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Abstract

This article examines loan terminations under the U.S. Department of Housing and 
Urban Development’s (HUD’s) reverse mortgage insurance program formally known 
as the Home Equity Conversion Mortgage (HECM). Demand for HECM loans is 
increasing and may continue to rise in the future as the baby boom generation enters its 
retirement years. An efficient secondary market would help the HECM program realize 
its full market potential to meet this growing demand. Information for investors to gauge 
the future performance of HECM loans has not been widely available but is critical to 
help the secondary market mature. This article addresses the need for information by 
analyzing HUD historical data on HECM loan terminations—a major risk factor in 
assessing loan performance. Reverse mortgage terminations are primarily driven by 
the timing of borrower deaths and voluntary loan payoffs associated with moving out 
of the mortgaged property. Thus, borrower age and type (specifically single female or 
male or couples) affect reverse mortgage termination rates. One unique feature of the 
HECM program (compared to other reverse mortgage products available in the market) 
is that it gives lenders the option to assign an active HECM loan to HUD in the event 
the loan balance reaches the maximum claim covered by FHA insurance. From an 
investor’s perspective, the assignment of an active loan to HUD is the equivalent of a 
loan termination. The research described in this article generates annual hazard and 
survival rate tables for HECM loans grouped by age and borrower type and examines 
the impact assignments have on expected termination experiences for these groups. 
It finds that assignments begin to impact hazard and survival rates after policy year 
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Abstract (continued)

six for all borrowers and as early as policy year four for older borrowers. Additional 
findings related to borrower age and borrower type are discussed.

Introduction
This article examines loan terminations for the U.S. Department of Housing and Urban 
Development’s (HUD’s) reverse mortgage insurance product formally known as the Home Equity 
Conversion Mortgage (HECM). Reverse mortgages enable homeowners to convert home equity 
into liquid assets. Older Americans who own their own homes and who have most of their wealth 
in their houses use HUD-insured HECMs and conventional (not government insured) reverse 
mortgages. Market interest in reverse mortgages is expanding both in the United States and 
internationally where rapidly aging populations are looking for alternative ways to access financial 
assets to raise or maintain the standard of living for the elderly.

The purpose of this article is to enhance the development of an efficient secondary market for 
HECM loans by providing the general public and mortgage market participants (particularly 
potential reverse mortgage investors) with analysis of 16 years of actual program experience on 
the timing of HECM loan terminations. Such detailed HECM termination experience has not been 
made public elsewhere. Specifically, this article provides information on discrete-time (annual) 
HECM loan termination and survival rates, focusing on the impacts on these rates of differing 
borrower ages and borrower types. The article also provides information on the impact on 
termination and survival rates associated with the unique assignment option feature of the HECM 
product that is not found in conventional reverse mortgages.

A reverse mortgage derives its name from the pattern of payments that is typically the reverse of 
a traditional mortgage loan used to buy a home. Specifically, with a home purchase mortgage, the 
lender advances funds to the borrower in a lump sum at the outset, while the borrower makes 
periodic repayments to the lender that eventually retire the debt. With a reverse mortgage, the 
pattern is the opposite: the lender advances funds periodically to the borrower, while the borrower 
makes no repayment to the lender until the end of the loan, when a lump sum repayment is due. 
HECM reverse mortgages do not require repayment as long as the borrower is alive and resides 
in the home. Because periodic advances to borrowers, interest on the debt, and other fees accrue, 
reverse mortgages such as HECMs are generally rising debt loans. Equity declines because the debt 
usually rises at a faster rate than property appreciation.

The HECM product, launched in 1989, has become the dominant reverse mortgage product in the 
U.S. market. HUD’s Federal Housing Administration (FHA) provides mortgage insurance to private 
HECM lenders, protecting them against losses resulting from nonrepayment in full of the loans and 
making lenders more willing to make these loans. Nonrepayment losses would typically occur if the 
amount of the debt exceeds the net proceeds from the sale of the property when the loan becomes 
due. If a loss due to nonrepayment occurs, the lender files a claim to HUD for insurance benefits.
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One feature that distinguishes the HECM product from conventional reverse mortgage products is 
an option that HUD gives its lenders to assign the loan to HUD when the total loan balance grows 
to equal 98 percent or more of the loan’s maximum claim amount.1 HUD offers this option (1) to 
increase the liquidity of these loans that have no stated term to maturity and (2) to provide lenders 
with full insurance coverage from losses due to nonrepayment.2 When the balance of a HECM 
loan reaches 98 percent of the maximum claim, the lender may assign the loan to HUD, and HUD 
assumes all responsibilities for servicing the loan going forward. At the time of the assignment, 
HUD pays an insurance claim to the lender equal to the loan balance (up to the maximum claim). 
The timing of these assignments varies depending on the rates at which borrowers draw down 
their cash advances from the HECM loan and on the path that interest rates have followed, given 
that nearly all HECM loans accrue interest at adjustable rates. Loans made to older borrowers tend 
to get assigned sooner because older borrowers may receive larger loan advances (as a fraction of 
the property value) than younger borrowers. 

When the initial 1989 pricing model for HUD’s HECM insurance product was created, no actual 
program experience data existed for estimating the cashflows of reverse mortgages. The key risk 
factors affecting the cashflows and, consequently, the pricing of HECM insurance, are (1) borrower 
mortality rates and voluntary loan terminations, which together determine the timing of loan 
terminations and lump sum repayments; (2) interest rate changes, which affect the rate at which 
the debt rises; and (3) the uncertainty of future property values, which affects the net proceeds 
from a sale. Similar risk factors would also affect the pricing of securities backed by reverse 
mortgage assets. Szymanoski (1994) notes that absent actual program experience, HECM insurance 
was priced based on reasonable, but untested, assumptions relating to the previously mentioned 
factors. Regarding mortality and voluntary terminations, the original pricing assumption was that 
HECM loans made to borrowers of any given age would terminate in the future at a rate equal to 
1.3 times the age-specific mortality rate for female borrowers.3 

Since HUD’s HECM product was launched, additional research on the risk factors affecting HECM 
cashflows has occurred. Some of this research on borrower mortality rates, loan termination rates, 
and house price appreciation for older homeowners suggests that the original HECM assumptions 
may need updating. DiVenti and Herzog (1992) simulated HECM pricing and cashflows using 
an alternative mortality model that forecasted improvements in survival rates over a 25-year 
period. Their findings suggest that the HECM program assumptions might have underestimated 
borrower survival rates. Nevertheless, Szymanoski, DiVenti, and Chow (2000) note that HUD 
does not collect complete data on borrowers’ deaths; hence, actual HECM termination experience 
cannot distinguish between mortality and move-out. These authors found that for some HECM 
borrowers—especially for younger borrowers in their 60s at the time of loan origination—HUD’s 
assumptions appeared to be underestimating total terminations and, therefore, overestimating 
loan (as opposed to borrower) survival rates. Szymanoski, DiVenti, and Chow (2000), McConaghy 
(2004), and Rodda, Lam, and Youn (2004) construct multivariate statistical models of HECM 
termination probabilities. These studies show that factors such as borrower type, house price 
appreciation at the metropolitan area level, and interest rates affect termination probabilities. More 
research into model specification may be necessary for multivariate statistical analysis to be useful 
in understanding HECM termination probabilities.4 
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The investment community has begun to issue securities backed by reverse mortgage assets, 
including the first-ever HECM-backed securities issued during August 2006. Potential exists for 
rapid growth in the volume of HECM securitizations in the future. On October 17, 2006, Ginnie 
Mae announced that it is in the process of creating a HECM mortgage-backed security (MBS) 
product. The first Ginnie Mae-guaranteed HECM securities are planned before the end of 2007. 

According to Lehman Brothers, the investment banking firm that pioneered the first reverse 
mortgage security in the United States, reverse mortgages have two unique features that 
complicate the securitization process. First, reverse mortgages involve two-way flows of cash, 
unlike traditional home purchase mortgages from which cash flows only to investors. Specifically, 
purchase mortgage cash inflows to investors include scheduled monthly principal and interest 
payments plus prepayments from borrowers. Reverse mortgage cash outflows to borrowers include 
regular annuity payments or unscheduled line of credit draws, and cash inflows to investors 
include repayments of principal and accrued interest when the loan is repaid in a lump sum. 
Second, investors often prefer to hold current-pay securities, but reverse mortgages, unlike home 
purchase mortgages, provide cash inflows only when they terminate. A securitization of reverse 
mortgages must be structured to satisfy obligations to advance cash to borrowers as well as to 
investors “despite the unusual nature of reverse mortgage payments.”5

The secondary market is still developing ways to meet the challenges of securitizing reverse 
mortgages. Some securitizations to date have structured the securitization trust with prefunded 
cash accounts to make necessary obligations to borrowers and investors if cash inflows from 
terminations do not provide sufficient cash to meet these obligations. An alternative reverse 
mortgage securitization structure under development is to allow for dividing each whole reverse 
mortgage loan used as collateral into participations (shares of the loan) and for placing only 
fully funded loan participations into a security so investors would have no obligation to advance 
funds to the borrower. In this alternative securitization model, a prefunded cash account to meet 
the borrower’s obligations would not be needed because the issuer of the security would retain 
these obligations to make required cash advances to the borrower. Future cash advances, when 
met, could become additional fully funded loan participations that the issuer could place in a 
subsequent security.

Until the secondary market for reverse mortgages develops and becomes more efficient (reducing 
the costs of securitization), the HECM product may not be realizing its full market potential. As 
a result, the HECM has not fully benefited from the increased liquidity that the home purchase 
mortgage market has achieved. Increased liquidity could broaden the lender distribution channels 
for HECM loans and expand the investor base. These benefits could also lead to lower costs 
for borrowers and product innovations that are permitted under current product rules but not 
supplied by lenders (for example, zero-closing-cost and fixed-rate HECM loans). 

An efficient secondary market for asset-backed securities requires information about the timing 
of terminations, or payoffs, for the underlying assets for investors to estimate the duration and 
price of these securities. To support the development of such a market for HECM loans, this article 
provides termination information in the form of discrete-time hazard and survival rate tables using 
historical HUD HECM data and standard life-table techniques. The tables show annual hazard and 
survival rates for selected initial borrower age categories and borrower types (single female, single 
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male, couples, and all borrowers). The hazard and survival tables are presented in two ways. In 
the first set of tables, the hazard is defined in the traditional manner as the event of the loan being 
repaid upon the death or move-out of the borrower (including borrower payoffs for other reasons, 
such as refinancing). A second set of tables is presented in which the hazard definition is extended 
to include the assignment of an active loan to HUD by the lender as an additional termination 
event. The actual loan termination due to the borrower’s death, move-out, or refinancing may 
occur many years after the assignment to HUD, but the assignment event is likely to be treated as 
a loan termination by investors in HECM securities. From an investor’s perspective, the assignment 
of a HECM loan to HUD would result in the loan’s purchase out of the mortgage pool.

The next section of this article provides background information on the HECM product and the 
recent developments in the secondary market for these loans. The section following background 
information describes the database used in the analysis, provides a theoretical overview of the 
discrete-time hazard model, and applies this theory to estimate annual HECM hazard and survival 
rates directly from the data. The final section discusses main findings from the estimated hazard 
and survival rates as presented.

Background on HECM
HUD-insured HECM loans, which have been available for more than 16 years, have come to domi-
nate the primary reverse mortgage market; yet, for most of this time no secondary market has been 
available for these loans. The investment community and Ginnie Mae have recently shown increas-
ing interest in developing a secondary market for reverse mortgages in general and for the HECM 
product specifically. This section provides a useful comparison of cashflow patterns of traditional 
“forward” mortgages and reverse mortgages, a brief history of the HUD HECM reverse mortgage 
program, and the investment community’s increased interest in the securitization of these loans.

Forward and Reverse Mortgage Cashflow Patterns 
A major difference between the cashflows of a traditional home purchase, or forward, mortgage 
and a reverse mortgage is in the pattern of equity and debt over time. For the forward mortgage, 
debt is largest at the beginning of the loan term than at any other time. As a borrower makes 
monthly principal and interest payments on the mortgage and the property appreciates in 
value, the borrower’s debt declines and equity increases. In contrast, for a reverse mortgage, 
the borrower’s debt is smallest at the beginning of the loan term than at any other time. As the 
lender makes periodic principal advances to borrowers and accrues interest and loan fees into the 
outstanding balance, the borrower’s debt increases faster than the property value appreciates and 
equity decreases.

Exhibits 1 and 2 illustrate the different equity and debt patterns associated with forward and 
reverse mortgages, respectively. Exhibit 1 shows a typical pattern of changes in the equity and debt 
for a 30-year fixed-rate mortgage over the full loan term. Exhibit 2 shows the changes in the equity 
and debt for a reverse mortgage for which the borrower draws down cash advances in the typical 
pattern observed in the HECM program. This typical pattern of cash paid out for a HECM (ex-
pressed as average percentages of the initial principal limit by policy year) is provided in exhibit 3.6 
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Exhibit 1

Debt and Equity for a Traditional 30-Year Fixed-Rate Mortgage by Age of Loan in 
Years

Exhibit 2

Debt and Equity for a HECM Reverse Mortgage by Age of Loan in Years

HECM = Home Equity Conversion Mortgage.
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For a single reverse mortgage loan, cash flows from the lender to the borrower in periodic 
payments, which typically decline over time. Cash flows in the other direction, from the borrower 
to the lender (or investor), only one time—as a lump sum repayment when the loan terminates. 

Nevertheless, for a large pool of reverse mortgages, the pattern of cashflows is very different. If the 
pool is large enough, some loans are expected to terminate in each discrete-time period. Hence, 
the expected net cashflows for the pool quickly switch from a net outflow to a net inflow as lump 
sum repayments exceed aggregate cash advances paid to the remaining borrowers. The expected 
cashflows on a pool of HECM loans are illustrated in exhibit 4 using average termination rates for 
a 75-year-old borrower and the typical cash payouts shown in exhibit 3. These net cashflows from 
a pool of reverse mortgages represent the cash passthroughs on a reverse mortgage security. If the 
security is formed with loans that have been seasoned past the first year, then the net cash inflows 
in most cases will be adequate to create current pay securities for investors and meet additional 
borrower cash drawdown obligations. In case the net cash inflows fall short, however, the trust 
created for a reverse mortgage security often includes a cash funding account to ensure that all 
obligations will be met. The appendix at the end of this article illustrates the structure of a stylized 
reverse mortgage security.

Exhibit 3

HECM = Home Equity Conversion Mortgage.
Source: Preliminary analysis of HUD’s Single Family Data Warehouse and Single Family Mortgage Asset Recovery Technology 
databases

Cash Paid Out to Borrowers on a Typical HECM Loan by Policy Year as Percentage 
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History of the HUD HECM Program 
A demonstration program for home equity conversion was authorized by the Housing and 
Community Development Act of 1987 (Public Law 100-242) and was initially limited to 2,500 
total mortgages, although that limit was soon raised. The first HECM loan was made in September 
1989. HUD designed the HECM product in response to the statute, and it has become the 
dominant reverse mortgage product in the U.S. market. The HUD Appropriation Act of 1998 made 
HECM a permanent program of HUD and the FHA.

The history of the HECM program is documented in five reports to Congress prepared by HUD. 
The first, submitted in 1990, described the HECM product’s features and explained why various 
design decisions were made, including the actuarial assumptions of the HUD pricing model. The 
second HUD report, submitted to Congress in 1992, provided initial findings on borrower, loan, 
property, and lender characteristics and on outstanding legal and programmatic issues. The third 
report to Congress, submitted in 1995, updated the findings of the 1992 report and conducted an 
initial actuarial review of the program’s insurance fund. The fourth report, submitted to Congress 
in May 2000, updated the 1995 actuarial review and presented the latest available borrower, loan, 
and property characteristics. The 2000 report also included borrower feedback on satisfaction with 
the program. The fifth and most recent report to Congress, submitted in 2003, was mandated by 
Congress to update the actuarial analysis presented in the 2000 HECM report and to examine the 
potential impact of three legislative proposals affecting the HECM program: (1) replacing FHA’s 

Exhibit 4

Net Cash Flows to Investors on a Pool of HECM Loans by Policy Year as Percentage 
of Initial Principal Limit
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local loan limits with a single, national loan limit for HECM; (2) reducing the premium for HECM 
refinancing; and (3) waiving the upfront premium for HECMs used exclusively for the payment of 
long-term care insurance policies.7 

The HUD reports show that HECM borrowers tend to be older than the general population of 
homeowners age 62 and older and are more likely to be single females. According to the 2000 
report, which was the last report to contain detailed borrower and loan characteristics, the median 
age of a HECM borrower was 75 compared with a median age of 72 among all elderly homeown-
ers. Of the HECM borrowers, 56 percent were single females, compared with 28 percent of elderly 
homeowners in the general population. Single males accounted for 14 percent of HECM loans and 
couples accounted for 30 percent, compared with 8 and 65 percent, respectively, among the gen-
eral population. The properties of HECM borrowers tended to be more valuable than those of the 
general population of homeowners age 62 and older: the median value was $107,000 for HECM 
borrowers compared with $87,000 for elderly homeowners in the general population. The typical 
HECM loan, as of the 2000 study, had an initial principal limit of $54,890, the maximum amount 
that can be borrowed under the terms of the HECM loan (either taken as a lump sum at closing or 
as the present value of an annuity or credit line). 

Current HUD data on HECMs show that the previously mentioned borrower and loan character-
istics have changed since the 2000 report to Congress. Specifically, among HECM loans insured in 
fiscal year (FY) 2006, the median borrower’s age is now 74; single females still represent the largest 
share of borrower types, although their share has fallen to 44 percent compared with 17 percent 
for single males; 39 percent of borrowers are couples; average property values have grown to 
$289,000; and the average principal limit is now about $159,000. 

The HUD reports to Congress also show that HECM loans have been primarily purchased by a 
single investor, Fannie Mae, and held as whole loans in Fannie Mae’s portfolio. Originating lenders 
rarely hold HECM loans in portfolio, even though the loans nearly always carry adjustable interest 
rates, choosing instead to sell these loans to an investor as quickly as possible.

As noted previously, HUD’s HECM product does not require any repayment as long as the 
borrower remains in the home. This feature increases the demand for HECM loans among elderly 
homeowners (the minimum qualifying age is 62) because they can borrow without the fear of 
involuntary displacement or foreclosure due to failure to make monthly payments or a lump sum 
repayment by a specified date. Nonrepayment on a HECM loan can occur only after the borrower’s 
death or a voluntary move-out, at which time the loan becomes due and payable.8 In the case of 
death or move-out, the property is sold to pay off the debt. If the sales proceeds are sufficient to 
pay the debt, including interest, the remaining cash usually belongs to the borrower or his or her 
estate. If the sales proceeds are insufficient, the lender (or investor) must absorb the loss, releasing 
the mortgage upon receipt of the net sales proceeds, and then must file a claim with HUD for 
insurance benefits that fully reimburse the lender for the deficiency. 

Even with the risk of loss due to nonrepayment borne by the government, private lenders may 
have additional reasons for not holding reverse mortgage loans in their portfolios. Specifically, 
regulated depository institutions may find it difficult to manage portfolio capital requirements if 
they hold illiquid whole loan assets such as HECMs. In addition, some lenders may not want to 
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accrue taxable interest income on reverse mortgage assets because this income will not actually be 
received until the loan is paid off—potentially many years in the future. 

Although Fannie Mae’s participation as the principal investor for HECM loans has been a major 
factor in the early success of HECM as a niche product, the long-term success of HECM as a more 
mainstream loan product may require the eventual development of a more efficient secondary mar-
ket for these loans. If an efficient secondary market in HECM loans does develop, then the liquid-
ity and taxation problems could be shifted to investors who may value these assets more highly 
than portfolio lenders do. Furthermore, increased liquidity from an efficient secondary market 
could broaden the lenders’ distribution channels for HECM loans and expand the investor base. 
Broader distribution channels and increased investor demand could also lead to lower costs for 
borrowers and product innovations, including some that are permitted under current product rules 
but not currently supplied by lenders (for example, zero-closing-cost and fixed-rate HECM loans).9

The Secondary Market for HECMs 
The investment community’s interest in developing a secondary market for reverse mortgages dates 
back to the late 1990s. In 1999, for example, Lehman Brothers led the first U.S. securitization 
of reverse MBSs with a $317 million structured financing by the Structured Asset Securities 
Corporation (SASCO) using conventional reverse mortgages as assets. At that time, Standard & 
Poor’s (S&P), a public ratings agency, published its ratings criteria for reverse mortgage backed 
securities.10 The S&P criteria state that, from a cashflow perspective, “the repayment rate [due to 
move-out and mortality] is the most important [cashflow] variable of the security.” For reverse 
mortgage securities backed by HECM assets, the underlying termination rate of the loans is by far 
the most critical cashflow risk factor because the HECM mortgage insurance mitigates cashflow 
risks arising from interest rate and property value uncertainties.

More recently, the investment community’s interest in the reverse mortgage market (both for FHA-
insured HECM loans and conventional reverse mortgages) has accelerated. Whether fueled by the 
low interest rates and robust house price growth of the past 5 years, the rapid growth of HECM 
and conventional reverse mortgage volumes over this same period, growth in the number of 
lenders with experience in lending and servicing these loans, or a combination of all these factors, 
the market for reverse mortgage securities, including those backed by both conventional and 
HECM reverse mortgages, is poised for considerable growth.

In August 2006, the Mortgage Equity Conversion Asset Corporation issued $221 million in Class 
A notes backed by a pool of HECM loans. This issuance, which received a rating of “AAA” by Fitch 
Ratings, represented the first ever asset-backed security using HECM loans as assets. The trust in 
this securitization consisted of a mortgage pool of HECM loans with a cutoff aggregate balance of 
$135.5 million, plus an $85.45 million funding account comprising cash and securities to provide 
assurance that borrowers would be advanced funds even if pool cash inflows from terminated cases 
fell short.11 

The following month, Fitch rated another $598.3 million reverse mortgage pool trust, which 
was a structured financing backed by conventional reverse mortgages with a cutoff date balance 
of $522.3 million. Because the assets in the pool, unlike HECM loans, have no federal insurance 
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to cover nonrepayment risk, the securities were structured (as was the 1999 SASCO deal) with 
multiple risk classes, in which the lower rated classes absorbed some of the nonrepayment risks 
of the highest rated classes. Thus, the security’s Class A-IO and Class A-1 notes, with a combined 
balance of $490 million, received Fitch’s highest rating of “AAA” because they were structured 
with sufficient protection from nonrepayment risk. The security’s $83.3 million Class M-1 notes, 
structured with less protection from nonrepayment risk, received a lower rating of “AA,” and the 
security’s $25.0 million Class M-1 notes, which assumed the most nonrepayment risk, received the 
lowest rating of “A.” 

The potential exists for continued HECM securitizations in the future. On October 17, 2006, 
Ginnie Mae announced that it is in the process of creating a new product to securitize HECMs. 
Ginnie Mae, an arm of HUD, has a mission to promote an efficient government-guaranteed 
secondary mortgage market linking the global capital markets with federally insured housing 
markets.12 The first of these Ginnie Mae-guaranteed HECM securities will likely be issued before 
the end of 2007. 

Clearly, a growing supply of HECM loans available for securitization exists. FHA has insured 
about 236,000 HECM loans since the program’s inception in 1989.13 Of these loans, FHA insured 
more than 74,000 cases during FY 2006 (October 1, 2005, through September 30, 2006), which 
represents nearly 32 percent of the cases ever insured and a 73-percent increase over the 43,000 
cases FHA insured in FY 2005. As of September 30, 2006, more than 175,000 of the ever-insured 
HECM loans were still actively insured—that is, the loans were active and had not been assigned 
to HUD—with an average outstanding loan balance of $103,000 and an aggregate outstanding 
loan balance of $18.1 billion. Both FHA and Ginnie Mae believe that HECM volume will continue 
to rise in the future as the baby boom generation enters its retirement years and the demand for 
reverse mortgages, in general, is expected to increase.

The previously mentioned reverse mortgage ratings criteria from Wall Street public ratings agencies 
reflect the market’s desire to gain a better understanding of HECM cashflows. For a secondary 
market for HECM loans to thrive, it will need specific information on HECM cashflow factors—
especially information about the timing of loan terminations due to mortality, move-out, and 
refinancing. 

Constructing Discrete-Time Hazard and Survival Rates Using HUD’s 
HECM Data
This section provides a discussion of HUD HECM data. It emphasizes the impact of assignments, 
unique to HUD’s program, on expected terminations. Discrete-time hazard and survival models are 
constructed for borrowers of different types and ages. Hazard and survival rates are recomputed 
taking into consideration the impact of loan assignment on termination experience. 

HUD’s HECM Data
The analyses are based primarily on a database containing 235,993 loan-level records representing 
all loans that HUD had endorsed for HECM insurance as of September 30, 2006.14 The data come 



16 Staff Studies in Housing and Community Development

Szymanoski, Enriquez, and DiVenti 

from two sources: the HUD Single Family Data Warehouse and FHA’s Single Family Mortgage 
Asset Recovery Technology (SMART) database. HUD’s Single Family Data Warehouse compiles its 
HECM data from the primary program source systems: the Computerized Housing Underwriting 
Management System and the Insurance Accounting Collection System. The SMART database 
contains information about HECM cases which have been assigned to HUD. The post-assignment 
case data in SMART are not currently captured in the Single Family Data Warehouse. 

Each loan-level record obtained for analysis contains fields for the loan origination or funding date 
and borrower and co-borrower (if applicable) characteristics, including date of birth and gender, 
date of termination (if applicable), date of assignment (if applicable), and loan status codes, all as 
of the cutoff date of September 30, 2006. The borrower’s age at loan origination was calculated 
using the loan origination date and the borrower’s date-of-birth information. Also, where a co-
borrower is present on the loan, the date-of-birth information for the younger of the couples was 
used to represent the borrower’s age.15 

Lack of data in some fields resulted in a small number of termination dates being estimated and 
a small number of loans being dropped from the analysis. For 385 cases with termination status 
codes indicating claims were paid but the cases were missing termination dates, the claim payment 
dates were obtained from the Single Family Data Warehouse to approximate the loan termination 
dates. A total of 531 records with bad data for the borrower’s date-of-birth could not be proxied 
using other data; these records were discarded, leaving 235,993 valid cases for analysis. 

Exhibits 5A and 5B summarize the numbers of loans among the 235,993 valid records originated 
by calendar year and by termination status; that is, terminated or censored.16 In exhibit 5A, these 
data are presented using the loan termination status as it appeared through September 30, 2006, 
in the Single Family Data Warehouse for cases not assigned to HUD. Exhibit 5A uses similar data 
on termination status from the SMART database for assigned cases. In exhibit 5A, loans that are 
assigned to HUD are not shown as terminations until the borrower dies or pays off the loan. 

Exhibit 5A

Origination 
Year

Terminated Censored Total Originations

Count
Percentage 

of Row
Count

Percentage 
of Row

Count
Percentage 

of Row

HECM-Insured Cases by Termination Status as of September 30, 2006
Terminations Exclude Assignment to HUD

1989 11 100.0 0 0.0 11 100.0

1990 362 91.0 36 9.0 398 100.0

1991 579 88.1 78 11.9 657 100.0

1992 1,597 84.5 293 15.5 1,890 100.0

1993 2,277 80.1 567 19.9 2,844 100.0

1994 3,333 81.5 757 18.5 4,090 100.0

1995 3,025 77.7 870 22.3 3,895 100.0

1996 3,626 72.7 1,364 27.3 4,990 100.0

1997 4,197 72.2 1,617 27.8 5,814 100.0

1998 4,299 64.1 2,411 35.9 6,710 100.0

HECM = Home Equity Conversion Mortgage.
Note: Excludes 531 cases with missing data.



17Cityscape

Home Equity Conversion Mortgage Terminations:
Information To Enhance the Developing Secondary Market 

HECM = Home Equity Conversion Mortgage.
Note: Excludes 531 cases with missing data.

Exhibit 5A

Origination 
Year

Terminated Censored Total Originations

Count
Percentage 

of Row
Count

Percentage 
of Row

Count
Percentage 

of Row

HECM-Insured Cases by Termination Status as of September 30, 2006
Terminations Exclude Assignment to HUD (continued)

1999 4,682 61.5 2,934 38.5 7,616 100.0

2000 3,665 58.3 2,617 41.7 6,282 100.0

2001 4,507 46.0 5,287 54.0 9,794 100.0

2002 5,161 38.0 8,406 62.0 13,567 100.0

2003 7,214 25.3 21,249 74.7 28,463 100.0

2004 5,971 16.0 31,389 84.0 37,360 100.0

2005 2,415 4.2 54,886 95.8 57,301 100.0

2006 166 0.4 44,145 99.6 44,311 100.0

Total 57,087 24.2 178,906 75.8 235,993 100.0

Exhibit 5B

Origination 
Year

Terminated Censored Total Originations

Count
Percentage 

of Row
Count

Percentage 
of Row

Count
Percentage 

of Row

1989 11 100.0 0 0.0 11 100.0

1990 389 97.7 9 2.3 398 100.0

1991 649 98.8 8 1.2 657 100.0

1992 1,833 97.0 57 3.0 1,890 100.0

1993 2,733 96.1 111 3.9 2,844 100.0

1994 3,761 92.0 329 8.0 4,090 100.0

1995 3,493 89.7 402 10.3 3,895 100.0

1996 4,134 82.8 856 17.2 4,990 100.0

1997 4,456 76.6 1,358 23.4 5,814 100.0

1998 4,642 69.2 2,068 30.8 6,710 100.0

1999 4,833 63.5 2,783 36.5 7,616 100.0

2000 3,693 58.8 2,589 41.2 6,282 100.0

2001 4,543 46.4 5,251 53.6 9,794 100.0

2002 5,183 38.2 8,384 61.8 13,567 100.0

2003 7,277 25.6 21,186 74.4 28,463 100.0

2004 5,983 16.0 31,377 84.0 37,360 100.0

2005 2,416 4.2 54,885 95.8 57,301 100.0

2006 166 0.4 44,145 99.6 44,311 100.0

Total 60,195 25.5 175,798 74.5 235,993 100.0

HECM-Insured Cases by Termination Status as of September 30, 2006
Terminations Include Assignment to HUD

HECM = Home Equity Conversion Mortgage.
Note: Excludes 531 cases with missing data.
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In exhibit 5B, the data are presented using termination status as it appears in the Single Family 
Data Warehouse, including the date that a case was assigned to HUD as a termination event. 
That is, in exhibit 5B, those cases that are assigned to HUD are considered to be terminated even 
if the borrower continues to live in the mortgaged property. From an investor’s perspective, an 
assignment to HUD is equivalent to a loan termination because the assigned loan is bought out of 
the securitization pool by HUD’s payment of the claim. 

Discrete-Time Hazard Model 
Discrete-time hazard models use regularly defined time periods (such as years, months, or other 
units of time) to describe the likelihood of events occurring at various points in time among a 
group of individuals. These events can include loan terminations among a group of mortgages such 
as HECMs. 

A central concept in the discrete-time hazard model is that of the hazard rate. The discrete-time 
hazard rate is the probability that an event will occur during a particular time period to a particular 
individual, given that the individual is at risk at the beginning of the period. In this article, the 
event of interest is the act of terminating a HECM loan. Based on this definition, the discrete-time 
hazard rate is sometimes referred to as the conditional probability of the event occurring during a 
given time period, with the condition being that the individual was at risk at the start of the time 
period.17 A second key concept is that of the risk set, which is the set of individuals (in our case, 
HECM loans) who are at risk of some event occurring at the start of each discrete point in time. 
The risk set is also called the risk exposure.

By grouping together individuals with similar characteristics (such as those having the same initial 
borrower age), we find that the hazard rate varies over discrete-time periods but can be considered 
the same for all individuals in the group at each period. We estimate the hazard rate for the group 
at each time period by dividing the number of events observed during the period by the number of 
individuals at risk during the period.

Another concept in the discrete-time hazard model is that of the survival rate. Survivors are those 
individuals from the original group that have not experienced the event through a given time 
period. The number of survivors expected at the end of a time period equals the expected number 
of survivors from the start of the period minus the expected number of events that occur during 
the period. The expected number of events in a period is the estimated hazard rate for that period 
multiplied by the number of individuals at risk at the start of the period. Absent censoring, the 
number of individuals at risk is equal to the number of survivors at the start of the period. The 
survival rates for the group are the proportions of the initial group that have not experienced the 
event of interest as of the start of each time period. Note that the introduction of censoring in the 
data will require some adjustments to these calculations. See Allison (1984, 1995). 

Constructing Discrete-Time HECM Hazard and Survival Rates
We construct discrete-time HECM hazard and survival rates from the data using the life-table 
method to account for censoring of some of the data.18 The hazard being considered is HECM loan 
termination defined either with or without loan assignments to HUD as termination events. The 
data are right-censored because actual termination dates for loans that did not terminate as of the 
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cutoff date of the study (September 30, 2006) are censored from further observation. The timing 
of the termination and censoring events is based on each loan’s policy year. Policy year is the age of 
the loan in years beginning with the date the loan was originated and insured by HUD. All loans, 
regardless of calendar year of origination, begin in the first policy year. The number of policy years 
observed varies for each loan record.19 The files contain a loan origination date for each loan and a 
termination date if the loan is terminated. If there is no termination date, the loan is considered to 
have survived at least through September 30, 2006. 

The hazard rate in policy year i is estimated by dividing the number of loans that terminated in 
the i-th policy, d(i), by the number of loans at risk, or exposed to the hazard of interest, E(i), at the 
start of that policy year

h(i) = d(i) / E(i).20 (1)

The survival rates in policy year i are computed as follows:

S(0) = 1.0000 (2)

S(1) = S(0) × (1 – h(1)), and in general (3)

S(i) = S(i-1) × (1 – h(i)) (4)

  (5)

The discrete-time survival rates constructed from the discrete-time hazard rates as noted previously 
are analogous to continuous-time hazard and survival probabilities in a continuous-time hazard 
model.21 See Allison (1984).

Exhibits 6 through 9 present HECM hazard and survival rates that have been constructed from the 
HUD database of 235,993 loan-level records. The tables are split into parts A and B. In exhibits 
6A through 9A, the hazard is defined as mortality, move-out, or other voluntary payoff of the loan 
(including refinancing) but excluding assignment of the loan to HUD. In exhibits 6B through 9B, 
the hazard definition is expanded to include assignment of the loan to HUD along with mortality, 
move-out, and voluntary payoff. Three selected age groupings are presented in exhibits 6A through 
8A and repeated for exhibits 6B through 8B: younger borrowers (defined as those ages 64 to 66 
at closing), typical borrowers (defined as those ages 74 to 76 at closing), and older borrowers 
(defined as those ages 84 to 86 at closing).22 Exhibits 9A and 9B pool all the HECM data to 
show aggregate hazard and survival rates for all ages. Within each exhibit, hazard and survivor 
information is broken out for selected borrower types (all borrowers, couples, single females, 
and single males). The exhibits also show the effective sample size for each policy year along 
with standard errors for the estimated hazard rates. Finally, the exhibits show the 2006 general 
population mortality rates for females as determined by the National Center for Health Statistics 
(based on the age corresponding to the midpoint of the age interval illustrated in the exhibit at 
origination) and the ratios of the observed hazard rates to the corresponding U.S. Department of 
Health and Human Services female mortality rates. This ratio is given for illustrative purposes only 
because the underlying mortality rates for each group of borrowers are unknown and will vary by 
group composition. The mortality rate comparison is not presented for exhibits 9A and 9B because 
these exhibits aggregate all ages.
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Exhibits 10 through 12 illustrate the impact of assignments to HUD on loan survival rates for all 
borrowers within the three age groups (younger, typical, and older). The policy year for which 
the assignments begin to affect the hazard and survival rates varies with the initial age of the 
borrowers. Exhibit 13 extends this illustration to borrowers of all ages by pooling all the HECM 
data. Assignments begin to impact hazard and survival rates after policy year six for all borrowers 
and as early as policy year four for older borrowers.

Exhibit 10

HECM Survival Rates—Ages 64 to 66

Exhibit 11

HECM Survival Rates—Ages 74 to 76
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Exhibit 12

HECM Survival Rates—Ages 84 to 86

Exhibit 13

HECM Survival Rates—All Ages
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Findings
The main findings from the data presented in exhibits 6 through 9 are as follows. First, the exhibits 
make clear that borrower age and type, as well as the timing of loan assignments to HUD, all affect 
the hazard and survival rates for HECM loans. Investors in particular need to be aware of the 
impact of loan assignments, because conventional reverse mortgage products do not have a similar 
feature. 

Borrower Age 
If the termination event of a HECM loan is defined in the traditional manner as a loan payoff due 
to borrower death, move-out, or other voluntary payoff such as refinancing, then— 

• Exhibit 6A presents discrete-time hazard and survival rates that show younger borrowers (those 
in their mid-60s at loan origination) are paying off their HECM loans much faster than the 
underlying general population mortality rates for females. Specifically, for all borrower types in 
this age group, payoffs are occurring at approximately 6 to 8 times the female mortality rate. 

• Exhibit 7A shows that typical HECM borrowers (those in their mid-70s at loan origination) 
are paying off their loans faster than the underlying general population mortality rates for 
females but at much smaller multiples (about 2 to 3 times the female mortality rates) than those 
observed for the younger borrowers.

• Despite the wide observed difference in the payoff rates for younger borrowers compared 
with typical borrowers when expressed as multiples of the underlying female mortality rates, 
the actual observed hazard rates for these two groups of borrowers are relatively similar. 
This similarity results, for example, in the 10-year survival rate of a HECM loan to younger 
borrowers being 27 percent and the 10-year loan survival rate for typical borrowers being nearly 
the same, at 26 percent.

• Exhibit 8A shows that older borrowers (those in their mid-80s at loan origination) are paying 
off their loans at much smaller multiples of the underlying general population mortality rates for 
females (about 1.5 times the female mortality rates).

• Despite observed payoff rates at much lower multiples of the underlying female mortality rates, 
older borrowers are paying off their loans faster than younger or typical borrowers are due to 
the higher mortality rates. This faster payoff results in the 10-year loan survival rate for older 
borrowers being observed at only 10 percent.

• Exhibit 9A, which includes all borrower ages, shows a 10-year loan survival rate of 22 percent.

Borrower Type 
The hazard and survival rates in exhibits 6A through 8A also show, as one might expect due to 
differences in gender-specific mortality rates, that single females generally terminate their HECM 
loans more slowly than do single males of comparable age, but not as fast as couples (where the 
younger of the two is of comparable age). For example, the 10-year loan survival rates for typical 
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borrowers (those in their mid-70s at loan origination) are 26 percent for single females, 17 percent 
for single males, and 29 percent for couples.

HECM Assignments 
Because HUD pays the lender an insurance claim equal to the unpaid loan balance when an active 
HECM loan is assigned to HUD, investors in mortgage securities backed by HECM loans should 
consider assignments as termination events. Therefore, investors should define HECM terminations 
as loan payoffs due to death, move-out, other voluntary payoff, or by lender assignment of the loan 
to HUD. HECM termination experience changes in the following ways. 

• First, hazard rates rise and loan survivor probabilities fall due to the loan assignments observed 
by policy year.

• Second, the first policy year for which assignments begin to affect the hazard and survival rates 
varies with the initial age of the borrowers. As shown in exhibits 6B through 8B, hazard and 
survival rates begin to change in policy year nine for younger borrowers, in policy year six for 
typical borrowers, and in policy year four for older borrowers. Before these policy years, very 
few loan assignments are observed.

Appendix

Stylized Reverse Mortgage Trust

A Stylized Trust 
This stylized trust is based on 1,500 identical reverse mortgages. The borrowers are 75 years 
old with homes valued at $100,000. We assume the loans accrue interest at a variable rate that 
is indexed to the 1-year constant maturity Treasury rate if they are Home Equity Conversion 
Mortgage (HECM) loans, or to alternative interest rate indices, such as the London Interbank 
Offered Rate, if they are conventional reverse mortgages. The funding account consists of cash and/
or liquid assets that accrue interest at a lower adjustable rate than the mortgages do. The securities, 
which are collateralized by both the mortgages and the funding account, are current-pay with 
coupon rates that are also lower than the mortgage interest rates.

The loans all have a 50-percent loan-to-value ratio (principal limit) and are structured as line-of-
credit reverse mortgages. The borrowers take out 58 percent of the available balance on the first day. 
Subsequent withdrawals follow the pattern in exhibit 3 where an additional 7 percent is withdrawn 
in the second year of the loan, an additional 5 percent is withdrawn in the third year, and so on. 

Reverse Mortgage 
Borrower Class AAA 

Securities 
$75,000,000

Trust

    Mortgages 
$43,500,000 Balance 

    Funding Account 
$31,500,000

Principal and  
Accrued Interest
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In this example, the aggregated collateral is $150 million of which $75 million is the initial 
principal limit. The aggregate initial loan balance is $43.5 million (based on the 58-percent draw 
on the principal limit) with a remaining $31.5 million of additional credit that the borrowers can 
draw. This additional credit makes up the funding account. 

The securities are rated by a public ratings agency based on a specified stress scenario determined 
by the agency. Because reverse mortgages may not generate enough cashflow under stressful house 
price and interest rate scenarios to support timely interest and ultimate principal payments on the 
securities, the ratings agency will apply ratings criteria corresponding to the severity of the stress 
that the security can withstand. 

If the reverse mortgages are HECM loans that are insured against losses from house price declines 
or rising mortgage accrual rates, then the securities will have considerable protection from stressful 
economics. The flowchart in this appendix corresponds to a HECM security in which there is a 
single class of AAA-rated securities. Conventional reverse mortgages, on the other hand, will have 
much less protection from stressful economics, and the trust may be structured with multiple 
classes of securities, with subordinated classes absorbing sufficient losses to enable senior classes to 
withstand higher stress levels and thereby achieve higher ratings from the ratings agency.

We note that a reverse mortgage security and a traditional forward mortgage-backed security 
(MBS) have similar structures. Nevertheless, MBSs do not have funding accounts because there 
is not a two-way flow of cash between the trust and the borrowers. We also note that alternative 
reverse mortgage securitization structures are under development that would divide each whole 
reverse mortgage loan used as collateral into participations (shares of the loan) and place only fully 
funded participations into the trust so that the trust would have no obligation to advance funds to 
borrowers. In this alternative securitization model, there would be no need for a funding account 
to meet borrower obligations because the issuer of the security would retain these obligations to 
make required cash advances to borrowers. 
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Notes

 1. The maximum claim amount is defined as the lesser of the original appraised value of the 
property securing the Home Equity Conversion Mortgage (HECM) loan or the maximum 
insurable mortgage under the Federal Housing Administration’s (FHA’s) Section 203(b) 
Program. The latter varies by locality and is set to equal 95 percent of the local median sales 
price for a single-family home, subject to a minimum of 48 percent of the Fannie Mae and 
Freddie Mac conforming loan limit in low-cost areas, to a maximum of 87 percent of the 
conforming loan limit in the highest cost markets. Thus, HECM maximum claim amounts are 
currently capped by Section 203(b) limits that range from $200,160 to $362,790. 

 2. When loan balances grow above the maximum claim that the U.S. Department of Housing 
and Urban Development will pay, lenders would become exposed to nonrepayment risk.

 3. The HECM pricing assumptions use the age of the youngest of multiple borrowers and the 
1979-through-1981 U.S. general population life tables published by the U.S. Department of 
Health and Human Services.

 4. The literature also includes work on other reverse mortgage risk factors. For example, Rodda 
and Patrabansh (2005) estimate that the house values of elderly owners (age 75 and older) 
appreciate at real rates that are 1.0 to 1.2 percent less per year than the houses of middle-
aged owners (ages 50 to 74). Similarly, Davidoff (2004) found evidence of real house price 
growth about 3.6 percent lower for homeowners age 75 and older compared with real house 
price growth for younger homeowners. 

 5. Lehman Brothers (2000: 19).

 6. The average payout that HECM borrowers take in the first year is about 58 percent of the 
maximum payment (principal limit) followed by considerably smaller declining payments in 
all subsequent years.

 7. U.S. Department of Housing and Urban Development (HUD) (2003, 2000, 1995, 1992, and 
1990). These reports may be obtained from HUD’s research dissemination service at www.
huduser.org. 

 8. Refinancing a HECM loan is also a voluntary termination. In this case, the debt is paid in 
full from the proceeds of the new loan. In practice, borrowers have had little incentive to 
refinance a HECM, and the data confirm that few HECM refinances occurred during the 
1990s. In 2004 HUD implemented a policy that reduced the upfront mortgage insurance 
premium on HECM cases that were refinanced after the effective date. This policy appears 
to have increased the incidence of refinance cases, particularly because, in addition to 
the reduced premium, robust house price appreciation in many parts of the country has 
increased HECM borrower incentives to refinance. Specifically, for the period from fiscal year 
(FY) 1990 through FY 2004, we identified only 2,256 refinanced cases in the data, which 
represented 2.0 percent of the total 115,472 cases insured through FY 2004. In FY 2005 and 
FY 2006, during which the reduced premium refinance policy was fully in effect, the number 
of refinanced cases was 6,338, bringing the total number of refinanced cases to 8,554, or 3.7 
percent of the 236,500 cases ever insured.
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 9. A detailed discussion of the potential secondary market impacts on the overall HECM 
market can be heard in the audio transcript of an educational session of the National Reverse 
Mortgage Lenders’ Association 2006 Annual Meeting and Expo in San Francisco, September 
28 through 30, 2006. To access this audio file, “Developing a Secondary Market for Reverse 
Mortgages,” use the link http://media.nrmlaonline.org/2006AM/SecondaryMarket.mp3. 

 10. “Structured Finance: Reverse Mortgage Criteria” by Standard & Poors’ Ratings Services, 
New York, 1999. Similar reverse mortgage securities ratings criteria have subsequently been 
published by other public rating agencies: “Reverse Mortgage Securitizations: Understanding 
and Gauging the Risks” by Moody’s Investors Service in 2000 and “Repay My Mortgage? Over 
My Dead Body! – Fitch’s Reverse Mortgage Criteria” by Fitch Ratings in 2005. 

 11. On November 2, 2006, Fitch announced a AAA rating for another HECM security issued by the 
Mortgage Equity Conversion Asset Corporation consisting of $456 million in Class A notes.

 12. Ginnie Mae does not buy or sell loans or issue mortgage-backed securities (MBSs). Rather, 
Ginnie Mae guarantees investors the timely payment of principal and interest on MBSs that 
are issued by private intermediaries and that are backed by federally insured or guaranteed 
loans—mainly loans insured by the Federal Housing Administration or guaranteed by the 
U.S. Department of Veterans Affairs. Ginnie Mae securities carry the full faith and credit 
guaranty of the U.S. government.

 13. As of September 30, 2006. 

 14. The study did not capture any cases originated before September 30, 2006, but not endorsed 
for insurance by that date because reasons for the nonendorsement are unknown.

 15. “Couples” does not necessarily refer to married couples; the term applies to all HECM loans 
with two co-borrowers, irrespective of gender.

 16. “Censored” means the loan did not terminate as of the cutoff date of the analysis (September 
30, 2006). The timing of the termination event for a censored loan is thereby not observed. 

 17. To illustrate the difference between a conditional probability and an unconditional one, 
consider the probability of someone dying exactly at age 95. The unconditional probability 
of dying at age 95 is very low (the vast majority of people die at other, mostly younger, ages). 
Nevertheless, if a person is already 94 years old, the probability of dying in the next year is 
quite large. The latter is a conditional probability of dying at age 95, given one has survived 
to age 94.

 18. For example, the life-table method reduces the number of individuals at risk at the start of 
the period by one-half of the observations that were censored during the period to correct for 
individuals who were exposed to the hazard for less than the full period. A brief summary of 
the life-table method can be found in SAS/STAT® User’s Guide, Vol. 2, Version 6, Fourth Edition, 
Chapter 26, “The LIFETEST Procedure,” p. 1044, SAS Institute, Cary, NC.

 19. For example, a loan that was originated on September 30, 2003, and that had not terminated 
as of the September 30, 2006, censoring or cutoff date would receive a policy year of 
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3.0, meaning that the loan was observed for exactly 3 policy years before it was censored 
from further observation. If a loan originated on September 30, 2003, had terminated on 
September 30, 2005, it would be given a policy year of 2.0, meaning it had been observed for 
exactly 2 policy years before it terminated. Most loans have fractional values for policy years, 
which means they have been observed for some whole number of policy years plus a fraction 
of another.

 20. The following equations illustrate the life-table method’s handling of censored observations. 
Let 

A = the total number of loan records in the database (or a defined subset of the 
database, such as all loans made to borrowers of a given age),

d(i) = the number of loans that terminate in the i-th policy year,

C(i) = the number of loans censored in the i-th policy year (that is, the cutoff date 
occurred during policy year i for these loans), and

E(i) = the number of loans at risk at the start of the i-th policy year.

The life-table method treats all loans that are censored during the i-th policy year as if they 
all occurred at the midpoint of the year. This treatment assumes that censoring is randomly 
distributed throughout the year, and, as such, the average censored loan is exposed to risk for 
half of the policy year in which the censoring occurs. Thus, the risk exposure, E(i), also called 
the effective sample size, at the start of any year should be reduced by half of the censored 
cases during the year. Specifically: 

 E(1) = A – ½ C(1).

Similarly,

E(2) = E(1) – d(1) – ½ C(1) – ½ C(2)

= A – d(1) – C(1) – ½ C(2).

In general, 

 E(i+1) = E(i) – d(i) – ½ C(i) – ½ C(i+1)

    = A - Σ d(j) - Σ C(j) – ½ C(i+1), 

where the summations are taken over j = (1, ... , i).

 21. In continuous time, the probability that an event occurs at exactly time t is infinitesimal. 
Instead, the hazard rate in the continuous model is the limit as s approaches 0 of the 
conditional probability of an event occurring during the interval from t to t + s: 

h(t) = lim  P(t ≤ T < t+s  T ≥ t) / s ,     
          s ® 0
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where T represents the time at which the event occurs, and the condition T ≥ t implies that 
the individual is at risk at time t. If the hazard function h(t) thus defined is continuous, then 
the survival probability S(t) can be expressed by

 

 22. To keep effective sample sizes higher, each age group presented in exhibits 6 through 8 
includes borrowers who were 1 year older and 1 year younger at origination. For example, 
the exhibit for age 65 includes borrowers who were ages 64 through 66 at origination.
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