15.3 while it is 6.6 for 

2005-2007. 

The explanatory variables in our model generally conform to their expected signs as shown in Table 

3. Recall that a positive sign for a coefficient implies that an increase in the value of the variable increases 

the likelihood of delinquency, and a negative sign show that an increase in the variable value increases the 

probability of Recovery In Delinquency or decreases the likelihood of delinquency. This shows that 11 out 

of the 17 estimated coefficients with expected signs are in agreement for at least 75% of the regressions. 

Furthermore, the lagged delinquency status variables identify the preceding status of the borrower and are 

interpreted relative to being current. In addition it shows in every origination year that only the status of 90 

days or more delinquent yields a greater effect on moving to a more severe delinquency than having no 

delinquency. 

Given the large number of logistic regression results we have in Table 4, we summarize the 

consistency of the estimated coefficients using Table 3.15  The mortgage market variables have four out of its 

five variables with consistent signs. The annual house price and employment changes have the greatest 

effect on the likelihood of More Severe Delinquencies and we will examine this later when we discuss the 

marginal effects (Table 5). Only the annual house price change sigma variable is more inconsistent, but 

Table 4 shows that this variable is consistently positive for the last three origination years (2005-2007). The 

market spread interest rate variables only have signs that are consistent with the expected signs for about 

 
15 The measurement of agreement with the expected sign is performed by testing whether the opposite sign is statistically 

supported at the 10% level or higher level of significance. 
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one-half of the regressions. The loan & borrower variables also yield good estimation results. All are dummy 

variables except three – INIT_RATE, FICO and COMB_LTV. Seven out of the ten variables, including the 

three continuous variables in this category, have signs that produce consistent results. Finally, we note that 

the lagged delinquency status variables identify the preceding status of the borrower and it shows in every 

origination year that only the status of 90 days or more delinquent yields a greater effect on moving to a 

More Severe Delinquency than having no delinquency. Lastly, the employment, personal income and 

residential house price annual changes estimated coefficients, as shown in Table 4 show larger estimated 

coefficient values with consistent negative signs over the 2002-2007 origination years. 

The in- and out-of-sample results are shown in Table 5, Panels A and B, respectively. These tables 

are frequency weighted combinations from the regressions for 2000-2007 origination years. These prediction 

estimate tables demonstrate accurate results by these regressions. These accuracy results typically far exceed 

the random proportion of one-third. For the in-sample results, the correct predictions of the More Severe 

Delinquency, Recovery In Delinquency, and No Change categories are 63, 87, and 39 percent, respectively. 

The out-of-sample predictions correctly predict 63, 88, and 40 percent for these same delinquency status 

change categories. This indicates that our regression estimates are very robust to out-of-sample testing. 

 

3. Marginal (Incremental) Effects    

The heart of our analysis is to gain a better understanding of the economic effects of each variable on 

changes in delinquency states. To do so  we estimate marginal effects of changes in each variable. In 

Table 6, Panel A is presented the estimated marginal effects of the dummy variables and in Panel B is 

presented the simulated marginal effect estimates for the continuous variables  along with the variable 

changes used in each simulation for the explanatory variables in the regression model. For all of these 

explanatory variables, the simulated estimated marginal effects are the respective estimated marginal 

effects multiplied by the associated variable changes. The estimated marginal effects for binary (dummy) 
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variables involve variable changes from zero to one. This type of variable has identical simulated and 

raw marginal effects. For the continuous explanatory variables, the marginal effects are estimated by 

making the variable changes be the absolute values of the difference between their median values and the 

25th percentile either above or below the median depending on the direction required to increase their 

expected likelihoods of mortgage payment delinquencies. The direction of the variable change is shown 

in Table 3. For example, movements to lower FICO scores, as is shown by the “–“ sign in Table 3, 

would lead to higher expected likelihoods of worse payment delinquency status, so this variable change 

would be the absolute difference between the 25th percentile and median values.  

We chose this method to estimate the effects because it provided a consistent way of measuring 

changes for the simulations. For all of the variables in Table 6, the simulated marginal effects represent 

the changes in the probability of more severe delinquencies due to their variable changes. The lower 

value in each cell of Panel B shows the absolute variable change values. Since the independent variables’ 

value sizes are different, such as FICO scores mean value is 662 and annual employment change is 

0.012, the simulations show these marginal effects on the probability of more severe delinquencies in a 

more uniform fashion. The simulated 25 percentile change from the median value well represents the 

actual marginal effects of the variables over the sample period. From this point forward all references to 

marginal effects will apply to the simulated marginal effects. In addition, Table 7 shows these simulation 

estimates for some pooled variables. Once again, these effects cover the 2000-2007 origination years and 

cover these mortgages from their origination dates through the end of  2008.   

Referring to Table 6, Panel A, some dummy variable marginal effects have large impacts on the 

borrowers’ probability of more severe delinquency. Using the weighted average column, the lagged 

delinquency groups show that the 90 days or more delinquent (DF2-FLAG1) is the only group whose 

marginal effect increases the likelihood of more severe delinquencies. The estimate is by approximately 

7 percent relative to the no delinquency group. In addition, the 89 days or less delinquency group (DF1-
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FLAG1) shows a large negative estimated marginal effect of 18.3 percent which demonstrates the 

frequent recovery of borrowers that are in this first delinquency stage. These lagged delinquency group 

variables demonstrate the patterns of delinquency in this sample.16  

Two of the largest contemporaneous dummy variable effects that show current loan and borrower 

characteristics are the ARM and No Documentation (No Doc) mortgage loans. The weighted average 

estimated marginal effects are  5 and 2.5 percent, respectively. However, these effects differ over time. 

For example, Table 6 shows that for mortgage-holders within the 2003 origination year, having an ARM 

mortgage contract increases the probability of a more severe delinquency by about 6.1 percent and for 

No-Docs 3.3 percent in 2002. In addition, mortgage borrowers on condominium properties have 

consistently moderate marginal effects that lower their probability of more severe delinquency, and the 

negative sign on the occupancy dummy variable shows a moderate effect for the last 3 origination years 

in our sample. The occupancy flag result during end of our sample period in 2005-2007 period when 

house prices fell most dramatically supports the psychic income of home ownership hypothesis since 

borrowers who are occupants are most likely to want to keep up payments to live in the house as 

opposed to simply investing in the property.   

 

In Table 6, Panel B, the marginal effects for the continuous variables has three Loan & Borrower 

variables that remain relatively large over all of the origination periods in our sample – Loan-to-Value 

percentage (COMB_LTV), the FICO score (FICO), and the Initial Interest Rate (INIT_RATE). The 

combined LTV (COMB_LTV) has the largest weighted average marginal effect for all variables at about 

26 percent.  The COMB_LTV is a variable that begins with its smallest marginal effect  at the earliest 

origination period, averaging less than 10 percent for the 2000-2002 periods  and grows to have the largest 

 
16 The lagged delinquency variable for borrowers at foreclosure, bankruptcy or REO shows high positive marginal effects because 

they have reached the maximum delinquency stage. 
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marginal effects in the final three origination years, 2005-2007 of between 28 percent and 48 percent. The 

FICO score has a weighted average value of 11.36 percent and is extremely high for the initial origination 

years (2000-2002), and then decreases in magnitude while still showing large marginal effects while still 

showing 6 percent to16 percent in the final 3 periods. The estimated marginal effect for 25 percentile 

decreases in FICO scores in the 2003 origination year is about 21 percent. As our results show, the 

average FICO scores were lower during the earlier part of the sample and progressively got larger toward 

the later periods. The initial interest rate, INIT_RATE, has moderate marginal effects, with larger values 

of 1 percent to 3 percent during the 2000-2004 origination years.  Overall, the marginal effects of FICO 

and LTV reflect  the low underwriting standards on mortgage lending that took place over the sample 

period and the interest rate effect was muted as more subprime loans were made: the borrowers were not 

interest rate sensitive because of the widespread belief at the time that house prices had nowhere to go but 

up. 

 

To more completely explore the interaction effect of variables, we pool the individual simulated the 

marginal effects for some dummy and continuous variables for each sample origination year (Table 7). 

These simulations are performed in the same way that the individual marginal effects were done. For the 

dummy variable group, the ARM and No Documentation have a relatively large combined average effect 

of 7.5 percent when they are active. In addition, the pooled effects of the Occupancy and Single 

Family/Townhouse dummies show the psychic income effect of home ownership. The weighted mean is a 

small negative value that represents a tendency to have lower likelihoods of delinquency, but the 

origination years that are positive (2002 to 2004) the average was less than 1 percent which is a 

moderately large marginal effect. If the Occupancy and Condo dummy variables are combined, the effects 

would be larger (not shown).  
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For the continuous variable group presented in Table 7, the continuous loan and borrower variables 

have notable pooled effects. For example, when a combined LTV increase is interacted with a FICO 

decrease this would increase the average likelihood of more severe delinquencies by 28 percent to 93 

percent. When the interest rate and FICO are interacted, the marginal effect ranges from 6.6 percent to 93 

percent. When these underwriting variables interact over the sample period, they can lead to large 

increases in delinquency likelihoods. We also find that the annual house price change pooled marginal 

effects become increasingly larger toward the end of the origination years, especially in 2005 and 2006 

where they are over 1 percent increases. We know that the house prices had already began to fall  

substantially in late  2005 in some CBSAs like Phoenix, Miami and Tampa Bay. 

 

IV. Summary and Conclusions  

As indicated in the literature review and from studies by Hanweck (2008) and Demyanyk and Van 

Hemert (2007) only the surface of the research potential has been scratched  using individual mortgage loan 

and borrower data such as from the Loan Performance database. This study finds meaningfully accurate 

estimates of the borrowers’ likelihoods of more severe delinquency payment status changes by using 

individual mortgage loan, borrower and  county-level risk factors as explanatory variables. Another use of 

these data is to determine the bottom-up valuation of the securitizations based on their composition of 

underlying subprime, Alt A and prime loans that are generating the cash flows. We plan to follow up on the 

links between the pool prices and the underlying mortgage performance in a future study.  

The data base we used is composed of data on individual mortgage loans that are collateral for the 

securitizations. The valuation of a securitization pool of subprime, Alt-A or Prime mortgages and any of the 

tranches derived from it, depends on the underlying value of the component mortgages which in turn 

depends on the underlying value of the residential property and borrowers’ ability and willingness to pay on 

the mortgage. Projections of the payment status for these underlying mortgages can be used to forecast the 
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condition of the security through time. This is important information to have for investors and/or regulators 

that oversee companies that are holders of securitized mortgage securities and develop them. The projection 

of securitization value can be useful to better isolate the effects of regional economic factors on the valuation 

of the securitization and effect on investors holding these pools of tranches or the MBS contracts. As in the 

model presented in section 2.B.2, the contingent claims approach to valuing debt and securitization value 

simultaneously is the conceptual foundation to developing these empirical models with the added 

recognition that some households may derive psychic income from home ownership and others simply 

investment income. Investors attempting to buy and/or restructure mortgages need to be able to identify 

borrower and loan factors important in potential defaults from those that are due to prior contractual 

arrangements (such as ARMs, FICO scores, LTVs, and initial interest rates) and economic conditions of 

which borrowers and lenders do not have control. Future work will be to measure default rates and the 

interest sensitivity of the value from prepayments simultaneously to yield better current valuations and 

estimates of delinquency and default in order to get better conditional valuation of securitized financial 

instruments.  

 The results of this study are robust as seen from using different years of origination or across 

origination vintages of mortgages. They clearly demonstrate that initial borrower and mortgage 

characteristics, such as LTV, borrower documentation or FICO score, are dominant factors in determining 

the likelihood of delinquency and default. For loan modifications, this suggests that these factors can’t be 

changed and that other factors such as outstanding balance, maturity or interest cost will need to be altered. 

Consequently, our results indicate that modifying mortgages for borrowers that have poor credit quality will 

only result in delinquencies and default in the future. For example, our marginal effects analysis indicates 

the extent that the likelihood of foreclosure can be decreased by lenders providing principal reductions. Our 

estimates show directly that a 11.36 percentage point increase in LTV for borrowers already severely 

delinquent (assuming they are near the median of LTV to start) would increase the likelihood of foreclosure 
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compared to a natural improvement by 26 percentage points. Given that they are near a 100 percent 

likelihood of foreclosure to start, this estimated reduction would increase their likelihood of foreclosure to to 

a near certainty. This means that these borrowers even with a reduction in LTV by reducing their 

outstanding mortgage balance would remain likely candidates to default again and require foreclosure within 

a year. This result suggests a statistically significant probability of reduced foreclosure, but  not sufficiently 

large to provide  a meaningful improvement in their prospects to avoid foreclosure by a principal reduction 

policy. These results clearly indicate that the conditions surrounding the underwriting of these mortgage loan 

contracts were the main culprits that led to the payment delinquencies. Consequently, our results can be used 

to identify  all the important factors that must be just right for a loan modification of the sort tried in various 

Federal loan modification programs such as HAMP and local programs to succeed.
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Figure 2: Loan & Borrower Characteristics (March, 2000 – December, 2008) 
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Figure 4: ARM & No Documentation Marginal Effects on Likelihood of More Severe Delinquencies      

 
 

Figure 5: Simulated FICO & LTV Marginal Effects (25 Percentile Change)    
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Table 1: Sample Statistics    
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Table 2: Payment Status Change Components     
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Table 3: Estimated Coefficient Expected Sign Agreement    
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Table 4 – Order Logistic Regression Estimates by Origination Years (2000-2007) 
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Table 5, Panel A: IN-SAMPLE DELINQUENCY STATUS CHANGE PREDICTIONS  

(2000-2007 Origination Years) 
   

 
 

 

 

Table 5, Panel B:  OUT-of-SAMPLE DELINQUENCY STATUS CHANGE PREDICTIONS  

(2000-2007 Origination Years)  
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Table 6: Marginal Effects on the Likelihood of More Severe Delinquencies 

 

 
 

 

 Panel B: Continuous Variable Effects by Origination Year   
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Table 7: Pooled Marginal Effect Simulations on the Likelihood of More Severe Delinquencies   

 

 

 
 

 

 

Note: The first rows of each pooled variable group are the pooled simulated marginal effects measure the effects on the likelihood of more severe delinquencies where each individual marginal effect is 

multiplied by the pooled changes in the relevant continuous variables; the second rows are the pooled changes in these variables computed by taking the absolute differences of the median and the values that 

are 25 percentiles in the direction that will yield a larger expected likelihood of delinquency.


