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not orginate roine moryayes, uiey piay wo ruiesit
mortgage market: They provide credit guarantet
conforming mortgages, which are bundled togett
mortgag-backed securities that are held by c
investors. They also hold mortgages and mort-
backed securities in their own portfoli

The Governmel-Sponsored Enterprises (GSESs) rec
through their Congressional charters a varie
governmer-conferred benefits, including that tr
earnings are exempt from state and local corp
income tax; their securities are exempt from regfir
requirements under the Securities Act of 1933, ak
treated as government securities for the purpdsine
Securities Exchange Act of 1934; their securitie

Foreword
Arne Christenson, Senior Vice President for RegujaPolicy, Fannie Me

dle enyivie 101 uriimiteu imvesuriernt ny ieueidaipsui et
thrifts, national banks, and state bank membetie
Federal Reserve system; and the Secretary of #estin
is authorized to purchase up to $2.25 billion ath
GSFE's securitiesIn addition, extant capital standards
banks assign lower cre-risk weights to mortgac-
backed securities (MBS) issued by Fannie Mag¢
Freddie Mac than for the mortgages themselves,h
raises demand for MBS relative to the underl
mortgages. MBS issued by Fannie Mae or Freddie
are assigned a 20 percent risk weight, relativae 3¢
percent risk weight on whole mortgacg '

In exchange for these benefits, the GSEs alsodawere
constraints. First, their activities are limitedtha

Since their introduction in 1988, the Basel Accdndse gained currency as a framework for prudesk management f

financial institutions. Central to these standaisishe idea that capital should protect financiasiitution solvency agair

unforeseen, even unlikely, losses. One way to aeabapital adequacy is to subject the institutionhe economic equivalent
an engineering stress te— apply severe and sustained pressure to see whigthentity can withstand the stre

Even the reformed Basel standards do not contemplagss testing for any of the three common sewté&nancial institutio
failure: interes-rate, credit and operations ris— and, indeed, do not include interest rate risk l&i

In contrast, Fannie Mé's and Freddie Mé's risk-based capital requirement subjects the companydecad-long “ nuclear
winter” scenario along the intere-rate and credit risk vectors and adds a 30 persafiety cushion for operations risk. If

company can withstand the rigors of such punislaing rare strain, the likelihood is that its capiialmore than adequate to
risk. And the rarer the probability of the scenariibe more likely is the adequacy of the com’s capital

So how rare is the scenario in the test? In 198imér Federal Reserve Chairman Paul Volcker wrbt the possibility ¢
default if Fannie Mae met the test v* remote” To update that analysis, we commissioned Joseglit8{2001 Nobel Priz
winner in economics), Jonathan Orszag, and Petaz8g to examine the likelihood of the -based capital scenario. Th:
econometric analysis found that the probabilitytef stress test scenario is conservatively on@®h@0 and may be smal
than one in three million. As a result, they fihdttthe risk of a default by these companies.ey thold sufficient capital to me

the stress test, “ effectively zer¢

We are pleased to publish this second issue of iEaviae Papers. It adds new analysis of the riskeHa=apital rule an

contributes to the evolving public dialogue on fin&l institution capital standard
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been associate

' Asse-backed securities (including MBS) that carry thgheist or second highest credit rating (e.g., AAAA) are also assigned a 20 percent risk we

Fannie Mae Paperis an occasional ser
on policy issues of interest to the housing comity.

secondary mortgage market; they are not permit
originate mortgages or to enter other lines of iessd
Second, their mortgage purchases and MBS guar
are limited to mortgages below the conforming |6anit
($300,700 in 2002). Third, they are required tot
affordable housing goals set by the Departme
Housing and Urban Development. Fourth, the D+
ment of the Treasury has the authority to appre
GSE debt issues, to ensure that GSE debt issuaet
not interfere unduly with Treasury debt activiti€mally,
shareholders of the GSEs are not free to elethe
members of their Board of Directors; rather, thesitten
has the right to appoint five Directors to each i8ic

Their various special attributes, taken togethavehe«
many observers to believe that the debt of Fanrade
and Freddie Mac carries an implicit guarantee fthe
Federal government, despite the fact that the émmire:
these securities to state explicitly that theyrarebacke
by the full faith and credit of the U.S. governmdn
other words, the belief in an implicit guaranteisex
because of market expectations that, given thei
status, the Federal government would not allow &
Mae or Freddie Mac to default on their obligati

A series of analyses by the Congressional Budghte
(CBO), the Department of the Treasury, and othexs
suggested that the GSEs receive a significant gy
from the government. The most recent study
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assets and 0.45 percent of theirbalance she
obligations and assets. The second is the-baser
capital standard, which is the focus of this arialyBhe
risk-based capital standard subjects the GSEs to a
national economic shock that is assumed to lagefi
years, and requires the GSEs to maintain sufficdepita
to withstand the shock, and requires additionaitabfor
management and operations risk. It also requie
GSEs to hold more capital if they enter into rig
activities, and reflects a comprehensive view efribks
the GSEs could underta

Given the ris-based capital standard, one methc
estimating the expected GSE default costs t
government is to make three simple assumptionst,
assume that the implicit government guarantee oB
debt is equivalent to an explicit guarantee; sey
assume that the ri-based capital standard is enfor
effectively by Office of Federal Housing Enterp
Oversight (OFHEO), which regulates the GSEs:
third, assume that Fannie Mae and Freddie Mac
enough capital to withstand the stress test imposeé
the capital standard. Then the probability that@8E:
become insolvent must be less than the probaliilét e
shock occurs as severe (or more severe) as tl
embodied in the stress test. Note that to the eaf
implicit government guarantee is not fully equivaléec
an explicit guarantee, the expected risks facetihé¢

nnvarnmant winiild ha avannaratad nindar thic ann
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published by CBO in May 2001 and found that Fa
Mae and Freddie Mac received a gross subsidy ab
billion from the GSE statu * Some observers he
interpreted the CBO figures as showing that theegt-
ment faces substantial expected costs from pot«s8a
defaults

This paper does not examine the validity of C's
overall estimate of the cost to the government ftoe
GSEs * other papers have undertaken such an analys
have reached different conclusions than C ° Rather
the purpose of this paper is to provide furtheighsintc

the magnitude of the expected direct costs fror

implicit government guarantee on GSE securitie

analyzing these expected default costs, it is ingmbitc
recognize that the governm’s risk exposure may
significantly reduced by a ri-based capital stand:
recently promulgated by the G regulator

6

The Federal Housing Enterprises Financial Safed
Soundness Act of 1992 mandated the adoption ¢
capital tests for Fannie Mae and Freddie Mac. Tisg £
minimum capital regulation, requires each GSE td
capital equal to 2.5 percent of their-balance she

Implications of the New Fannie Mae and Freddie RR&k-based Capital Stand:

YU VLITHTILHL VUYL VL LAY YLl Uib U ulhivuer Ui appy
because an implicit guarantee provides the govent
with more flexibility than an explicit one; on tlo¢he
hand, to the extent that the 1-based capital standarc
not enforced effectively, the approach would unsié-
mate the expected risk to the governn

The paper concludes that the probability of defawlithe
GSEs is extremely small. Given this, the expe
monetary costs of exposure to GSE insolvenc
relatively small— even given very large levels
outstanding GSE debt and even assuming th
government would bear the cost of all GSE debié
case of insolvency. For example, if the probabiityhe
stress test conditions occurring is less than o
500,000, and if the GSEs hold sufficient capiti
withstand the stress test, the implication is the
expected cost to the government of providing anieik
government guarantee on $1 trillion in GSE deless
than $2 million. To be sure, it is difficult to dpae
extremely lov-probability events, such as the
embodied in the stress test. Even if the analgsidfiby
an order of magnitude, however, the expected odsie
government is still very mode

In particular, the President is allowed to appéimif the 18 members of each board; the other 13lmesrare elected by sharehold

See, for example, Congressional Budget OffFederal Subsidies and the Housing G, May 2001

The CBO methodology does not directly estimateetkigected costs to the government from such potefefaults. Rather, CB's estimated cost to t

government from the GSEs reflects two componerasate not separately estimated: the expectedtdiosts to the government (e.g., from the ris
default by the GSEs) and the opportunity costsobfauctioning the rights to GSE status. C's methodology does not distinguish between thes

components. See Letter from CBO Director Daniepfein to the Honorable Richard H. Baker, July 1D12@ur analysis suggests that

opportunity cost component represents the vastnibajuf CBO's total estimated cos

standard:

See, for example, Miller and Pearce (2001), To2@91), and Cochran and England (20

It is important to recognize that most previousmeates of the risk exposure to the government filoenGSEs did not take into account the recental
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Backgroun

The Federal Housing Enterprises Financial Safed
Soundness Act of 1992 specified several of theild
regarding the ris-based capital standard, and dire
OFHEO to adopt a final regulation implementing
standard by December 1, 1994. In February :
OFHEO published an Advance Notice of Propt
Rulemaking, soliciting public comments on is¢
relating to the standard. In June 1996, OFHEO s
Notice of Proposed Rulemaking (NPR1), which ideed
a proposed historical credit loss experience todesl a
part of the ris-based capital standa In April 1999
OFHEO published another Notice of Propc
Rulemaking (NPR2), delineating the rest of its jusg
approach to implementing the r-based capital standa
The final regulations were issued on Septembe2031
and OFHEO posted final changes to the rule ¢
website on February 20, 20 ’

The GSEs are exposed to both interest rate ris
default risk. A decline in interest rates representisk t(
the GSEs because of prepayments (i.e., refinangiag
interest rates fall, more homeowners refinance
mortgage« affecting the GSFE' cash flows and posin¢
re-investment risk for the GSEs since the new mortg
carry lower interest rates. An increase in interat:
also represents a risk to the GSEs, albeit offardifi
nature, because it induces a decline in the pff
mortgages and an increase in defaults. (The
attempt to manage these risks through a varie
mechanisms, including by issuing callable d
Mortgage defaults also expose the GSEs to risk
stress test therefore embodies shocks on botles
rates and default rates at the same

-\ ORI ¥ - [ SIS PISY S P A SRS I R D)

U.S. populatior ° This assumption of the stress te
severe for two crucial reasons. First, in a larcgnem
such as the United States, different regions e&pet
different economic conditions. The stress test tiwles
applies the worst regional credit loss rate torthon a
a whole. The implied credit loss rate is more tfiae
times as large as the national credit loss rasmjnyea
since 1980. Second, the stress test assumesit
credit loss rate persists for ten years. Even thies:
regional experience did not persist for such a loeigod

The required level of capital is then determinetha
level that allows the GSE to remain solvent in eaat
every quarter throughout the-year stress perioplus
an additional 30 percent to account for managezuet
operations risl

Impact o
Risk-Based Capital Stande

The risl-based capital standard requires the GSEs tc
sufficient capital to withstand a severe and exte
economic shock without defaulting on their obligas
and the level of required capital depends on tlesriha
the GSEs are taking. The required capital cus
provides a significant layer of protection in theet o
severe financial distre:

Probability of stress test environment anc
costs of the implicit guarant

To estimate the probability of a shock as severen@re
severe) than the one embodied in the propose-base!
capital standard, this paper investigates stagibfithe
likelihood of several events involving interestegan:
mortgage credit loss rat * Specifically, historical da

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr
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AS SpeCllieu Dy sldlule, Uie 1-udseu LCapital siallue
involves a 1-year stress period, during which se
interest rate and credit loss shocks occur simetiasly
In particular, the statute specifies two interesé Ishock
(one in which interest rates increase by up tog:
points, and the other in which interest rates dedtly u|
to 600 basis points, and then remain at their eaellIfol
the remainder of the t-year period). In addition, G¢
performance is affected by the shape of the yietgte
(i.e., the level of lon-term interest rates relative to st-
term interest rates); the r-based capital standard ¢
specifies particular yield curves for the two iestrrat
shocks. The interest rate shock and associated glieve
assumption that produce the higher level of reql
capital are then the determinative ones for ce
purpose:

The test assumes that a substantial deterioratioredi
quality occurs at the same time as the interestsfabcks
thenational credit experience is based upon the hic
regionalrate of credit loss over two years in
contiguous area comprising at least five percette

NPR1 also addressed the housing price index ustirisl-based capital standa

See http://www.ofheo.gov/docs/regs/rbcamendfiné

were used to create millions of potential futurersrios
The outcomes of those scenarios were then exant
see whether they were as severe as the assumed.
The events were chosen to proxy the stress testsiet
by the risl-based capital standard. The percenta
scenarios that were as severe as the specifiedsetben
provides an estimate for the probability of thergs
occurring. The details of the estimation procedare
contained in the Appendix. As explained in the Ag-
dix, the available data on credit loss rates weuneh
more limited than the interest rate data. Mucthe
analysis therefore focuses only on changes ines
rates, which overestimates the probability of tiness-
test scenari and thus the expected costs tc
governmen- because it ignores the relatively unlik
credit loss assumptions required by the-based capit
standarc

The estimation was undertaken both condition:
relatively recent observations of interest rates @edi
loss rates, and also unconditionally (i.e., acedt

For a description of thi‘benchmark loss experien” see NPR1. The benchmark loss experience is based3f-year fixec-rate singl-family

mortgages originated in 1983 and 1984 in Arkanisasisiana, Mississippi, and Oklahoma. The resulfi&l-year loss rate is 9.4 perce

Risk Control Limited and the University of Londaoor fhis assistance on the econometric ana

Risk Control Limited of London implemented the ecoretric analysis for the authors. The authors paldily thank Professor William Perraudir

clear that the interest rate shocks embodied imisk-

possible starting points). Table 1 shows the priitiab

based on recent data. Out of three million simaoret based capital standard are extremely unlikely bas

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr
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only 65 contained an interest rate shock as lasdhe historical experience and current conditions. Corat
reduction in the dow-rate scenario, and none contai with the other components of the stress test enmiemt
an interest rate shock as large as the increabe - the probability falls even furth— and becomes so sir
rate scenario. Even without incorporating the ymldve that it is difficult to detect even in as largeimuglation a
assumptions and credit loss assumptions, it iefoe the one conducted he
Probability of stress test conditions given re@adnomic situatic "
Number of cases
per 3,000,000 per 1,000,000
simulations simulations
Down-rate
Initial interest rate change: The ter-year Constant Maturity Treasury (CMT) yield fi
by 600 basis points below the average yield dutfiregprevious nine months, or by 65 22

percent of the average yield during the previouselyears, whichever represer
smaller decline. In addition, the decline cannotrme than 50 percent of the avel
yield during the previous nine mont

Interest rate level maintained: After change above, t-year CMT yield remains at 18 6
below the lower level obtaining after the first tu@months for nine additional yee

Interest rate movement sustained plusyield curve assumption: In addition to th
yield changes described above, the Treasury yialecassumes a specific shape 0 0

12

the final nine years of the stress per

Interest rate movement and benchmark credit loss: In addition to the yield cun
assumptions above, the annual credit loss ratéesamr exceeds 0.9823 percent 0 0

1

remains at or above that level for ten ye

Up-rate

Initial interest rate change: The ter-year Constant Maturity Treasury (CMT) yi

increases by 600 basis points above the averalgedueng the previous nil 0 0
months, or by 160 percent of the average yieldndytfie previous three yee

whichever represents a larger increase. In additi@increase cannot be more |

75 percent of the average yield during the previine month:

Interest rate level maintained: After change above, t-year CMT yield remains at
above the higher level obtaining after the firselwe months for nine additional ye: 0 0

Interest rate movement sustained plusyield curve assumption: In addition to th
yield changes described above, the Treasury yieldecassumes a specific shape 0 0
the final nine years of the stress per *

Interest rate movement and benchmark credit loss: In addition to the yield cun
assumptions above, the annual credit loss ratéesamr exceeds 0.9823 percent 0 0

remains at or above that level for ten ye
TARIF 1

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr
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" This analysis is based on data through Septemlf¥. Between September 2000 and February 2002 ptitant maturity yield for the t-year Treasury secur

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr

has trended downwards. The reduction in interéssrsince September 2000, given the positive aiioel between the variance of interest rates aeid ihitial

level, would tend to make the stress test envirartraeen less likely now than in September 2

? In particular, the yield curve assumes the follggvishape: the yields for themonth Treasury bill, -month Treasury bill, or-year Treasury note, thi-year Treasut

bond, five-year Treasury bond, and twe-year Treasury bond are based on the average yietti respective Treasury security during thequekitay 1986 to Apr
1995, divided by the average yield for the-year CMT during that period, multiplied by the as®d te-year CMT yield. The yields on the bills are expegben i
bonc-equivalent basis. The statistical modeling was #s8sgent than the actual test: All the pointstioa yield curve were allowed to vary by plus or osri(
percent relative to their stipulated valt

“ The benchmark loss experience is based upon dosdits for fixe-rate 3(-year singl-family mortgages. The credit loss rate over -year period under th

benchmark loss experience is 9.4 percent. An argredit loss rate of 0.9823 percent (on the stdakutstanding mortgages in any given year) cumslateer a 1-
year period to a loss rate of 9.4 percent (onnit&l stock of mortgages). The analysis here setie aggregate credit loss rate data from OF's annual report

Congress, rather than the credit loss rate on -rate 3(-year singl-family mortgages. Aggregate credit losses tendetsrhoother over time than Ic-level losse:
so the use of aggregate credit loss rates may Sleading. To test the sensitivity of the resultpatential biases in the credit loss rate data,tare conservative |

reducing the threshold loss rate that would nedskteeached, the analysis was also undertakendiadit loss rate of 0.5 percent per year (rougally the
benchmark loss rate). The results are not sigmifigalifferent, suggesting that any biases createthe definition of the credit loss rate are uelikto be critica
For additional evidence on the likelihood of thedit event, see Fratantoni (20(

In particular, the yield curve is assumed to flat&d remain horizontal for ten years. Yields fa ¢month Treasury bill, -month Treasury bill, or-year Treasur
note, thre-year Treasury bond, fi-year Treasury bond, and twe-year Treasury bond are assumed to converge tet-year CMT yield over the first twel
months of the stress test, and then remain equhetter-year CMT yield over the subsequent nine years. §iélels on the bills are expressed on a l-equivalen
basis.) In other words, the yield curve becomesféiathe final nine years. The statistical modglimas less stringent than the actual test: Allpiats on the yiel

curve were allowed to vary by plus or minus 10 pataelative to their stipulated valu

The probability of an event as severe as the stes Potential Shortcomings int
environment is thus extremely unlikely given re: Risk-Based Capita| Standz

economic conditions. But under other possible enoc ) )
These results regarding the -based capital standard

striking: They suggest that on the basis of his&
experience, the risk to the government from a ptt
default on GSE debt is effectively zero. Given 8tigking
result, it may be worthwhile exploring three potal
shortcomings in the standard. None of the pote

conditions, movements of the magnitude assumedr
the stress test may be more likely: The volatibi
interest rates, for example, tends to be highemvthe
level of interest rates is higher. Since interagts ar
currently at a relatively low level, the probalyilif
severe interest rate shocks mav be lower now tt
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e m e mm e itm mrimmeam ey o a— e -

other times. Therefore, the analysis was also takien
unconditionally— that is, across all possible star
points. The unconditional events are somewhat
likely, but still have extremely low probabiliti@ssoc-
ated with them. As Table 2 below shows, the prdlig
of a severe interest rate shift, sustained oveyéans
combined with high credit loss rates, is effectivetro

shortcomings appears to be significant enoughtéo tie
basic conclusion that the r-based capital stand:
provides substantial protection against insolve

The first potential shortcoming is that the -based capit
standard, while based on a hypothetical econonuck
significantly more severe than anything that thenecny
has actually experienced over the past forty yeasay, fai

to reflect the probability of another Great Depias-like

Analyses were also undertaken to investigat .
scenario. Fundamentally, the extremely rare eventgec

likelihood of the initial interest rate shock (d®basi
points) combined simply with the credit loss
assumption (in other words, excluding the assumg
regarding whether the interest rate change waaises
over nine additional years and the assumptionsdetg
the yield curve shape). Those analyses sugges
simulations that were as severe as the stressities
conditional on recent conditions or unconditioni

in the tail of a distribution are often quite dffilt tc
analyze accurately. Interestingly, however, thed@fb!
Management and Budget tested Fannie’s and Fredd
Mac's capital adequacy in the early 1990s by subje
their business activities to a -year stress test tt
simulated the financial and economic conditionthe
Great Depression. The test showed that if a Dejor
lasted ten years, given 1990 levels of capital b@mnni
Mae and Freddie Mac had sufficient capital to ste:
This result led OMB to conclude that in the evefré
severe nationwide economic downturn, the probgtmfi
either Fannie Mae or Freddie Mac defaulting woud

Probability of stress test conditions across adiggale starting poin

Number of cases

per 3,000,000 per 1,000,000
simulations simulations
Down-rate
Initial interest rate change: The tel-year Constant Maturity Treasury (CMT) yield fi
by 600 basis points below the average yield dutfiregprevious nine months, or by _ ,
percent of the average yield during the previouselyears, whichever represer 49,77 16,59:
smaller decline. In addition, the decline cannobimee than 50 percent of the aver
yield during the previous nine mont
Interest rate level maintained: After change above, t-year CMT yield remains at 29 70¢ 9.90:
below the lower level obtaining after the first tuemonths for nine additional yee T T
Interest rate movement sustained plusyield curve assumption: In addition to th
yield changes described above, the Treasury yieldecassumes a specific shape 0 0

the final nine years of the stress pet

Interest rate movement and benchmark credit loss: In addition to the yield cun

¢ A aman . ~ ~
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Fannie Mae and Freddie R&k-based Capital Stand:

assumptions above, the annual credit 0SS rat@esamr exceeds U.9823 percent
remains at or above that level for ten ye

Up-rate

Initial interest rate change: The tel-year Constant Maturity Treasury (CMT) yi
increases by 600 basis points above the averalgkdtieing the previous nii
months, or by 160 percent of the average yieldnduttie previous three yee
whichever represents a larger increase. In additi@increase cannot be more 1
75 percent of the average yield during the previine month:

Interest rate level maintained: After change above, t-year CMT yield remains at
above the higher level obtaining after the firstlwe months for nine additional ye:
Interest rate movement sustained plusyield curve assumption: In addition to th
yield changes described above, the Treasury yieldecassumes a specific shape
the final nine years of the stress pet

Interest rate movement and benchmark credit loss: In addition to the yield cun

assumptions above, the annual credit loss ratéesaar exceeds 0.9823 percent
remains at or above that level for ten ye

TABLE 2
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“close to zer(” This implies that if Fannie Mae a
Freddie Mac hold sufficient capital to withstane tfisk-
based capital scenario, they would likely fare welller an
conceivable economic environme

A second concern is that while it is extremely kel tha
the risl-based capital scenario would occur, if the-base:
capital regulation is not implemented properly tbsults o
the test may not be robust. Model risk, the likediti tha
the model omits or mischaracterizes important efegme
the real economy, is always a potential problene fode
depends on a large number of data inputs and ptees
each of which is subject to error. To a large etxtér
mitigation of this risk requires that OFHEO accaly

model the true risks that the companies face irettent of .

catastrophic scenario. In addition, the regulatgrsigh

nrannce far tha MCEA~ nAande A ha coffinianths atbAamatal

Conclusiol

This analysis shows that, based on historical da¢
probability of a shock as severe as embodied imitih-
based capital standard is substantially less tharin
500,00C- and may be smaller than one in three mil
Given the low probability of the stress test st
occurring, and assuming that Fannie Mae and Fr
Mac hold sufficient capital to withstand that shpitle
exposure of the government to the risk that the SBit
become insolvent appears quite |

Given the extremely small probability of default g
GSEs, the expected monetary costs of exposure &
insolvency are relatively smé«— even given very lar¢
levels of outstanding GSE debt and assuming tle

government would bear the costs of all GSE debitd

PagelCsurlS
V) V]
22,74¢ 7,582
25¢€ 85
0 0
0 0
5
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problems early. Wallison and Ely (2000) arg"Given the
experience of the 198+ not only with the S&Ls but wit
banks themselve- we should be skeptical about
effectiveness of regulators in controlling the sisk the
companies they regula” * CBO (1996) adds the“ever
though OFHEO has the legal authority and the urtstita
capacity to closely monitor and evaluate the fina
position of Fannie Mae and Freddie Mac, it canmssbly
have access to all of the information the agermisses!”
However, OFHEO does have the statutory author
regulate the GSEs effectively, and also has arootis o-
site presence at both companies. As OFHEO statiés
2001 Report to Congre<‘[t]rained examiners with years
regulatory and industry experience verify the gyainc
integrity of risk management tools, risk measures
financial and management reports, operational ots;
documentation standards, and a host of other qtiaétan:
quantitative judgments. In short, there is no stiistfol
the value provided from examining the Enterprise-site”
The requirement that the GSEs maintain an additicagzita
cushion that is equal to 30 percent of the capétgliired t
survive the ris-based capital scenarios provides additi
protection against model, regulatory, and othésst

In addition, in October 2000, the GSEs volunt:
committed to a series of steps intended to make
financial position more transparent through addai
disclosures and to raise additional capital. Theslede th
issuance of subordinated debt, increased disclesiri¢
compan’s exposure to interest rate and credit
disclosure of a liquidity measure, interim restitsn the
risk-based capital test, and disclosure of an annudit
rating ¥ Moody's described these disclosuresa nev
standar... for the global financial marke¢’ *  This increase
transparency should improve market confidence asmdke
discipline with regard to the GSI

* OMB (1991) and CBO (1991
** Wallison and Ely (2000), pages-31

* Office of Federal Housing Oversight, 2001 Repor€tngress, June 15, 2001, pag-2.

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr

case of insolvency. For example, if the probabiityhe
stress test conditions occurring is less than o
500,000, and if the GSEs hold sufficient capiti
withstand the stress test, the implication is the
expected cost to the government of providing ariek
government guarantee on $1 trillion in GSE deljsy
$2 million.

Two other points are worth noting. First, analysfishe
risks posed by Fannie Mae and Freddie Mac
carefully consider the alternatives. In the abseri
Fannie Mae and Freddie Mac, mortgage risk woulely
be held by large banks and other types of fina
institutions, which themselves benefit from thegegtior
that they ar¢‘too big to fail” Fannie Mae and Fredt
Mac are among the largest financial institutionthi
country. Even in the absence of a GSE chartetikasy
that they would continue to benefit from their sigimce
the government has intervened on behalf of othge
institutions in the pas

Secondly, and more broadly, Fannie Mae and Fr
Mac would likely require government assistance amlg
severe housing market downturn. Such a severerg
downturn would, in turn, likely occur only in thegsenc
of a substantial economic shock. Regardless
structure of the mortgage market, the governmenid
almost surely be forced to intervene in a varid
markets— including the mortgage mark— in such i
scenario. Fundamentally, given the pu's aspirations
homeownership and the myriad ways in which go-
ment subsidies are channeled to homeownershi
government is indirectly exposed to risks from
mortgage market regardless of the existence oGBES
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* “Freddie Mac and Fannie Mae Enhancements to Cagtitahgth, Disclosure, and Market Discipl” released by Freddie Mac and Fannie
(available on both compan’ websites), October 19, 201
** Moody's Investors ServiciNew Freddie Mac and Fannie Mi* Open Boo” Policy: A Positive Credit Developm¢ October 200(
* The simulations above suggest that the probalufity shock as severe as the one embodied in #-based capital standard is infinitesimal. Giver
difficulties in estimating low-probability events, the figure cited in the texirisended merely to provide an upper bound foheathan the be
prediction of, the actual probabili
* Previous examples of government intervention irpsupof private firms include Continental lllinoispckheed, Chrysler, Long Term Cap
Management (although this intervention did notuwie direct government funds), and the recent cssistance and loan guarantee program fc
airline industry
6
Page 7
Appendix: Estimation Detal
The econometric estimation described in this pagless interest rates. The augmented version of the D-
on both yield curve data and default loss t Fuller test (ADF) was used to explore the presarficmit
. . . roots “ Twelve lags were used, which seemed appro)
Yield curve data for the United States are avadaer .
. ) given the frequency of the data. The null hypothel
long period (since December 1958). The length € . . . .
) ) ) nor-stationarity cannot be rejected, suggestin
data series allows an important econometric adganti . .
. presence of a unit root. The series were therdiit-
facilitates use of the -called bootstrap approach to . ) .
. . differenced, and the first differences appeareuk
Monte Carlo simulations. The bootstrap approa .
. o . stationary (see Tables A.3 and A.4). However, Téb8
important because the distribution of interest . o
. . _“ . . B suggests that the hypothesis of normality is repbdtr
innovations is“fat-tailec”; assuming a normal distributi - . ]
. . ) . particular, there is clear evidence of leptokus
is therefore inappropriate. Instead of making san o ) .
) highlighting the benefits of the bootstrap techei
assumption, the bootstrap uses the actual ermostéon
the estimated vector autoregressive moving av Three different approaches were attempted to etgithe
(VARMA) models of teryear interest rates and inte relationships among the variables: (1) Johansg
rate spreads to generate interest rate movemetite Engle-Granger, and (3) a vector autoregression (V
Monte Carlo simulatiol method in whicta priori long-run relationships we
. . . . imposed. Of these, the first two proved unsatisigctor
The other input into the Monte Carlo simulati d'ffp ) ( below) pth third apipr
. . . ifferent reasons (see below), so the third approa:
involved credit losses. Credit loss rate data famrite P
) . adoptec
Mae and Freddie Mac were obtained from OFt
nithliratinne hiit are anlv niihlichs availahle anamiiz 1 The 1nhancen annrnz: Inhancen techniniiec nn
http://209.85.135.104/search?g=cache:cy9UgY sjWskd\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr  16/11/200:
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basis from 1983. Given the short time serie
estimation approximation was necessary. Our app
was to assume that changes in log credit loss dafesn:
linearly on their first lag, a constant, and lagémeg
interest rates. This relationship was then usquheso
the Monte Carlo simulations. In particular, to estte
the probability of the events involving credit lasses
the analysis simulated interest rates using théshag
method and, conditional on these, simulated thetedi
loss rate assuming independent and normally diget
innovations. This approach, although imperfect,the
advantages of parsimony and incorporation of ce-
tions between interest rate and credit loss ratats

Yield curve modellin

Seven time series were used in the yield curvesire
modelling: the consta-maturity yield for the thre-
month, si-month, on-year, thre-year, five-year, ter-yeal
and twent-year Treasury securitit “ The yields o
Treasury securities at constant fixed maturityceevec
from composite quotes reported by U.S. govern
securities dealers to the Federal Reserve Banlew
York. To obtain the constant maturity yields, thredsur
Department constructs a yield curve each businey
and yield values are then read from the curvexat
maturities

The frequency of the yield data used in the estonag
monthly; the data extend from December 19¢
September 200 “ Tables A.1 and A.2 provide desc-
tive statistics and the unit root tests for theelg\o:

N L KIS ST IO T VT R U O I O ROV TRTIV IV IR

yields were applied, but problems emerged in the
distribution of the residuals was r-normal and
was hard to eliminate autocorrelation in the resisl
The distribution of residuals is quite importa@
make accurate inferences and forecasts frol
cointegration analysis in multivariate systemss
essential to determine correctly the numb:
cointegrating vectors. Testing for reduced |
depends heavily on the distributional assumptid
the noise

2. The Engle and Granger appro: The ne¢-arbitragr
principle suggests that in the long run, pointsig
the yield curve should be cointegrated an
particular, there should be only one cointegr:
vector. If this is the case, the Engle and Gre
approach seems to be a viable technique to ste
long-run dynamics of the yield curve. When
approach was implemented, the hypothesis
cointegration was decisively rejected regardleshe
rate selected as dependent variable in the coatiac
equations. This finding suggests two importantes:
(1) which lon¢-run relationship is to be used in
vector error correction model (VECM) form of
model, and (2) the dynamic specification of
VECM. It was not possible to eliminate
autocorrelation by introducing a reasonable nunof
lags in the dynamic specification of the VEC
Furthermore, the application of the Johansen app
suggests the presence of one or more cointeg
relationships, even if these results must be ratt
due care. This approach thus did not appear aosis

* For a description of vector autoregressive moviverage models, along with the bootstrap technigee Hamilton (1994

* The data were obtained from the Federal ReservedBafsGovernor:

* Missing observations were imputed in the followmgnner. First, the thr- and si-month constant maturity yields for the period Debeml1958 t

December 1981 were imputed using the time seriethéothre- and the si-month Treasury bill rates, respectively. Second,2t-year constai

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr
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marturity yieia esumartea py e vepariment o1 uneasury was interruptea petween January 1Lys/ aoeerseer 1yys. For mnis perioa or ume, mist

data were interpolated by averaging the- and thirty-year constant maturity yielc

* For a discussion of unit roots and the augmentettdy-Fuller test, see Hamilton (199

3. The VAR approa:: Given the previous results, -
analysis explored a dynamic specification capaf
dealing with the nc-stationary nature of the data
the lon¢-run relationships between the yield:
focused on the dynamic of the first differencehz
ter-year bond and the adjacent spreads, i.e., thed
between the six and the three months, the s
between the one year and the six month yield, a
on. Economic intuition suggests that these sp
should be stationary over time. Tests fol
stationarity of these series were conducted anttl
not reject the hypothesis. Extensive data an:
suggested a VARMA (4,1AX =c+a AX +a AX +
a,AX  t+a AX , +be ,wherethe.  isa (7x1) vectc
containing the spreads and the first differencthe
ter-year yield anc is assumed to be independe
distributed. (The analysis still discovered ins&so
statistical evidence for autocorrelation, but the i
the phenomenon was negligible.) The estimatic
the VARMA was carried out in two stages. In thet
stage, a VAR (4) was estimated and then, in therss
stage, a VAR (1) on the residuals of the first stagu
estimated. The main attraction of this approact
that it avoided the necessity of imposing any itis-
tional assumption on the error ter

Credit loss rate modelil

The other important modelling issue involved thedd
loss risk. Two complications arose: First, the @riecss
rate must always be n-negative and may depend uj
the interest rate. Second, the available datassesd
short. The first point motivated modelling the lofgthe
credit loss rate as depending on its lagged valdeoe
the lagged value of the log of the -year yield
d=a+pd  +yr +oe wherec and are the log of tf
credit loss rate and the -year yield, respectively. T
error term was assumed to be normally and indivig
independently distributed with a mean of zero ¢
variance of one. This formulation has two advars:
First, it models the relationship between the driedi
rate and the lor-run end of the yield curve in a sim
fashion. Second, it facilitates simulations of tnedi
loss rate distribution conditional on a path faz theld or
the ter-year bonc

The time series estimation was undertaken usinGRE,
whereas the bootstrap and Monte Carlo calculatises
the Gauss matrix programming language. The
code is available upon request to the aut

Descriptive Statistics for Interest Rate [
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Tem3m Tcm6ém Tcemly Tcem3y Tcmby Tcml10y
Mear 6.11788:! 6.40488( 6.55103I 6.94039! 7.10440. 7.257471
Std.Devn 2.73134 2.73413! 2.75725| 2.61791 2.57367! 2.54261
Skewnes 1.33499 1.25199 1.23108- 1.10652( 1.03505: 0.90403:
Excess Kurtos 2.13341. 1.71642 1.58804 1.14807- 0.90446. 0.52170:
Minimum 2.320001 2.590001 2.81000! 3.23000! 3.47000( 3.710001
Maximumr 16.88000 16.38000 16.72000 16.22000 15.93000 15.32000
Normality ? ’ 209.33 [0.000]** 195.32 [0.000]** 194.93 [0.000]*t61.2 [0.000]** 144.52 [0.000]** 114.27 [0.000]**38209 [0.000]*

The time series used are: the three (Tcm3m) ansith@cm6m) months, the one (Tcm1ly), three (Tcm8yg
(Tcmby), ten year (Tcm10y) and twenty year (Tcm2@y)stant maturity yield. The data are from Decanmi9&8 tc
September 2000. The frequency is monthly. Thisstagports the descriptive statistics for theseeseand the result 1
the normality test, which is rejected for all tira¢ series. Skewness and excess kurtosis are tequeto for a standa
normal random variable. The ** indicates significarat 1% level. -values for the normality tests are in sq!

brackets

Tcm20y

7.35306:
2.53245(
0.78340:
0.29927!
3.74000(

15.13000

PagelSs surlS
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Lag
12

11

10

2

1
TABLE A.2

Mear
Std.Devn

Skewnes

http://209.85.135.104/search?g=cache:cy9UqgY sjWskii\sbgo.com/Papers/fr-v1i2.pdf+fmg-v1i2.pdf&hl=fr&ct=clnk&cd=1&gl=fr

Tcm3m

-2.015¢

-2.347¢

-2.208"

-2.338%

-2.121¢

-1.876¢

-1.888¢

-2.464:

-2.364:

-2.397¢

-2.387:

-2.9899’

Critical values: 5% =-2.868 1% =-3.446; Constant included

Tcmém

-2.094¢

-2.3521

-2.119¢

-2.154¢

-2.112¢

-1.8171

-1.862¢

-2.407¢

-2.261¢

-2.29¢

-2.319¢

-2.9166°

Stationarity Tests for Interest Re

Temly

-2.04¢
-2.333¢
-2.035!
-2.013¢
-2.063¢
-1.835!
-1.822¢
-2.377:
-2.121¢
-2.211¢
-2.201:

-2.85¢

Unit-root tests

Tcm3y

-2.008¢
-2.175¢
-1.979¢
-1.898:
-1.931¢
-1.748:
-1.779¢
-2.108:
-1.906:
-1.980:
-1.911:

-2.460:

Tcmby

-1.956¢

-2.073%

-1.928¢

-1.819¢

-1.842¢

-1.726¢

-1.721%

-1.996¢

-1.7¢

-1.868:¢

-1.756¢

-2.273¢

This table summarizes the results of the ADF tiestthe different constant maturiyield series
constant and lags up to 12. The * indicates sigaifce at 5%

Descriptive Statistics for Changes in Interest Red&

Dtcm3m

0.00660°

0.51618:

-1.65981i

Dtcm6m

0.00612:

0.49875.

-1.60107!

Dtcmly

0.00566!
0.48505-

-1.398701

Dtcm3y

0.00459

0.39985:

-0.83215!

Dtcmb5y
0.00421:
0.35503:i

-0.48336:

Tcm10y

-1.840¢

-1.99¢
-1.855¢
-1.761:
-1.765¢
-1.668:
-1.667¢

-1.841
-1.655¢

-1.68¢
-1.582¢

-1.934¢

. We have include

Dtcm10y

0.00387.
0.29987!

-0.46806!

Tcm20y

-1.854¢
-1.964¢
-1.815¢
-1.775¢

-1.77¢
-1.709¢
-1.699¢
-1.806¢
-1.642¢
-1.647¢
-1.579i

-1.872:

Dtcm20y

0.00445:
0.27221i

-0.30384.
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Excess Kurtos 21.38785 17.15618 13.79176 8.29688! 6.25691! 6.00752.
Minimum -4.79000! -4.46000! -3.910001 -2.58000! -2.03000! -1.76000!
Maximurr 2.710001 2.29000! 1.900001 1.960001 1.86000! 1.610001
Normsality? : 652.34 [0.000]** 456.89 [0.000]** 382.44 [0.000]296.67 [0.000]** 257.79 [0.000]** 245.46 [0.000]269.54[0.000]*

TABLE A.

The time series used in this table are the fif¢dince of Tcm3m, Tcm6m, Tcmly, Tcm3y, Tcmby, Téyanc
Tcm20y, denoted by, respectively, Dtcm3m, Dtcm6renily, Dtcm3y, Dtcm5y, Dtcm10y and Dtcm20y. Thislé
reports the descriptive statistics for these senkthe result for the normality test, which igcéed for all the tim
series. Skewness and excess kurtosis are equaiadar a standard normal random variable. Thentficate
significance at 1% level.-values for the normality tests are in square brisx

Stationarity Tests for Changes in Interest F

1 lnit vand dambn
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U= UUL LESLS

Critical values: 5%=-1.94 1%=-2.57

Lag D3m D6m D1y D3y D5y D10y D20y

12 -5.9412% -5.9298* -5.8794* -5.8013* -5.6966** -5.6611* -5.7183%
11 -7.2350% -6.7065** -6.6439* -6.1629* -5.9677* -5.8554** -5.6708*
10 -6.3691* -6.1394* -5.9655** -5.8334* -5.7758% -5.4883* -5.4177%
9 -7.1309% -7.1989* -7.2536* -6.7549* -6.5250** -6.1976* -6.2481%
8 -7.0202** -7.4534% -7.7739% -7.4696* -7.3514* -6.9221* -6.7399**
7 -8.3184* -8.0884** -8.0422% -7.7558* -7.6649** -7.2644% -7.1003*
6 -10.529** -10.545** -10.039** -9.4586** -8.9466** -8.3742% -7.9625*
5 -11.887* -11.590* -11.376* -10.225* -9.8334* -9.0663* -8.6265*
4 -9.7545* -9.6093* -9.2960** -9.1942% -8.9697* -8.6261* -8.5170*
3 -11.433% -11.514* -11.824* -11.529* -11.345* -10.885** -10.755*
2 -13.078* -13.190* -13.183% -12.801* -12.424% -12.132% -12.266**
1 -16.274* -16.133* -16.491% -16.617* -16.625* -16.294** -16.138*

TABLE A4

This table summarizes the results of the ADF tiestthe first difference of the various constantungy yield series
We have included a constant and lags up to 12*Tidicates significance at 5% and the ** indicaségnificance at 19
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