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Abstract of Praxis

Mitigating Risk in Retail Prime Money Market Funds:
Capital Buffer Sizing and Pricing

Money market fundare investment vehicles that purchase stesrh debt
instruments issued by financial and Aorancial corporations, state and local
governments, and government entities. Money market funds are imgorthet
financial system as theyrovideas an alteative to shorterm bank loans for firms, and
asdeposit accounts for investors. During B@®8financial crisis the Reserve Primary
Fund failed, and the U.S. Treasury responded with unprecedentedhiges:; thereby
putting taxpayer dollars at risiostcrisis, the Securities and Exchange Commission
instituted reforms for U.S. money market funds.

The purpose of this research is to shed light on mitigating risk in U.S. retail prime
money market funddVe believe that the post crisis reforms institutgdhe Securities
and Exchange Commission are inadequatetfzeiduture bouts of financial stress will
result in fund failures or additionedunds of government led support. Through the use of
stochastic simulation this work shows that the post cie$sms are insufficient and do
not adequately protect against future retail prime money market fund failures. This work
suggests losabsorbing capital as a viable mechanism to enhance the resiliency of U.S.
retail prime money market funds. The proposagital buffer is coupled with an orderly

wind-down mechanism that alleviates the destabilizing nature of fund failures.
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Chapter 16 Introductio n

Money marketfunds (MMFs) are investment vehicles that purchase-s&ont
debt instrumentsncluding those issued by corporations seeking to manage cash needs
In turn, institutions and retail clientelavest inMMFs. Important tathe financial system
MMFs serve as alternatives to shtetm bank loans and deposit accounts, for firms and
investors According to the Office of Financial Research (OF&) independent bureau
within the United States Department of Treasury, total Vddgets stood at $3u@lion
as of montkend September 2019 (OFR, 2018jith theU.S. Gross Domestic Produaft
$21.54¢trillion as of monthkend September 2019, MMF assexseedl8% of all finished
goods and services produced within the courBryréau & EconomicAnalysis BEA],
2019) In their 2019 fact book, the Investment Company Institute (ICI) reports total assets
in U.S. registered investment comparoé€$21.4 trillion,andMMF assetf
approximately 18% of this total (ICI, 2019h sum, MMF assts are sizeable.

While MMFs mayseem to be mundane pooliedestment vehicleshey
contributed substantially to the 2008 financial cri$iseir role in the financial crisis
prompted reforms that many deem inadeqbatause thamendmentdo not solve the
problem of MMF fraility (Fisch, 2014). The purpose of this research is to shed light on
the extant risk in retail prime MMFs, and to provide recommendations for mitightihg
risk with capital buffers actingsea reservéhat absorbs lossels what follows, we
provide lackground, research motivation, problem and thesis statements, research
guestions, objectives, hypotheses, the scope and limitations of this work, @arehaaw

of the organization of the remainder of this praxis.



1.1Background

Financial markets brintpgether buyers and sellers to facilitate the efficient
allocation of capital in an econonfyinancial intermediariesuch agommercial banks,
investmem banks, mutual funds, and pensions (both defined benefit and contribution)
connect buyers with sele Investors us®MFs to earn a rate of interest in a pooled
investment vehiclewhile preserving access fan immediate return of capital upon
demandInvestors viewMMFs as safe because MMFs gm®fessionally manageahd
invest in shorterm, highly ated debt instruments issued by governments and
corporationsFurthermore, MMFs are mutual funds regulated by the Investment
Company Act of 1940, and Rula7 promulgatedy the U.S. Securities and Exchange
Commission (SEC) in 1983 and amended severaditnereaftelRule 2a7 focuss on
portfolio requirements for MMFs regarding their sensitivity to interest rates, corporate
borrowing costs and credit wthiness, liquidity, and diversification

On September 15, 2008 Lehman Brothers filed for bankruptdyoa September
16, 2008 thdReserve Primary FUn@RPF) a retail prime MMF, failed. This failure
forced the U.S. Department of Treasury to stabilizegh#re financial systenmcluding
programs focused on MMF$he public viewedhese programasextrenely
controversiabecausehey put taxpayer funds at risk (Wilson, 201B)e publicobjected
thattaxpayemoney used to bail out financial institutiomsght not be paid back in full.
Given the size, importance, and unprecedented support afforded MMkg the
financial crisis, the SE@mendedRule 2a7 in each of 2010 and 2014 (SEanuary 27,
2010; SECJuly 23,2014) These postrisisamendmentsere aimed at enhancing the

resilience of MMFsThe 2010amendmentocused on enhancing liquidity and dite



guality and shortening maturity limit$he2014 modificatioraddressedtructural
considerations, including mandatitigatinstitutional primeMMFs use a floating net
asset value (FNAV)However, the SEC allowed retail prime MMFs to continue using a
constant net asset value (CNAV) based on amortized cost accoukgingth most
regulation, the instituted reforneensideedthe views of both regulators and industry
lobbyists Many academicand regulatorbave since criticized theformsas insufficiet
for mitigating future MMF failures (andnyassociated taxpayer funded bailouts)

This praxis examines the risk in riégfarime MMFs and suggests leafsorbing
capital as a viable mechanism for decreasing the likelihood of fund failures during
unfavordle financial market conditionn this work we simulate retail prime MMF net
asset values (NAVs) using stress testimgaveral scenario®ne scenario ia repeat of
the 2008 financial crisis, with two others designed by the Board of Governors of the
Federal Reserve System (FRB) for the Comprehensive Capital Analysis and Review
(CCAR), which is apostcrisis, regulatorymandated, annually required stress test for
large financial institutions
1.2 Research Motivation

The 2008 financial crisisignificartly testedthe resilience of MMEdn that
crisis, one large MMF failed, and investors subsequently, and somewhat maiately,
sought to redeem (i .e. withdraw their money)
redemptions resulted in the sale of assetsecalledfifire-sale prices b alsoincreased
MMF risk aversion, depriving companies of the ability to finance theortterm cash
needs, thus straining the entire econo@iyen the importance of MMFsgluring the

crisisthe U.S. Governmerunched programs aimed at stabilizing MMFs and twerall



financial systemPostcrisis the SEC instituted reforms aimed hbsng up MMFs
thereby making MMFs more resilient and able to withstand future cribegostcrisis
reforms have since come underutiny from academiand regulatoras being
insufficient.

In this praxiswe examine the resilience of retail prime MM®ghile the post
crisis SEC reforms served to strengthen MMFs, they resulted in a fragmented
marketplacef retail prime MMFsandinstitutional prime MMFsRetail prime MMFs
are bought and sold at a CNAV artil sise amortized cost accounting, while
institutional prime MMFs changed to using FNAVhis work shows that retail prime
MMFs are susceptible to financial turmoil, and thattfmisis reforms are insufficient
Retail prime MMFs that employ CNAV are gabt to indiscriminate redemptions {so
calledrung in the presence of financial stress, as first movers are paid $1.00 in full for
$1.00 of principal investedBut, with a deteoration in asset values, laggards who
redeem late may receive legshe fun d i Sthedwlko This occurs with a declinef
more thars0.005in portfolio value Upon breaking the buckhe MMF can no longer
avail itself of amortized cost accountingdait effectively fails With the U.S.
government having rescued several MNH2008, investors may also believe that there
is an implicit government guarantee, thereby creatirgpiedfimoral hazara The
usual relationship between risk and returnissaited when the SEC puts its thumb on
the proverbial scale and selects itlggame MMFs as somehow special and allowed to
use a CNAYV (Birdthistle, 2010Thus, our motivation is to shed light on the fragility of
retail prime MMFs, and offer advice towastors, financial managers, and especially

policymakers.



Money marketfundsare not bankdut act similarly as they take investment
dollars, effectively lenishg through the purchase of shoerm debt securities, peg a
rate of return to the investand allowng for redemptions (investor withdrawals) on
demandWhen first ofered, MMFs did not offer cheaekashing ATM access, or other
banklike features, as they had FNAMghich are unpredictabl®&ut, the MMF industry
introduced such features afteowing to CNAV, thereby making MMFs seem quite like
banks (Birdthistle, 2010Bankstake deposits, make loans, pay interest to depositors, and
allow for withdrawalsBut U.S. bank deposits are insured by the Federal Deposit
Insurance Corporation (FDIC), vdh is an agency created by tieeleralgovernment,
and which charges for degit insuranceThrough the crisigperiod Temporary Guarantee
Program folMMFs, the U.S. Department of Treasury insured about $2.7 trillion in MMF
assets for a small fee, arguabblow what the market would have charged, and with
U.S. taxpayers the ultinmguarantofU.S. Department of the TreasuSeptember 19,
2008. As such, one can easily argue that banks with deposit insurance and MMFs that
benefited from a government batds should be evaluatesimilarly asit pertains to
failures stemming from credit losses.

We suggest capital buffers as a viable means of enhancing the resilience of retail
prime MMFs, mitigating the risk of MMF assets declining by more than $0@&aitd
buffers are reserves that wouldwseto absorb losses beyond a certain amdtort
example, for a fund -thebackd wao ufludn do twhi etrhwias ec afipbir
in place coulccontinue to meet redemptioasthe agreed upon $1.00 for a sigrafit
period of time This may potemally befor the duration of a crisis period, and until

redemptions slowed and underlying asset prices recovBretktermine the appropriate



sizes of capital buffers, our wodppliesstress testo MMFs using (compur)
simulation. For each fund exanaith, a 99.9% confidence interval is established to be
consistent with the Basel Committee on Banki
i ncrement al ri sk charges, which &n turn are
migration (credit rating changeahd credit losses (Basébmmittee on Banking
Supervision 2009).
1.4 Problem Statement

Regulatory reforms instituted after the financial crisis of 2008argficient to
prevent retail prime MMF failures, with negad consequences for investors,
corporations that rely on funding through commercial pg@#t) markets, and regulators
who can again be faced with orchestrating controversial fund bailouts.
1.4 Thesis Statement

Through the simulation of retail prime MMFAVs based on fund issuer
information changes in interest ratasdcorporate borrowing costs, a transition matrix,
recovery rates, redemptions, and transaction costs, it is shown thatipigsteforms are
insufficient to prevent fund failures with a.9% probability, and that lossbsobing
capital buffers are necessary to enhance the resiliency of these funds.
1.5 Research Objectives

The objectives of this research include providing valuable insight into the
fragility of retail prime MMFs for reglators to contemplate for future reform aimed at
strengthening this segment of the market educating financial managewhorely on
CPmarkets to finance shetérm cash neds and 3.) better informing investorgho

invest in retail prime MMFESOur oljectives are aimed at those directly involved with



retail prime MMFissuers ofCP, which include sponsorsordinary investorsmanagers
tasked with cash management to fund imieey, supply chains, and d&y-day
operationsand those focused on the sonass of the overall financial system
1.6 Research Questions and Hypotheses
This praxis consideriteequestions that guide our research and the simulation
approachhat is emjoyed:
f Research QuestonlHave the SEC6 s MMF reforms of
retail prime MMFs resilient enough to absorb losses of $0.005 with a 99.9%
probabilityin accordancevith the Basel Committee on Banking Supervision
requirement on banks?
1 Research Question 2in making retail prime MMFs more resilientpesthe
proposed losabsorbing capital buffer size increasithaf undés sensi ti vi
to interest rateandcredit spreads
1 Research Question 3in making retail prime MMFs more resilientpesthe
proposed losabsorbing capital buffer sizedecreas with an increasing
numker of unique issuers?
The hypotheses for the praxis include:
1 Hypothesis 1:The distribution of NAVs generated using simulation shows
that retail prime MMFs can decline in value by more th@/905 and
therefore fail with probability greater than 0.1%.
1 Hypothesis 2:The capital buffer necessary to absorb losses of $0.005 at a
99.9% confidencenterval is positively relatedtofaund 6s sensi ti vity

interest rateandcredit spreads



1 Hypothesis 3: The capital buffer necessary to absorb losses of $0.005 at a
99.9% confidence interval reegatively related to theumber of unique
issuersaandinfluenced by correlation among the issuers

1.7 Scope of Research
This research is focused on retail prime MMFs as they continue to use amortized
cost accounting and maaih a CNAV. The SEC reform of 2Qlcreated a dichotomy
where institutional prime MMFs use a FNAwhdretail prime MMFs use a CNAWe
believe that thislichotomy is troubling as both institutional and retail prime MMFs
invest in very similar instrumentsjech that transactions hystitutional investors can
impact value®f securities held by retail MMFs and therefore potentially harm retail
investors But our focus remains squarely on the resilience of retail prime MMFs and
their pot ethaebucakldo tion fshrreeassksed financi al mar k e
1.8 ResearchLimitations
While only a single MMF failed during the 2008 financial crisis, the reader will
find thatsponsors of funds (e.g. banks) purchased assets from their funds at values
greater than would have occedrwith a sale in the marketpladehi s A spo&dsor supfr
is discretionary and problematas it could give rise to ebalance sheet capital
requiremats for sponsors, but during the financial crisis it served to prop up funds that
would have otherwise ilad (Brady et al., 2012; Moody £2Q10) Similarly, programs
implemented by the U.S. Department of Treasury greatly assisted the MMF industry and
preempted failuresHowever these programglaced taxpayer dollars at risk (McCabe et
al., 2012) With sporsor and government support, only one fund ultimately failed during

the financial crisisAs such, we do not have a rich set of fund failures to use to validate



our model However, there is enough information on the single failed fund and certain
others toconduct case studies to establish the reasonability of our modeling method
Finally, usirg degenerate inputs and analytical approximations, we can firmly establish
the soundness of our simulation approach.
1.9 Organization of Praxis

The remainder of thisrpxis includes four chapterin Chapter 2we provide a
literature review thatontainsseveral sections including the gengkistory, and
essential®f MMFs, the 2008 financial crisis and MMFs, thestcrisis SEC reforms and
criticisms,andmethodologral considerations related to this reseaimapter 3 is
focused on methodology wherewletail our simulation approach. This necessitates a
discussion of transition matrices, the stylized statistical behavior of financial asset prices,
and recovery rateln Chapter 4we present our results, supported by several tables and
figures In Chaper 5 we provide conclusions and consider them in the context of the
extant body of research related to MMFs, highlighting our contributions to the literature

Lastly, we provide recommendations ahdughts orspecific areas for future research.



Chapter 20 Literature Review

2.1The Genesis, History, and Essentials of Money Market Funds
The Banking Acts of 1933 (Glasgteagall) and 1935 prohibited interest payments

ondemand deposits and authorized the Board of Governors of the Federal Reserve

System (FRB) to set interest rate ceilings on time and savings deposits. Regulation Q of

the Barking Act of 1933 set interest rate ceilings that prevailed for much of the 20
century. Increases in interest rates from the late 1960s through the 1970s highlighted a
need for financial innovation that would earn investors higher interest rates. Agctrdin
a transcript from a roundtable on money market funds (MMFs) and system(8EEk
2011), former Chairman of the Federal Reserve Paul Volcker stated that:
fil happened to be there at the birth of money market funds. It was pure
regulatoryarbitrage. Banks could not pay interest on demand deposits. So,
there was a gap in the marketich was filled by money market funds
saying, " We'l/l pay you interest, and
i's a shadow bank. 0
Many point to Regulation Q d@ke impetus for the creation of MMFs. Interest rate
regulation was abolished in 1986. In ##¥0s, interstate banking barriers ceased. Then
the Financial Services Modernization Act (GrarheachBliley Act) repealed the
Banking Act of 1933 (GlasSteagal).
With the backdrop of Regulation Q, the Reserve Primary Fund (RPF) MMF
began to offer sharés the public in 1972. By 1974 there were few funds in existence.

Growth followed with increases in interest rates. By the end of 1975, 35 MMFs held $4
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billion in assets (Cook & Duffield, 1979). As three possible advantages of MMFs, Cook
and Duffield (199) identify economies of scale, liquidity and divisibility, and
diversification. They asserted that MMFs likely fill a vacuum in the financial system and
will continue to enjoy success, even without Regulation Q. Indeed, MMF assets
continued to grow andand at$3.8 trillion as of monttend September 2019 (OFR,
2019.

Investors view MMFs as alternatives to bank deposits that often offer higher
yields. However, the are important differenced/hile regulated banks use a
combination of deposits, equity, addbt financing to originate loans, MMFs accept
investments and provide shaéerm financing through the purchase of debt instruments.
Additionally, the FDIC safguards bank deposits, while MMFs are uninsured. Banks and
MMFs stand ready to meet withdrawéledemptions), but only the former has access to
the Federal Reseni@iscountWindow that allows eligible institutions to borrow on a
shortterm basis. MMFs mustell assets into a secondary market to meet redemptions.

MMFs are classified according to iestment focus. Some invest primarily in
government securities, others in-@xempt securities, and others in highly rated, short
term debt issued by corporatioi$e investment focusf MMFs leads naturally to the
taxonomy of government, teexempt, angbrime MMFs. With postrisis reforms
instituted by theJ.S. Securities and Exchange Commission (SH@)ye is currently
greater granularity in taxonomy with iitstional prime and retail prime MMFs,
institutional taxexempt (i.e. municipal or muni) anetail taxexempt, and government
funds that may or may not allow for fees and gates associated with redemptions. In

Figure A1-1 we depict the assets by type oM.
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In the U.S., MMFs are generally opended which means that subscriptions or
redemptions i@ directly with the fundln the U.S., MMFs initially had a floating net
asset value (FNAV) but upon petitioning tBECthe industry received an exemption
providing permission to use amortized cost accour(@igithistle, 2010) In contrast to
markto-market, amortized cost valuation allows a fund to buy and sell shares at $1.00
regardless of the market value of the underlying assets, which may be worth tbss. Wi
the adoption of a constant net asset value (CNAV), MMFs further enhanced their stature
as sirrogates to bank deposits. With a CNAV, MMFs employ penny rounding, which
allows the fund to value its shares at $1.00 unless the true net asset value (NAsdecl
to $0.9949 or increases to $1.0050. Given a CNAV of $1.00, it seems logical to redeem
shaes at $1.00 before others dq swovided one anticipates a decline in value greater
than $0.005, where an MMF may lomger avail itself of amortized cost aceing and
is said to Bbeaaknghéhkbubkcé i s a ihicardinal
generally result in a failure followed by litigation.

Of the different types of MMFs, only prime funds experienced significant turmoil
during the financial é¢sis of 2008. This is unsurprising as prime MMFs invested in
commercial paper (CP) issued lyrgorations (i.e. noffinancial and financial) and
shortterm asset backed commercial paper (ABCP) issued Hyatdhcesheet conduits
set up by banks to purclalngterm asset backed debt instruments financed by ABCP.
Commercial paper is sheterm, ursecured debt with a maturity no longer than 270 days.
Asset backed commercial paper is CP backed by underlying assets which may include
credit card receivablestuglent loan debt, mortgages, and other collateral. Prime funds

also invest in floating rate tes, certificates of deposit, U.S. government obligations,
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repurchase agreements, and other assetschsistand with the SEC amendments to

rules governing MMB, only government, retail teexempt, and retail prime MMFs
maintain a CNAV. In FigurgA.1-2 and A1-3 wesummarizehe instruments held by

prime MMFs with thdfirst figure focused on asset types and the second on issuers of CP.

There exists a strong link between MMFs, banks, and financial firms. Banks and
financial firms are sponsors of MMFs ey set up fund vehicles and offer these
investments to clients. Banks and fical firms are large issuers of CP, which figure
prominently in the portfolios of prime MMFs. In Table Allwe provide information on
parent issuers greater than 1% of tasdets for prime MMF®rime MMFs invest
heavily in financial CP including oblaions issued by ned.S. entitieTable A.11).

The vast majority of academic research on MMFs is after the 2008 financial crisis
and aimed at detailing the role of MMFs hetcrisis, the SEC reforms of MMFs in 2010
and 2014, and criticisms of the regtadry regimeThe research also delves into the
genesis of the 2008 financial crisis, including the role of ABCP, transmission
mechanisms that infected banks and MMFs, andrgavent actions in support of
financial markets and various participants. Withh eanphasis on the risk of retail prime
MMFs, we highlight select papers focused on this topic.

Koppenhaver (1999ptindthat funds that engaged in greater risk taking through
the purchase of agency and CP holdings rewarded investors with higher retlerthevhi
funds enjoyed larger inflows. Exploring fee waivers by MMFs, Christoffersen (2001)
finds evidence that fund managers use waivers to enhance performance and expected
fundinflows. Kacperczyk and Schnabl (2013) examine MMFs over the-2000

period.They find that funds had ample opportunity to enhance their risk taking, and those

13



that did were rewarded with greater inflows, as flows were highly responsive to fund
returns.The RPF increased its risk profile and garnered substantial inflows overQthe 20
to mid-2008 time period.

In a technical report that became the basis for a speech, Rosengren (2012)
highlights that during the European debt crisis, 23% of prime MMFs beldises of
issuers, sponsors, or liquidity providers with credit default SZ&)55) spreads between
20071 300-basis points (i.e. 2%3%). As a reference point, Rosengren (2012) notes that
the U.S. government fivgear CDS spread was-B@sis points ahe same time.
Rosengren (2012) also notes that 4.5% of holdings by prime MMFes of issuers with
CDS spreads in excess of 4068sis pointsPrime MMFs remain substantially exposed to
nontU.S. financial institutions and we note that this has been tleesgase prior to the
2008 financial crisigTable A.x1).
2.2Money Market Funds and the 2008 Financial Crisis

The 2008 financial c¢crisis would be more a
Cr i si s pointto cettaimeventsin 2007 as the firstgghaf the crisis that was
followed by turmoil in September to October 2008 and policy actions that did not fully
stabilize markets until early 2009. In a prescient paper, Case and Shiller (2003) suggested
that t here was a fbubThéyasedsurmeystthideusedd ondaui ng mar k
metropolitan areas including Los Angeles, San Francisco, Boston, and Milwaukee
Moreover, they usethformation on other markets and results from a prior survey related
to housing price increases in the 1980s followeddxlines in the earl¥990s Case and
Shiller (2003)foundthat for many states income growth, falling interest rates, and

reduced financing costs fully explaidincreases in housing prices. The authdése a
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foundthat there were elements of abubblsin ngl e fami |y homusing
this casecharacterized by purchases fueled by potential future price increases, and
strongly influenced by wordf-mouth. Finally, Case and Shiller (2003) concllitieat,

in somefrothy markets, housing prices dikely to fall, and the consequences can be
severe.

Ramskogler (2014) tradehe origins of the financial crisis from leinterest rates
resulting from FRB actions associated with the burst of the technbldaple in equity
markets, to a savings glut ald fueling still lower interest rates through the purchase of
U.S.Treasury debt. Lower interest rates fueled a demand for mortgages and packaged
securities whose cash flowserederived from mortgage paymis. Such securities were
eagerly purchased bydbke seeking higher yields in the low interest rate environment.
Banks enthusiastically participated in securitization and as they sdidlancesheet

assets they reengaged in the crgéiterating proceshistitutional investors devoured

wi t |

securitized detb With the creation of ofbalances he et fAspeci al pur poseo

purchased assets from banks through the issuance ctastmrasset backed commercial
paper (ABCP), banks were arguably less foduse underwriting standards. With banks
extendingdines of credit and other support to the special purpose entities they created,
credit ratings agencies regarded stterin ABCP issued by these conduits as relatively
safe. But cracks appeared in 2007 awaild later infect financial intermediaries
includingbanksandsoal | ed Ashadow banks, 0 such as
of ABCP,and CP issued by financial firms. Investment banks are different from their
federally chartered bank brethren asftirener use assets to finance their -daxgay

opeaations while the latter rely largely on deposits. Investment banks financed-day
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operations through repurchase agreements or
lending standards deterioratetdamortgage payments faltered, repo financingipéed
and in turn lefinvestment banks without ample liquidity to fund eayday operations.
When investors soured on complex securities backed by loans, banks were left holding
large amounts of troublemksets. As this unfolded, MMFs reduced theichase of
ABCP and CP issued by financed norfinancialfirms.
GortonandMetricKk 2012) highlight the Apanicso t he
the market for ABCP, the implications for MMFs, and the policy responses by
government officials. The authgpsint out that in contrast to a traditional run on a bank
where depositors withdrawegdositsen massegthe 2008 financial crisis was a run on the
shadow banking system which includes those entities that function similar to banks but
without deposit insurare and access to thederal ReservidiscountWindow. Mishkin
(2011) divides the finacial crisis into two phaseshe subprime mortgage crisis and the
global financial crisis. According to Mishkin (2011), the collapse of the investment bank
Lehman Brothes, the near collapse and bailout of American International Group, a
company that inged complex instruments based on subprime mortgages, the run on the
RPF, and the initial failure to getii@ubledassetrelief plan through Congress, took the
crisis glokal. Both Gorton and Metrick (2012) and Mishkin (2011) point to issues in the
subprimemortgage market in early to mRDO7 as the starting point of the cridrs.
Figure 21 we trace the origins of the financial crisis as detailed by Ramskogler (2014)

andaugmented by the works of Mishkin (2011) and Gorton and Metrick (2012).
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- Fed lowers rates post tech bubble
- Savings from abroad used to purchase purchase securitized assets deemed investors reduce purchases of debt

Low interest rates, lo
mortgage rates fuel
housing market

2000 - 2004

U.S. debt drives rates lower

- Housing purchases possibly driven

by future price increases

Banks purchase and
originate loans to
securitize, investors
search for higher yield

2002 - 2007

- Investors search for higher yields &

loans to eager investors

safe by credit ratings agencies

Mortgage
delinquencies increasq
special purpose entitie|

have trouble

2007 - 2008

- Mortgage delinquencies increase ¢

linked to mortgages

- Lending standards decline as banks seSpecial purpose entities cannot roll

over short-term ABCP

Infects

ABCP, CP, Investme
banks, banks,
financial markets, reg
economy

2007 - 2009

- Shoddy lending impacts market

for ABCP, CP, and firms ability tc

finance day-to-day operations

- The government steps in to provi

support through several progran

- Banks support special purpose entitiesaimed at stabilizing the financial

system
Source: "Tracing the origins of the financial crisis" by Ramskogler (2014). Mortgage delinquency increases confirm
Federal Reserve Data repository sponsored by the Federal Reserve Bank of St. Louis www.fred.stlouisfed.org.

Figure 2-1. Tracing the Origins of the Financial Crisis

Even with evidence ditress in the market f&t{BCP issued by special purpose

entities, the RPF increased its exposure to ABCP from zero to approximately 47% of its

assets and held®3¥ % of its porfolio in ABCP when it failed on September 16, 2008
(Akay et al., 2015). For the RPF, this aggressive portfolio positioning was in stark
contrast to its conservative past where it purposely avoided CP. However, as the RPF
embraced risk, thierm was rewardd, becoming the fastest growing money market fund
family over 2006, 2007, and 2008. According to Akay et al. (2015), as of February 28,

2006 the RPF held 77% of its assets in certificates of deposit, 19% in repurchase

agreements, 3% in fltiag rate notesand 1% in asset backed securities. As of December

1,

2007,

t he

RPF

hel

d $375
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$65.44. Increasing its exposure to Lehman, on March 3, 2008 the fund held $775 million

in CP and mediurterm notesasé h ma n 6 s

stock

proi

ce

decl

i ned t

its failure, the RPF held $785 million in Lehman short term debt, as the stock price slid

further to $19.81 and then effectively zero upon filing for bankruptcy (Akay et al., 2015).

exposure to Lehman, the RPF grew from $28 billion to $64 billion fvtay 31, 2007%0

Prior to failure ad upon increasing its exposure to ABCP and i6@&tuding
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May 31,2008 I nvestors rewarded the RPFO0s risk

even as stis in the finanal markets was already evident.

With 1.22% of its assets in Lehman short term debt instruments, the failure of the
fund was sealed when Lehman Brothers Holdings Inc. filed for bankruptcy on September
15, 2008 Upon the failure of Lehmanhé RPF was inuraded with redemptions. By
September 16, 2008 fund investimasdemption requests totaled $40 billion or about
62.5% of the $64 billion MMF. As a result, the RPF suspended redemptions and notified
investors that its NAV had fallen to $0.@Xkay et al., 20%). According to the financial
crisis major events timeline as provided in Gorton and Metrick (2012), the failure of the
RPF followed the collapse of several mortgage underwriters and problems in mortgage
and credit markets in August 200hieh led to thdailure of two Bear Stearns hedge
funds and suspension of redemptions from a third.

Failure of the RPF precipitated other failures, acquisitions and downgrades. BNP
Paribas halted withdrawals from three of its investment funds (Kacperc3gh&abl,
2010).There was a run on Countrywide, a subprime mortgage originator. With stress in
the mortgage markets, Citibank took seven structured investment vehicles back on its
balance sheet in December 2007, which prompted the launch of a Federaé Rese
program aimd at promoting liquidity. In March 2008, JP Morgan Chase bought Bear
Stearns with Federal Reserve assistance. Later in 2008 there were downgrades of
monoline insurers MBIA and AMBAC and the federal government took over mortgage
giants Fanre Mae and FreddiMac.

The reaction to the failure of Lehman Brothers Holdings Inc. bankruptcy was

swift. McCabe (2010) reports thastitutional investors acted immediately with prime
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MMF assets declining by $450 billion (21 percent) over the four wieegmning on
September 10, 2008. Given the importance of MMFs to investors and corporate issuers,
regulators acted quickly, implementing several programs aimed at stemming contagion
emanating from the MMF industry. On September 19, 2008 the Federal &eserv
announced thAssetBacked Commercial Money Market Mutual Fund Liquidity Facility
(AMLF:FRB, September 19, 2008). The U.S. Treas
Money Market Mutual Funds (TTGMMMF) was announced on September 29, 2008 and
was open to eligibl®MFs that had MVs greater than or equal to $0.9975 as of
September 19, 2008).S. Department of the TreasuSeptember 12008. The Federal
Reserve Bank of New York announced the Commercial Paper Funding Facility (CPFF)
on October 7, 2008 (FRB, Octabg 2008) and the Money Market Investor Funding
Facility (MMIFF) on October 21, 2008 (FRB, October 21, 2008). The AMLF was aimed
at providing liquidity to the market for ABCP. The AMLF program focused on extending
norntrecourse loans to U.S. depositorytitugions and banks to finance their purchases of
ABCP from MMFs. With MMFs holding large amounts of ABCP, the AMLF provided
bankswith the ability to purchase assets from MMFs to facilitate redemptions. The
TTGMMMF guaranteed that shareholders would nex&i1.00 upon redeeming from an
MMF. The guarantewas made possible hige Exchange Stabilization Fund that was
established by th&old Reserve Act of 1934 and had approximately $50 billion in assets
(U.S. Department of the Treasury, 2008 T h e F RBa¥ided £ligutdiy backstop

to U.S. issuers of CP through a special purpose vehicle (SPV) that would purchase short
term CP andABCP from eligible issuers. The MMIFF provided funding to special

purpose vehicles to purchase CDs andM@R maturities 0o©0 days or less issued by
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highly rated financial institutiondRB, October 21, 2008). Put simply, the AMLF,
CPFF, and MMIFF wereimed at increasing liquidity and the TTGMMMF reduced runs
on MMFs as it guaranteed the $1.00 NAV.

Anderson and Gascon (200@yiewedthe history of CP and describe the
structure of the market and the connection to MMFs. The authors also document the
growth and contraction of ABCP, and the various government programs aimed at
providing liquidity for CP and ABCRacperczyk an&chnabl (2010) discuss the basics,
supply, demand, the crisis, collapse of the CP market, and the government response.
AccordingtoKacperczyk and Schnabl (2010), the Fed
support of CP and MMFs resulted in the direct purchags&#Poh an amount of $370
billion and a guarantee of MMF investments worth about $3 trillion. Covitz et al. (2013)
document runs ithe market for ABCP. Using crosgctional data and a regression
model, the authors determine the probability of an ABCPraprogxperiencing a run
based on program and sponsor characteristics. The authodttiat programs with
weaker liquidity supporrom sponsors and lower ratings were more likely to experience
runs as defined by sheerm creditors refusing to roll matng debt holdings. Consistent
with other authors, Covitz et al. (2013) note that bank sponsors provided explicit and
implicit suppat to ABCP programs thereby further straining financial institutions.

The financial crisis exposed the fragility of MMFs ahdir importance to the
financial system. Banks are both sponsors of MMFs and issuers of CP purchased by
MMFs. Financial institutns set up the conduits that issued ABCP. MMFs were the
largest purchaser of the shtgtm debt necessary to keep thesdiestafloat. With stress

in the ABCP market, MMFs pulledack, thereby leaving banks vulnerable as they
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provided support to the cduits they created. While banks purchase explicit deposit
insurance through the FDIC and have access to the Federal ResamentWindow

which facilitates shorterm borrowing, MMFs are susceptible to runs anddllipped to

meet largescale redemptianthrough the sale of illiquid CP. Investment banks also

proved fragile with their reliance on their inventory of securiielsorrow cash through
repurchase (i.e. repo) agreements. With the demise of Bear Stearns and Lehman Brothers,
Goldman Sachs and Mgan Stanley converted to bank holding companies and Merrill

Lynch was acquired by Bank of America.

While only one MMF faild dur i ng the crisis, many mor e

bucko without sponsor support andidiyover nment

for CP and ABCP and providing direct guarantees aimed at reassuring fund investors of
their ability to redeem at $1.0 a Federal Reserve Bank of New York staff report
focused on a proposal to mitigate systemic risk in MMFs, McCabe et al. (2@i/&)ga

table of MMF NAVs over the period September 5, 2008 to October 17, 2008 for those

funds that participated in the TMMMF. Table A.12 is a reproduction that shows that

on those days for which NAVs are imel uded,

n

NAVs) below the $0.995 value at which a fund

longer be able to meet redemptions &i&0 NAV. Using the Freedom of Information
Act (FOIA) request, Wilson (2019) finds that 358 funds or groups of funds (e.g.l@& sing
bank may sponsor several funds) took advantage of the TTGMMMF. The author
provides a list of the participating fund sporssalong with the amounts insured which

total to $2.7 trillion and include 146 unique sponsors. Table3ANilson (2019) also
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notes that the insurance fees paid were well belagewhich would have been charged
by the market.

Sponsors support their MMFs ensure the gorward viability of the franchise
and to guard their reputation. Sponsor support-saxl controversial, and especially
problematic for banks that are at once receiving assistance from the federal government
through capital injectionghile at the same timasing funds to purchase distressed assets
from MMFs at face valuéAccording to Pierce and Greene (201B)a July 2012 speech,
the head of the SEC mentioned that in they&8r history of MMFs there halween over
300 instancesdf ponsor support to prevent MMFs from
(2012) provide a list of those sponsors that supported their MMFs over the 2007 to 2011
time period. We include this in Table A4l The authors identify 7&ihds which
received spons@upport, 123 instances of support, and a total amount of support of $4.4
billion with many instances where the amounts were far larger than thastpoints in
decline at which ti me &ool®BR01Y also dotumdrnisrae ak t he
long hidory of sponsor support for MMFs.

Government programs coupled with many instances-bioadsponsor support
lend evidence to the assertion that MMFs are fragile. After the financial crisBEthe
amendedrule 2a7 in each of 200 and 2014 (SEC, 2010; SR014)with the goal of
enhancing the resilience of MMFs.
2.3 Post Crisis SEC Reforms and Criticisms

The SEC amended Rule-Zaof the Investment Company Act of 1940 following
the financial crisis. There were two major rule chemghe first in 2010 andhe second

in 2014. The 2010 reform soughtdortail risk taking by increasing the minimum
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percentage of assets in highly liquid securities, limitng/aMF 6 s exposure t o | o
guality securities, reducing the weighted averagturitg (WAM) limit from 90 to 60
days, and imposing a |limit on the weighted a
120 days. The amendment also required periodic stress testing, specifying key elements
of an analysis and monthly reporting requireménitsnot demanding a partiar model.
The amended rule also required the continued reliance on Nationally Recognized
Statistical Rating Organizations (NRSROs) but also necessitated that funds conduct
independent credit analysis of every security purchaleel new rule took effe@0 days
after publication in the Federal Register (SEC, January 27, 2010). The 2014 reform was
aimed at reducing runs on MMFs and requires that institutional prime aeddapt
fundsinstitute a floating rate net asset valudlfv). With this change, in#utional
MMFs were no longer able to use amortized cost accountingahtbvalue their
securities using markdtased factors and redeem shares at the FNAV. Finally, the rule
change allowed funds to impose fees and gateagitimes of stress (SEC,IY23,
2014).
With the reforms debated prior to adoption, it did not take long for academics and
policy makers to level criticisnirior to the 2014 SEC reform of Rule-Zathe Financial
Stability Oversight Council (FSO®lovember 13, 2012) sought comrhen its
suggested recommendations aimed at addressing structural vulnerabilities in MMFs. The
FSOCG6s pr op orsFAIAVsa 1Porcapitalbdfferglusaa minimum balance at
ri sk (MBR) requi r e me highesbaccouhtdalue in exaedss har e h ol de
$100,000 during the prior 30 days to be held back for redemption for a 30 day period, or

a 3% NAV buffer that would serwe absorb dayto-day variations in fund NAVs and to
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mitigate the likelihood of runs. The FSOC atssommended tailoring a NAV buiff to
the risk of a fundds assets. The SECO6s 2014
funds, but it created a dichotomy with retail prime;ésempt, and government MMFs
maintaining a CNAV. Given that institutional iestors were quick to flee prinMdMFs
during the financiatrisis, but retail investors did not redeean massgthe logical
conclusion is that the SEC does not view the latter as potentially destabilizing. However,
with government programs announced othlgrsly after the failure of thRPF, we
cannot know how retail investors would have reacted given more time.

A |l arge body of research criticizes the &
Birdthistle (2010) argues for all MMFs to haweRINAV or an insurance fédy that
guarantees deposits MMFs. The author criticizes the continued reliance on credit rating
agencies that rated many of the securitized debt instruments that contributed substantially
to the financial crisis. According to Birdthistle (2010), sparency would serve to
alleviaie moral hazard and systemic risk, link risk and return, and level the playing field
asthe SEC has deemed retail MMFs to be a special ThgeeSEC reform of 2010
required enhanced reportingcluding reporting h e A sdr taud NAV ®f MMFs. In
a propasal shared with the SEC the Squam Lake Group (2011),-partisan group of
academic economists, suggests the same three alternatives as the FSOC but stresses that
their preferred alternative is a capital buffer. Locke lamcke (2012) examine the flow
of assets into funds to determine if investors take account of shadow NAVsS when
allocating to MMFs. The authors use data obtained from the required SEC monthly form
N-MFP and the subsequent publication of shadow pricesamthe ncy 6 s EDGAR

website. Based oam sample of 106 funds over the period from November 30, 2010 to
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August 31, 2011 the authors find no evidence of a correlation between MMF shadow
prices and changes in total assets. In a follow up study that uses a largler siafunds
and distinguishebetween retail and institutional investors, Locke et al. (2013) further
confirm a lack of correlation between shadow NAV reporting and investor flows.
Kacperczyk and Schnabl (2012) found that over the 200010 time perid, fund

inflows were highly respnsive to returns.

In a paper aimed at the forthcoming SEC reform of 2014, McCabe et al. (2013)
propose an MBR to mitigate systemic risk and other issues that arise from runs on
MMFs. The MBR seeks to ensure that some portif an investds balance iséid back
and therefore subordinated. McCabe et al. (2012) provide a simple example of the MBR.
Suppose there are two investbrgestor landinvestor 2each with $100 in a funditia
total value $200Assume th&® 6 'Y v Psothat each can only redeem $95 immediately
andthey must eacleave $5 in the fund for a minimum period of 30 d&yssumealso
that one day hence, upon hearing of a distressed asset that constitutes 2% or $4.00 of the
fund valuelnvestor Iredeems her aviable balance of $95. With the sale of assets and
requisite costs of 20 cents, the fund value is now $104.80 and with 105 shares its shadow
NAV is $0.9981 (i.e. $104.80/105). On the following day the distressed asss?%80
of its value 01$3.80.The btal loss is nov$4.00 including the initial amount due to the
redemption and costs from sales. The total fund value is $101 and with 105 shares the
shadow NAV is $0.9619 (i.e. $101/105)n v e s batance i osth $4.81, and
| nv e s bdarce i2A9, and they have both shared in the $4.00 loss of the fund. In
short, the MBR is a method to allocate losses for a distressed fund where the fund

Abreaks t he buclkvestor Wad sold alkbof h€rishads and réceived
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$1.00 pesshare and #distressed asset thentl85% of its value, the entire loss amount
would beallocated tdnvestor 2 One argument against an MBR is that it generally
applies to all investors who may allocate cash to MMFs precisely for their safety and
immedacy.
Gordonand Gandia (2014) examine the history of MMFs and find that cross
sectional variation in the rate of runs is explained by two factors which are the yield and
whether the fund is sponsored by a bank. The authors do not believe that runs and
instability canbe alleviated throughnde NAV but rather state that 0
is the only alternativeo (p. 329). Pierce an
should be able to suspend redemptiortbeit discretion and for any period time.
While the authorgive consideration toapital buffers funded by subordinate debt or
equity, they conclude that it would bmo expensive. As with mamgsearch papers
theirs is bereft of modeling and offers no estimate of the size or cobuéfea Fisch
(2015) argud strongly in favor of requiring sponsors to support their MMFs. By
requiring sponsor support, the autBaggestedhat senior managers would be more
disciplined in their oversight and that portfolio managers would be more @ogstin
their risk taking. Using a regression model, Akay et al. (20dimdthat those MMFs
t hat participated in the governmentds AMLF p
Their research suggestthat the issues for MMFs were less relateddoitlity and more
focused on asset quality and valuation. The authorsepldkdt the SEC reforms are a
partial solution toward making MMFs more resilient badrid thathe continued reliance
on credit rating agencies is troubling and the switch to ah\Fioes little as the

instruments held by MMFs are often illiquid.

26



Hanson et al. (2015) evaludt®IMF reform proposals and pogedto subordinate
capital as the preferred means by which to enhance the resilience of these funds. Their
work consideedotherproposals including the MBR, FNAV, increased transparency,
liquidity fees and redemption gates. The researcheggestedhat an MBR is similar but
noted that capital buffers can be provided by more risk tolerant investors who, in turn,
receive approprie compensation. According to Hanson et al. (2015), an issue with an
FNAV is that the underlying assets of MMFs include commercial paper, certificates of
deposit, and other instruments that are highly illiquid. The illiquidity makes pricing and
valuation dffficult and leads to significant costs upon liquidation. There is nothing about
an FNAV that precludes a ruwhile a CNAV introduces a firgnover advantage,
informed investors and those that are risk sensitive may still flee a fund with an FNAV in
thepesence of distress. Hanson et al. (2015) «
fees, gates which may prove problematic as any hint of a suspension of redemptions may
trigger a run. Furthermore, funds that gate are not likely to survive, thereby
disincertivizing managers to implement a gate. Lastly, the authors note that gating by one
fund can lead to a run on other funds.
In determining the size of a subordinated capital buffer, Hanson et al. (20di5) use
the Vasicek (2002) large portfolio loan model @otlve for thepth percentile of the loss
distribution for a hypothetical prime MM@Appendix A.2) The authors explain that the
Vasi cek model i's a Atool for transl ating con
theory into the credit portfolio context wieelosses on individual positions tend to be
binaryo (p. 1013). I n empl oyn nwg@ basthis model , t

value iscommensurate with the Basel Committee on Banking Supervision requirement
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on bankgBaselCommittee on Banking Supesion, 2009). To compute the percentile

value of the portfoliad | such that probability of loss) o n

homogeneous portfolio equals i 0 0

n

n,

t he

bon _3B

afni miitnel y | ar geo

aut horoés empl oy

(2.1)

In Equation (2.1) is the lossgivendefault,” is the asset correlatioh,is the annual

probability of obligor defaultz O is the standard normal cumulative distribution

function, and3  Jis its inverse. As a base case, the authors assung,” 1@,

and“ 8t o PThe inputs are based oretfact that the losgivendefault for Lehman

Brothers Holdings was about 90%, themage pairwise correlation for U.S. based stocks

is .25 but prime MMFs tend to hold financial firms and are therefore likely more highly

correlated, and the annual defgquibbability is consistent with credit rating agency data.

In Table 21 we provide amxample of the base case calculation and the subordinated

capital buffer required for a prime MMF for a range of correlation and default obligor

probability values. Whileomputed independently, the results in Tabler@atch those

of Hanson et al. (2015)

Table 2-1. Capital Buffer Values via Vasicek Model and Hanson et al. (2015)

Base Case
# of Issuers 100 Obligor Default Probability (p), Percent Per
p 0.03% 0.01% 0.02% 0.03% 0.04%  0.05%
r 50% 30% 0.77% 1.36% 1.88% 2.36% 2.81%
@a-n 0% Correlation 40% 1.14% 2.03% 2.83% 355% 4.23%
p 0.999 (r) 50% 1.50% 2.77% 3.90% 4.93% 5.90%
MMF AUM 100 60% 181% 349% 5.04% 6.47% 7.81%
K(p) 3.90% 70% 1.92% 4.07% 6.12% 8.06%  9.90%

Source: Inputs are as per Hanson, Scharfstein, and Sunderam (2015).

Hanson et al. (2015) determine that a capital buffer of 3.90% is adequate should

the probaility of an MMF breaking the buck of 99.9% suffice for policymakers. They

assume 99% to be consistent with banking regulation. From Equation (2.1) and Table
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2-1 we can see that | is an increasing function @ff h_hand” . We note that while
Hanson et al. (2015) use reasonable assumptions for their modeling, the Vasicek (2002)
model is premised on the fact that each obligor defaults only if a random variable falls
belowa threshold and the joint behavior of the random variables is multivariate normal
with equal correlation. The model is also called the Large Homogeneous P dLiftHp
model as it assumes that a portfolio has an infinite number of obligors each vagmtae
principal amount, probability of default, and recovery rate (or loss given default which is
one minus the recovery rate). Finally, the model takes accoontyflefault and not

credit migrations or other relevant details.

In a paper aimed at crisoof reforms, the former Chief Economist of the SEC
determines that small capital buffers could generally absorb daily fluctuations between a
fundds s ha diamortided CostaCNANV (Lewis, 261 Lewis (2015)also
suggests that a far larger buffemecessary to deal with defaults and a sizeable buffer
would make returns to prime MMFs comparable to deflneét government counterparts.
Lewis (2015)develomda parsimonious model which is used to determine daily prime
MMF values based on a combinatiof riskfree (i.e. defaulfree) and risky zergoupon
bonds and their duration which is a measure or interest rate and spread (i.e. corporate
borrowing cost) sasitivity. The author assurd¢hat the physical (for characterizing price
behavior) and riskeutral (for the valuation of claims) processes for interest rates and an
intensity process that characterizes the credit risk follow independent Cox, Ingacoll, a

Ross (CIR) (Cox et al., 1985) meeaverting, squareoot, diffusions given by:

X Il — O Qo , O (2.2)
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In Equation (2.2)@ is the instantaneous state varialilés the measreversion rate—is

the longrun rate to which a state variable reverts (itgtaim mean),, is the standard
deviation of the state variable, a@ are infinitesimal increments of Brownian nii

By simulating spot interest rates and the intensity process in the physical measure, one
can obtain the physical level of spotarest rates and then value the holdings of an MMF
using closedorm solutions to value claims under the figdutral mease. Using

historical data on U.S. Treasury yields and AA rated gieom financial debt,_.ewis
(2015)determines the physical paratar estimates for each of the spot interest rate and
intensity rate processfrom which he derives riskeutral estimate3.hrough simulation,

the author determines the mean fpassage time until the difference between the
shadow price (i.e. true NA\Gnd amortized cost value (i.e. CNAV) falls below a
particular threshold.ewis (2015)usal a 36Gday holding period for portfolios that have
60-day durations. The authasdindt hat a pri me MMFOGS mean ti me
is 359.77 days. Based on 2068imulationslewis (2015)concludel that a prime MMF

has a decline of 5Pasis points owea 360day time horizon 0.28% of the time with its
mean time to occurrence 359.77 ddggurn,a 60basis point capital buffer is adequate

to absorb dayo-day fluctuations in value but that funds with concentrations would
require far larger buffers wth would be prohibitively costly.

While more granular than the work of Hanson et al. (2Q1é&)is (2015)uses a
combination of idealized portfolios in conjunctiaiith certain attributes obtained from
Form N-MFP which are required reports for MMFs. BMiVIFs are complex and while
there are common attributes, the use of AA rated spreads to estimate an intensity process

ignores the distribution of issuer ratings. Sarly, Lewis (2015)discussedecurities and
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bonds and gives short shrift to issuers wigesingle fund may hold many securities or
bonds of the same parent issuawis (2015)also assumes that the rate and intensity
processes are independent. In spegkd the prohibitive nature of a capital buff@wis
(2015)implicitly assumes that allgk is eliminated to the point that prime MMF returns
mimic those of government funds. Thigesnotneed tdoe the case am individual
could reduce riskuchthatwith 99.9% confidence a retail prime MMF does not fail.
Retaining some amount of risk wisult in returns that exceed those of government
funds.

In a paper focused on examining risk taking in institutional prime MMFs after the
SEC reform of 2014 whictook effect in October 2016, Alnahedh and Bhagat (2017)
find that with the move to an FAY that these funds responded to regulation by
increasing their risktaking activity.Postreform institutional prime MMFs increased their
holdings of opaque securisieincreased maturities, and decreased their credit quality.
The authors conclude that bangponsoring funds should have sufficient equity
capitalization to support funds and that the compensation incentives of senior managers
should be focused on creajifongrun shareholder value and serve to mitigate excessive
risk taking. Post crisis bardapital requirements have increased but additional increases
to the 20% level proposed by Alanhedh and Bhagat (2017) could curtail credit, reduce
entrepreneurshipnad create headwinds for economic growth.
24 Engineering Managementand Money Market Funds

While this research may serve to guide policy and inform ordinary investors, it is
of equal importance to engineering managers anefinancial enterprises. Gilbeaind

DeVilbiss (2010) describe several issues confronted by engineering leaders and snanager
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during the financial crisis, as well as several actions associated with mitigating financial
stress. Of particular note, the authors discuss the importanceofredfis abi | ity t o m
shortterm obligations and of corporate liquidity management. Rdzatinhanagers
routinely use MMFs as cash investment vehicles and rely on MMFs as sources of funds
through the issuance of shaeerm CP. In particular, small and medi-sized enterprises
(SMEs) will often invest cash in retail prime MMFs as they are ngelanough for
institutional asset management. During times of financial stress, funding markets often
grind to a halt as investors become risk averse. In an aitikd at engineering
managers, Liu (2013) describes the issues confronted by firms, antptiréance of
having an array of financing mechanisms and steorh cash management methods with
which to deal with financial crises. In a timely paper, Ahdgu and Islam (2007) use
mathematical programming to model optimal cash management duringiéihenises.
These authors cite the importance of cash management as it pertains to inventory, billing,
and accounts payable.

Several journal articles focus directip procurement, inventory, and supply
chain management in the time of financial crisetalATherif and Maira (2011) discuss
issues with procurement during the financial crisis of 2008. The issues include financial
losses, illiquidity, and even bankruptdhese authors propose industrial collaboration as
a mitigant to reduce the risk of praement disruptions. Hoberg et. al. (2017) discuss the
interplay between a firmés financi al situat.
work, the autha suggest that inventory planners must take account of the cost of capital
in order to optnize inventory. During the financial crisis many firms were forced to

reduce assets in order to deal with a dearth of financing and potential credit rating
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downgrads. Inventory is typically financed in the short term using bank loans or CP, the
latter ofwhich is the domain of MMFs. Sokolinskiy et. al. (2018) refer to precautionary
repleni shment for financially consodérained in
Rollover risk is the inability to renew a bank loan or issue new-short debt (e.g. OP

and it is heightened during financial crises. During crises, investors often become risk
averse and flee vehicles such as institutional and retail prime MMFs, fitmas utilizing
MMFs are at risk as MMFs become net sellers and unwilling to purchas€ReThese
authors discuss the implosion of Bear Stearns and Lehman Brothers during the financial
crisis and detail how firms including General Motors, Circuit Catyd Kodak were

impacted through their inability to roll over their shtetm debt. Furttrmore, the

authors emphasize that rinancial firms are particularly at risk due to their need to
finance supply chains, where disruptions can lead to lost@ate®n bankruptcy. Li and

Wu (2017) discuss working capital management and supply chadrergue that there is

a lack of attention paid to the importance of stientn financial management. Working
capital includes, among other things, accounts reckeivatd current liabilities, which are
directly related to cash management, for exampléaiances invested in MMFs.

As described in Board et. al. (2003, p. 12), techniques from operations research
are routinely applied to issues in the domain of finahce,r exampl e fAt o val ue
instruments, identify market imperfections, design sdaesritegulate markets, evaluate
and control risks, model strategic problems, and understand the functioning of financial
mar ket s. 0 |usesimblatisn tagtievedur staedbjectives, which is a
modeling approach widely employed in engineermgnagement, operations research,

management science, and financial engineekaoghermore, in the course of the
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simulation design and analysis of results,engloy additionaloperations research and
engineering management methods, including distribdiitimg, regressioranalysis and
hypothesis testing.
2.5 Methodological Considerations

Black and Scholes (1973), Merton (1973), and Merton (1974) are three seminal
works in the area of options pricin@ptions are a type of security that can be claskifie
as part of a broader category known as derivatives. A derivative is a financial instrument
that derives its value from the value of another, underlying, assetwnity. An option is
an instrument that gives the holder the right to buy or sell thelymtpasset at a
specified price (known as the strike or exercise price) during a designated period or on
the expiration datelhere are two main types of simpletiops- calls and puts. Merton
(1974) provides framework by which to consider the equity and debt holders of a firm
as long or short certain types of options which are calls and puts. The boundary condition
for the firmdbs equertbdiisihol ders at the ter mina

O OVwww Oht (2.3)

whereOi s t he f i r mds "Bqisthdagsetvauk af te fiart at tife me
and0 is the face amount of zemupon debt due at tini¥ If we denotehe current

value of a zeraoupon bond a8 Ah'Y, we can write the payoff to a debt holder at time

(2.4)

6 iy 6 O o6 0o Ohm 0Qdh O 0o 6 hn
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From Equation4.3) for a single period with a fixed amount of debt due at tifitbe
equity holdefO receives the residual amount should the asset value be greater than the
debt due (i.e0 0 ). If the asset value is less than the debt dued(i.e. U ) the
equity holder receives zero which is a lower bound based on the limitgityliab
holding equity in a firm. At tim&Y the risky corporate debt holder (ice.”Yi'Y) receives
the face amount of debt due (ile) less an amount that is positisirould the asset value
be less than the debt due at the terminal timedi.e. 0 ). In options parlance, the
equity holder is long a call option on the asset value of the firm with the strikeegtieé¢
to level of debt. The risky corporate debtdhex is long a riskree debt instrument (i.e.
the face amount of debt is risk-free)and short a put option on the asset value of the
firm such that the debt hol der does not get
less than the debt due at teeminaltmeéYupon firm | i qui dati on. Mer
of thought gave rise to vel is called structural default modeling. Structural default
models are based on economic underpinnings and generally consider the evolution of
firm variables, such assaet and debt values, to determine whether default occurs at a
particular time.
The Maton (1974) model is based on the assumption that markets are frictionless
andtheriskneut r al dynami c 0 ¢olfow & Geemefric Browdiamn asset s
Motion (GBM) given by:

™D 15Q0 ,0 (2.5)

with i the riskfree rate of interest, the standard deviation of the asset value return, and
Qv an increment of Brownian motion. Satg the stochastic differential equation (SDE)

of Equation (2.5), one can then obtain the Bi&ckoles (1973) formul@Appendix A.3)
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which can be used to determine the equity value and the probability of defanre ay ti

The value of the equity attimet 0 “Yis:

0O d8XBQ X Xk Q (2.6)

with 5 O the standard normal cumulative distribution function @a&hdQ are given

by:

Q _ R Q Y o (2.7)

Therisk-neutraldefault probability at timéYis 0 i & 0 p B Q B Q.
Thus, the Merton (1974) model posits that default occurs when the assas\essethan
the debt due at the time payment. In Figure2-2 and 23 we depict the payoffs to
equity and debt hol dethewretit structutdleefaulbrmdesand 1 9 7 4 )
simulated asset value paths, a default boundary, and termingdudistr of asset values
at time”Y As wecan see from Figure-2, default occurs when the asset value is below a
boundary (i.e. the face amount of debt due) at the terminal ¥me
With the link of options to default modeling, there are a plethora of extensions to
the Merton (1974) mael. Theextensions include multiple tranches of debt, a default
boundary, accounting for taxes and bankruptcy costs, alternative stochastic processes,
and more. Sundaresan (2013) redédve r t on6s mod e | and covers se
the reader will ge, our vork considers asset values relative to thresholds in determining
whether a firm has transitioned from one rating to another or to default.
Mora (2012) discussed what determines recovery rates. With bonds, upon default
a holder may receive some pon of the face amount either through the sale of the

distressed security or via bankruptcy proceedings. Recovery rates have supparid
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are reported on a historical basis by NRSROs. Beyond the factors that affect recovery
rates, Mora (2012) argudkat the bt distribution is good for modeling as it allows for
asymmetry and fat tails. Van Damme (2011) proposed using stochastic recovery rates and
also employs a beta distribution. In industry, there is a longstanding accepted practice of
modeling reovery ratesas a random variable from a beta distributMith the reporting
provided by ratings agencies, one can readily determine parameters for different bond

seniorities and over a range of economic environments.

Payoffs to Equity (E(T)) and Debt Holders (B(T,T)) for Option-Theoretic Structural Default Model
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Figure 2-2. Payoffs to Equity and DebtHolders for Option-Theoretic Model

Gupton et al. (1997) detail a mettwogy to revalue bonds over a range of future
states and using forward interest rates, derived from current observable spot interest rates,
and that are an estimate of future realized interest rates. The frameworkcarieho
be called CreditMetrics,ags rating agency transition matrices that provide probabilities
for an issuer being in one of several states (i.e. ratings that include AAA, AA, A, BBB,

BB, B, CCC, D) ongeriod hence. Given a vector of probabilitiesl &wrward rates for

each rating, om can revalue a bond in each of the states in order to determine the one
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periodahead distribution of values, and summary statistics such as the mean and standard

deviation. Furthermore, the framework models rating migmatand is a simple approach

for determining thresholds whereby eperiodhence an issuer has remained in a state or

migrated to another (including default, an absorbing state).
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Figure 2-3. Simulated Paths and Distribution of Asset Values (T)

corporate debt. This modelusesa r md s

Jarrow et al. (1997) propose a Markov Chain based model to value and hedge

credi't rat.i as

ng,

matrix, to value and hedge corporate debt under engskral measure which one may

view as a change in the probability measure, with the goal of greatly simplifying the

provi

valuation problem. Thesaithhors examine the discrete and continuous time cases, and for

the latter detail the method for calculating a generator matrix that représendse of

transitions from one state to another. Israel et al. (2001) dedthideonditions under

which a gaerator matrix exists, and when one does not, how to determine an

approximate one.
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In this research, we employ the CreditMetiGsipton et al.1997)approach with
several extensions. The extensions include adjusting the time horizon to be less-than one
year.If one assumes that the historical process that governs migration is both stationary
and Markovian, a ongear matrix implies anyperiodtransition matrix. For integer
values oft, the process is quite simple as a transition matrix for any intégi@rpower of
the initial oneyear matrix. For notinteger values df, the process is more involved and
requi res t aki ntgltransitton matriavberedve follbw thehagproach of
Israelet al.(2001) We alsoconsiderthe stylized factef asset returns as detailed in Cont
(2001). In particular, its well-known that asset returns are heavy tailed and that large
moves occur far more frequently than what a normal distribution would suggest. As such,
in generating asset value returns teedaine whetheafirm transitions (i.e. ratings
category or dawult), we employ a multivariatedistribution. Lastly, we generate

stochastic recovery rates via a beta distribution.
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Chapter 30 Methodology

3.1 Introduction
We employ a methodology reevaluate constant net asset value (CNAV) money
market funds (MMFs) that is similar to CreditMetrics, a vestablished industry
standard approadiGupton et al., 1997Below, we address important aspects of the
methodology. We highlight our extenssto the standard CreditMetriasiplementation.
We also describe the entirety of the madih a detailed schematic to facilitate
understandingrinally, we compare our model to the those of Hanson et al. (2015) and
Lewis (2015)
3.2 Money Market Fund Values and Bond Valuation
The value of a bond is a function of its
longerdated securities coupons are typically semiannual. Hows\Fs invest in
shortdated bondghatare discount instruments whose interesemasented by the
di fference between the face (or fApar o amount
Veronesi (2010), with continuous compounding the current value (i.e. vaiue &} of a
risky discount bond with maturity of tini&with a face value of one is:

6 iy Q ° (3.1)

In Equation (3.1)i is the riskfree rate of interest aridis a credit spread. Isicommon
to writei oh'Y andi oY to indicate the currérime 0 and the time to maturityy
However for economy of notatigrwe will not explicitly denote time dependence ifor
andi . U.S. government bonds are deemed-fisk (i.e,i 1), as there is a very low

likelihood of default. Corporate debt ismerally not riskfree (i.e,i ). The
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magnitude of is a function of the credit worthiness of tberporatessuer. The duration
O of a bond is the percent changéondvalue for agivenchange in interest rates.
Credit spreads cesemsifviyrtoantegest ate ohdnges, simifaily to,
and in addition to duratio.hus, asnterest rates or credit spreadsange
I ORYO ifoHY 1 oY Qh i YO i[oRY i oHY Qi (3.2)
The price of a security will change, faflows:
6 HYOo 6 Y 6 Y Q6 (3.3)
From Equations (3.2) and (3.3) and by dropping the time notation we define di@ation
for interest rate® and credit spreadd as:
0 -—h O -— (3.4)
Using duration, the change in the value of a bond (or summation for a portfolio of bonds)
for achange in interest rates or credit spreads is:
(0] 0O BXOHh D 0 B Mi (3.5)
As evident from Equation (3.4), durati@ whether for interest rates or credit spreads, is
based on the derivat of the bond price with respect to its interest rate or credit spread,
respectively. Taking the derivative of Edioa (3.1) with respect to the interest rate (or

credit spread) and using Equation (3.4) yields:

(] - Y O Y h©O - YOdD Yo (3.6)
According to Equation (3.6), the duration for a discount bond is its time to maturity
Money market funds hold discount instruments revalue a bond held withafund,

with unit face valueywe multiply time © maturityby a specified interest rate or credit

spread change.
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Money market funds and their underlying holdings have a weightedgever
maturity (WAM) and weighted average life (WAL). These values are obtainable from
financial data vendors or the U.Securities and Exchange Commission (SEC) through
regulatory filings. Weighted average maturity is the average maturity for a security or
loan expressed in day3he maturity equalthe earlier of the time the obligation is due
or thenext reset date forféoating rate instrument. Weighted average life is the average
maturity for a security or loaiit is also expressed in days, but witle maturitybeingthe

final time the obligation is due. For example, a WAM of 30 days for a 365 calendar year
results n a duration of— 18t Y ¢og just under onenonth. This same security may

have its interest rate reset monthly and have three months until its final mabartiys
exampletheWAL would be— 1& 1 @opabout three months. Given that the

duration of a discount instrumentits time until maturity, WAM and WAILserveas
measures of duration for the interest f@teand credit sprea® , respectivelyln turn,
WAM and WAL enablerevalung each security in an MMF based on changesitierest
rates and credit spread3alcuating the weighted average change within an Myiiélds
the change in the market value for an MMF. As a simple example, if the WAM of a
particular bond is 3G calendar year day count is 3@&;hange in interestr@is 2%,
andabond makes up 1% afportfolio, then the change in the value of the portfolio
attributable to that bond 188t P ¢Oq8t QA Bt p A &t 1t 11 11 Wigh 100 similar bonds
the change in value of the portfolio would be $0.0016, and for a fund with a CNAV of
$1.00the true net asset value (NAWould be $0.9984.

In this research, we obtain MMF holdings level data from CEata

(www.cranedata.cojnOur data include holdings by categdgpe, country, and sector
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thereby allowing us to classify a bomda one of five categories including agency,
financial, corporate, municipality, amgbvernment. Securities classified as government
(i.e. federal) have credit spreads of zero (i.e. ), but areaffectedby changes in the
interest raté . Changes in imtrest rates and credit spreadf®ctsecurities in the

remaining four categorie®Ve aggregate all holdings of the same parent company into a
single issuef@Qvith a single interegtate duratiorO and credit spread duratiéh as

follows:

0oy B L1 o;ho; B 0 (3.7)

where in Equation (3.7)0 , andO, are the interest rate and credit spread sensitivity
measures, radurations, for issueéwith each securitiffveighted by its individual
contribution0 f relative to the cumulative weight of issuefOAs suchchangsin

NAV to an MMFgivenachange in the interest rage , denoted0 0 o3l , andthe
change in NAV given achangscredit spreas| 34 , denoted30 0 o3i , are given by

306w B Op0 BihatowmO B OF 0 i (3.8)

From Equation (3.8) he total change in thdAV of the MMF for a given change in the
interest rate and credit spread is the sum of the individual contribatiodsw
30 0 e 30 O u» . Over asingle simulatioiif,an issuer defaults, then the value
of the 1 ssuer 6mrcokrny rate that is descgbedvirearforticgming
section.

The term structure of interest rates or yield curve is the relation between interest
rates and their time to maturity 0. In this work, we input a term structure of interest

rates and use linearterpolation when applying a change in interest zat¢o an issuer,
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where the time is based on the interest rate duration for the ®@suéChange in credit
spread are applied at the issuer category and rating with the latter discussed in the
forthcoming section.
3.3 Transition Matrices, Migrations, and Default

A credit rating reflects an opinion regarding the finansiength of an issuer.
As accepted yardstiskof credit worthiness, credit ratings are extensively used for
modeling purposes. afionally recognized statistical rating organizatiiRSROS)
includeStandrdandP o o M® ® d,rd §itch Rating agenciedevelop ratings based
on analyss of issues, where key concerns include business and financial, Gskstry,
economidactors industry, foreign exchange, politidalctors legalfactors and
regulatoryitems

Credit ratings are typically assignedgimoups, where heterogeneous issaees
buckded into homogeneous categoriesgely as a result of the factors listed above. In
general, there are eight credit rating categdriesAAA, AA, A, BBB, BB, B, CCC, and
D which is defaultwith various qubfiers that represent additional granulariBgure
A.4-1 shows ratings categories with qualifiers for the three major NRSR@able 31,
we present a sample StandartiPoor 6 s average annualandt ransi ti
P o0 o Gldbal Ratings2019). The matrix in Table-3 includes anot ratd category (NR)
for issues who began the year withvalid rating but wereNR atthe end of the year

A transition matrixy shows the historical transition probabiltyor fAmi gr at i ono
of an issuerin state’tbecomingan issuerin state’ver a specified time frame. Given the
eight credit states in the StandartdP o or 6 s t r a(StanddrdandPho onradt sr i x

Global Ratigs 2019) we can represent the transition matrias follows:
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where(¢ ), and_  represents probability that anssuemrated AAA remains AAA
oneyear henceThis value is87.33% based on the matrix presented able 31.
Similarly, _ j is aprobability that anssuerrated AA moves to a rating of A over a ene
year horizonThisvalue is7.43% in Table 31. Furthemore the probability of survival
for an issuer in rating cla&8¥s p _ . The probabilityof an issuer remaing in the
same credit state is obtained from the diagonal of the transition matnd equato p

B _j. Ingeneral, a proper transition matrix requires that the transition probabilities

l "@candB p! Q

I
=
I
= x

Table 3-1. Transition Matrix with Not Rated (NR) Category Included

Transition Matrix
AAA AA A BBB BB B CCcC D NR
AAA 0.8733 0.0866 0.0058 0.0004 0.0012 0.0004 0.0004 0.0000 0.0319
AA 0.0051 0.8715 0.0745 0.0057 0.0008 0.0010 0.0003 0.0003 0.0408
A 0.0004 0.0172 0.8800 0.0532 0.0038 0.0015 0.0003 0.0007 0.0429
BBB 0.0001 0.0012 0.0349 0.8633 0.0367 0.0058 0.0011 0.0020 0.0549
BB 0.0002 0.0005 0.0018 0.0484 0.7729 0.0750 0.0056 0.0075 0.0881
B/ 0.0000 0.0003 0.0010 0.0019 0.0453 0.7546 0.0459 0.0363 0.1147
CCC 0.0000 0.0000 0.0016 0.0025 0.0066 0.1188 0.4386 0.2889 0.1430
D 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
Source: S&P Global Ratings, 2018 Annual Global Corporate Default and Rating Transition Study. Avere
Year Corporate Transition Rates (1981-2018).

For modeling purposesve must deal with the NR category. Transitions to NR
can bedue to many reasosthat include expiration of rated debt, calling or buyback of
debt, failure to payating agency fees, etc. However, exaetsons focompanies

movingto the NR category arnot released. An industry standard has developed
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however thatincludes treating the NR category as +ioiormation where it isthought
of as neither goodor bad Under this assumptigone distributes the probability value
from the NR category to atitherstates in proportion to their respective values. This

gives us the following formula for the adjusted transition probabilities

i (3.10)

Based on this adjustmg Table 32 presents thérescaled sample Standarand
Poor 6s t r akenotw havera tru@ay8matnx where each transition
probability has been adjusted accordindty instance, th@robability that an asset rated
AAA remains AAA oneyearhence is 0.21%. Finally, from Tables 3L and 32 we can
see that default (i.eatings categor) is an &#sorbing state.

Table 3-2. Adjusted Transition Matrix

Transition Matrix
AAA AA A BBB BB B CCC D
AAA| 0.9021 0.0895 0.0060 0.0004 0.0012 0.0004 0.0004 0.0000
AA| 0.0053 0.9086 0.0777 0.0059 0.0008 0.0010 0.0003 0.0003
Al 0.0004 0.0180 0.9194 0.0556 0.0040 0.0016 0.0003 0.0007
BBB| 0.0001 0.0013 0.0369 0.9134 0.0388 0.0061 0.0012 0.0021
BB| 0.0002 0.0005 0.0020 0.0531 0.8476 0.0822 0.0061 0.0082
B| 0.0000 0.0003 0.0011 0.0021 0.0512 0.8524 0.0518 0.0410
CCC| 0.0000 0.0000 0.0019 0.0029 0.0077 0.1386 0.5118 0.3371
D| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
Source: S&P Global Ratings, 2018 Annual Global Corporate Default and Rating Transition Study.
Average One-Year Corporate Transition Rates (1981-2018). NR removed as per Equation (3.10).

3.3 Migration and Default Thresholds
In this research we employ a singleriod simulatiorwhere we require
thresholds indicating whether a bond issuer migrates in order to revalue the asset

accordigly. Herewe f ol |l ow t he work of Merton (1974)
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value evolves according to Geometric Brownian Motion (GBM) wighfthlowing

solution fordo 1T

8 Y d X v (3.11)
In Equation (3.11)0 is the asset value for tH@ Esuer, is the rate of return for the
i ssuer §sisttreysimt s, of t he i s"¥isthetinbehorizos, eindl t
isan0 Tip random variable. Based on this underlying procemssistent with
CreditMetrics, we slice the distribution of asset returns into bahde randomlydraw
from this distibution, we reproduce the migration fregncies given by a particular
transition matrix. Each bandd defines a particulastandardizedeturn valueWith the
simulation of asset value returns,igsuereither remainin its initial credit state or
migrates to anothercredit statevhich may include defaultStandardizedssetreturns are

given by the followingequation

& _ i (3.12

where in Equation (3.12), is the standardized return on theedsalue of thé-th
issuer and is equivalent & which is an Tip random variabléMerton, 1974;
Vasicek, 2002)

In this model, a an example of a credit evedenotedi ‘0'Q "Qc @sitide
probability of an issuedefaultingthen the critical asset valde is such that
01 0Q QM6 WAd Y © . This can be translatedtina standardized
threshold ¢& such that tharea in the left tail below is0 1 0'Q"Qw 6Givén

Equation (312) we can define this as:

a7
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(3.13)
where given theGBM processand standardization, we uge thestandard nanal
cumulative distribution functiaro  is the threshold in the standard normal
distribution, which corresponds to a cumulative probabilityoof O ‘Q "Q¢ 6Taus,the

critical valuethatdefines default igo ‘Q where:

Q — (3.14)

and is often called thiistance to defaufi.Similarly, & is a threshold point
corresponding to a cumulative probability of being either in default or in the CCE credi

state. Given our notation from Equation (3.12), we defiheesholds for the standardized

returni  for the asset value of tH@D Essuer:

010Q QM6 WA )
0iI666 DI i ) (3.15)
é
0106006 0ili )

Thresholds are computed by inverting a cumulative distribution fundfenseek
a valuewsuch that the area under the cumulative distribution funaficio wis equal to
therespectivgorobability value But, while CeditMetrics assumes normalityith
thresholds determined via inverting the standard normal cumulative distribution function,
it is widely known that financial asset returns display heavy tails (Cont, 2001). The
approach of comparing issuer asset returmis thiresholds derived from inverting a

cumulative distribution function using probabilities from a ratings transition matxix
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be improved. In Figure A:2 we provide a histogram, fitted densities, and quantile
guantile plots depicting the daily returizs the Sandard andPo o r5@dndex from
January 3, 2000 to January 3, 2020. As evident from the plots, returns devrate fro
normalitywith heavy tails that are more consistent witlithstribution.

Given that returns to financial assets tend to beyx&aled, in this work we fit a
t-distribution to a univariate time series of returns. Using weights and returns of each
issuer, we compute a time series of portfolio returns. We employ the R package MASS
and théfitdistr function (Ripley et al., 2019) tdeterminehedegrees of freedoni
for thet-distributionusing maximum likelihood estimation. In contrast, CreditMetrics
uses a normal distribution to determine migration and default thresholds. In Figjure 3
we depict thresholds associated wittniple-B rated issueBased ordrawsof arandom
variablethat representassetaluereturns,anissuer may remain in its initiatate or
migrate to any of the other seven states. FigutesBows the thresholds associated with a
normal anddlistribution. We employ the latter in this wogimilar to CreditMetrics, we
use equityaluereturns as a proxy for assetluereturns
3.4 A t-Period Transition Matrix for Non -Integer t

Ratings agencies generally provide -gm@ar empirical transition matrices and
longerterm average transition metes. But for modeling purposes one may reqaire
matrix for a time horizon that is not equal to one yHadhe historical procesgoverning
migratiors is assumedboth stationary and Markovian, atyperiod transition matrixan
be calculated from the ofy@ar matrix For a transition matrix, andinteger values od,
thecalculation iquite simple as theasthet-period transition matriis:

¥r ¥ Y¥XE~x (3.16)
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For noninteger values ob, the process is more involved and requires taking the root of

the initial transition matrixvhere we follow the approach Isfraelet al.(2001)

From/To AAA AA A BBB BB B ccc D
BBB 0.0106 0.1270 3.6927 91.3448 3.8832 0.6137 0.1164 0.2116

Upper Thresholds for Bins Associated with BBB Rated Issuer and Normal Distribution

AAA AA A BBB BB B ccc D
BBB 3.7047 2.9943 1.7707 -1.6621  -2.3488 -2.7184  -2.8603
Upper Thresholds for Bins Associated with BBB Rated Issuer and Student-t Distribution
AAA AA A BBB BB B ccc D
BBB 21.7877 9.1597 2.6559 -2.3928 -4.6429 -6.7792 -7.8969

Migration and Default Thresholds for Hypothetical BBB Firm
(Standard Normal Density)

B8
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Migration and Default Thresholds for Hypothetical BBB Firm
(Student-t Density, dof=3)
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Figure 3-1. Transition Thresholds for a BBB Rated Issuer over OneYear Period

Israel et al(2001) addressithe issues ass@ated with the existence and
identification of transition matrix generatossvalid generator exists if the initial
transition matrix is diagonally dominant, with each of its diagonal elements greater than
pl ¢. While diagoml dominance is a sufficienbndition, it is not necessarit.is not

necessary for all diagonal elements to be greaterghanWith diagonal elements less
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thanpj ¢, it is possible to find a proper generator matrix with negative values on its
diagonal, nomegative elements affiagonal, and rows that sum to one. In short, Israel et
al. (2001)showedhow to calculate a generator matrix and fix a generator matrixa Upo
rescaling the matrix to its original otyear time frame, the distance between the rescaled
matrix and original ratrix is small.To calculate this rodor scalng an initial matrix to
anyo-period horizon, we begin by finding a generator malirix

Foran0 0 transition matrixy with non-negative entries and ressumming to
one, he generator we seek has nmyative offdiagonal elements and revsummingo
zero such tha®@ ¥, where the exponential of a matrix is given by the following

series:

Q 00 — E (3.17)
‘Os theld U identity matrix (i.e, ones on the diagonal and zertsewherg. Given that
the matrixy canbe diagonalizedve can represent it as:

r 0L (3.18)

wherew is the matrix of eigenvectors calculated from the-pea empiricatransition
matrix ¥, after rescaling for the NR categoi®,is adiagonal matrix of eigenvalues, and
w s the invers of the matrixo . Equation (3.8) is a matrix method known as
diagonalizationand is subject to thiavertibility of w , which is possible given thathas
nonzero eigenvalues. In general, theessary conditions for diagonalization are met by
historical credit ratingdransition matrices. The logarithm e matrix ¥ is given by:

i v o 1o (3.19)
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If the matrixd & has rav sums equal taero and nomegative offdiagonal elements,
then the matrixis agenerator matrix . If the matrixd & does not have row sums equal
to zero and nomegative offdiagonal elementshen todeterminea proper generator
matrix 0, we follow Israel et al (2001) andadjust the matrixr & by setting:

n B T EWRMEEDQ
I Adght E'®E Q

(3.20)
where tha) represergadjusted elements in the matéix ¥ . Now, given matrix0
(unadjusted or adjusted) we can calculabgpariod transition matrix for any valug
by:

¥ Q (3.22)
Equation (3.2) allows us to calculateperiod trangion matrices from an empirical
matrix for any time periotithat we consider in modeling credit risk.

In Table A.42, we depict a ongear transition matrix, a generator matrix, a-one
year transition matrix scaledé 1 do @,shatd 1 Jo @ wansitionmatrix scaled
back up tad p, and the Euclidean distance Wween the scaletkscaled ongear and
original oneyear matrices. We note th#te initial oneyear matrix is diagonally
dominant, which is common for credit agency transition matrices; theajeneatrix
has negative diagonal entries and positived@§onal entries; and the distance between
the scaledescaled and original matrices is small.

CreditMetricsemploys a ongear time horizon. We examine the risk in retail
prime MMFs by subjectinthem to stress that existed over the September to October
2008 time period and to two other cases as prescribed by the Board of Governors of the

Federal Reserve System (FRB) for the 2014 and 2Zait8prehensive Capital Analysis
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and Review (CCAR). Money miast funds generally hold securities with short
maturites. As uch, we use a time frame cl oser
For our modeling, we use the StandandiP o o r Gy®ar tbanséion matrix provided by
the credit rating agency for tlwalendar year in which our scenario occurred ware
scaledo a shorter time period consistent with our analysis.

3.6 Multivariate Random Variables and Asset Returns

Forthis work we samplanultivariate random variables with a dependency
structure thataptures the ecanovement of issuer credit ratings. The nuatiate random
variables represent asset returns, which are proxied by eqligreturns time series
which obey the relevant dependency structure.

A multivariateo-distribution withdegrees bfreedom ' is obtained by
generating standard normal variables andggjiared random variables with the same
degrees of freedoni . As per Loffler and Posch (2013), when multivariate standard
normal variablegy are divided by a Cksquared vaable with ’* degrees of freedom,

we obtain multivariaté-distributed random variables :

0 —TxEAcbx/i\o Tip ROY ... (3.2)

With the multivariate standard normal variabdeswe take account of €o
movement. The Cholegldecomposition, as described in Gilli et al. (2019), is a method
by which one can generate multivariate random varialés. Cholesky decomposition
one solves 0 0 recursivelywheret is a covariane or correlation matrix. For
standardized returnbe covariance and correlation are the saBneen a positive
definite covariance or correlation matrix, we compute the following:

t 00 (3.2)
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In Equation (3.3), U is a lower triangular matrix an@ is its transpose and therefore
upper triangular. To generate correlated standard normal random variables, one generates
uncorrelated standard normal and takes the product of these valuesdanid then
correlated, consistent withe input matrix.

There are various ways to make the simulation more efficient. In this work we use
antithetic variates to reduce the standard error of the estimate of the simulated retalil
prime MMF NAVs. An atithetic variate is a random variable with the same mean as
our random variablé . Following Gilli et al. (2019), assumiax § 1dp . Thend® @
will have the same mean. However, the pdiftd  will have a lower vdance as they
are perfectly negately correlated. This is evident from the variance of the two variables
@ and® :

” 0 9 0 9 c0 2 I E v (3.29)
with , the combined variancé, the weight of variable on@, the weight of variale
two, and, and, the individual variances. For equal weights and variances, Equation
(3.24) becomes:
” WOi— -, ” ¢ € Uy (3.%%)
Based on Equation (B we can reduce the variance of twenbination of random
variablesid and® if they have negative covariance, which is the case whentwie se

@ . Thus, when we generate our standard normal random variables for all issuers and
simulations, we automatically include the negative chdaal, reducing the standard

error of the estimated values.
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3.7 Recovery Rates
An important fator in credit risk modeling is accounting for loss in the event of
default. Loss given default for issu@0 "OQis related to the recovery rate for issi@@r
Y with'Y p 0 "OQ The recovery rate, whidh the amount recupesa upon a
loss, is &0 modeled via simulation inthiswok,s i ng data from Moodyoss
Corporate Default and Recovery Rate studiégjor NRSROSs report the mean and
variance of recovery rates annually for rated issuers, in the aggregate, and also by
seniority of the unddying debt instruments. Commercial paper is generally senior
unsecured and forms the largest portion of holdings of retail prime MMFs. The majority
of the remaining holdings are often sovereign debt (e.g. U.S. governmenrtieshort
bonds), which has a wethigh credit rating and a low likelihood of default.
Whenexaminingtime series of recovery ratesis apparent that they are not
deterministicHowever, ve can be surthat the recovery rate is bounded within zero and
one, wherehe latter case implgea full recovery equivalent to a nement. Following
Mora (2012), Van Damme (2011), and the discussidroffier and Posch (2013), we
assume that recovery rates are stochastic and generated via a beta disffibetbmia
distribution is a continuouprobability distribution witha probability density function

given by:

SO —0 p (3.26)

whered | K wheres is the Gamma function, andf are shape parameters

greater than zero Tt 11, and the density function is defined on the intervép .

The expectation and variance of a beta distributed variahte:

55



oY —hooiy (3.27)

For a mean and standard deviatign(or variance, ) of the recoveryate, we have the

following expressions for our shape parameters:

| — -3 Rt | 2- p (3.28)

Given Equations (38), for| andf , we generate beta distributed random vaemb
'Y 6 Qo & using the following sampling method:

Y Oy O

. i (3.29)
O |1 L Oy 0w Qw

Whereo is a randomly sampled number from the uniform distribution on the interval
mip ardthed Qo & distributed random variable %N T1ip . Over a single
simulation trial'Qshould an issuer be determined to defau, t he val ue of t
bonds is given by the simulated recovery Péte
We use the R core package (R Core Team, 2013) ambetiae function to
generate beta distributed random variables for a given set of shape parameters. Using data
from18B 3 t o 2 0 0Globdl Gredd Eolicp2609), in Figure 2 we depict
recovery rate and fitted beta distributions for senior unsecured bonds, and also for all
bond types. From the data, the calculated meand standard deviatignare 0.46 and
0.11and 0.42 and 0.10, respectively. Our beta paramét€s) & are 8.47 and 10.04
and 10.04 and 14.13 for the senior unsecured and all bond types, respectively. From
Figure 32, we see that the beta distribution provides a reasonable fit to tlrcamp

data.
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Figure 3-2. Recovery Rates and Fitted Beta Distributions

3.8 Redemptions and Sales of Assets

For retail prime MMFs with a CNAV, should the true NAV be above $0.995 but
below $1.00, redemptions result in a shareholder receiving the CNAV of $1.00, with the
difference amounting to a loss borne bgrgtolders that neain invested in the MMF.
Redemptions under such stressed scenarios result in a loss to shareholders through
overpayment and the transaction costs associated with liquidation of assets to meet the

redemption requirement. The following foula captures thedosses:

66 0 2 2 (3.30)

In this equation) 0 w is the NAV post redmptions and sales of

assetsp 0 w is the starting NAV, which is generally $1.00¢is the percent gain or

57



loss from the simulation iteratioandincludes changes in interest rates, corporate

borrowing costs, and transition¥;Q @ the redemption rate; adds the costo liquidate

$1.00 of the portfolio. In Equation (&) we can see that the resugipostsimulation

NAV per share, with losses from the stressed environment, is the quotient of the
difference between the NAV witkimulated losses and costs of redemptimth the

amount of redemptions and the cost to facilitate), and the shares that remain (which is one
minus the redemption rate). The costs incurred upon sale of each $1.00 ob assets

B 6 (3.31)

whereo is the cost of liquidating bonds in eachfigk bond categories including:
agency, financial, corporate, municipality, and governmentparisl the percent of the
portfolio holdings in each of the same five categories. The histarasis used for
modeling ared0 A &t 11 Tfar agency, financial, corporate, and municipal bonds; and
0 Asminmnmfor government debt. These costs are
of Ecoromic and Risk Analysis (SEC DERA, 2014) and Adrian et al. (017
3.9 A Schematicof the Model Methodology
In this section we provida schematic of the model methodology. Steps, data
inputs, and data sources are also described. Finally, we comparetbadohegy to that
of Hanson et al. (2015) ahewis (2015) and briefly discuss the advantages of our

approach.
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| Initialization/Calculations (2) |

4

| Generate Scenarios (3)

for i = 1 to number of simulations (150,000)
for j = 1 to number of issuers

A 4

‘no change yes v migrate yes default yes
value based on no change  value based on migration value based on R (recovery rate)
next j

Lnext i
W result is vector of changes in value (length i) to a MMF

Revalue MMF for each Change in Value i (4)

the vector of changes in values (length i) is passed along
A4

Redemptions and Costs for each Value i (5) |

v the vector of values (length i) is used to compute outputs

| Outputs (6) |

End

Figure 3-3. Model Schematic

Step 1 Read data int® using the openxIsx package (Ripley et al., 2019). The inputs
include: a list of issuers with weights, interest atd credit spread durations (Equations
3.6 and 3.7), rating flags, and sector flags &gency, financial, corporate, muni, or

government). The fund holdings data is from Crane Data\.cranedata.cojnRead in

equity value time series which are used as proxies for asset value time series, with the

data coming from Bloombergarww.bloomberg.co Read in the random seed (123),

the number of simulations (150,000), the timdeséar the transition matrix, the mean
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and standard deviation for the recovery rate fMim o d ywé@ve mopdys.cor) the

changes in interest rates and credit spreads from FRER Etlouisfed.ord, the

transition matrix vwwwoettnd®Bdaraipporacydthe and Poor 6s (

redemption rate, and the costs of sales.

Step 2.Compute the returns from equity time series and calculatedbrrelation

matrix. From a univariate time series based on the issuer weights amd retlculate

the degrees of freedom for a fedistribution using the R package MASS and the

fitdistr function. Determine thé-period transition matrix (Equatio3.21) and

compute the migration thresholds by inverting dkdistribution for the calculated

degrees of freedom.

Step 3.Sample independent standard normal random variables, applying antithetic

variate technique, anebmpute correlated standard normatdom numbers using the

Cholesky decomposition (Equation 3.23). Computistributed random numbers from

Equation (3.22). Compare tldedistributed random numbers to the migration thresholds.

For each iteratioftf the simulation, and for each issti@n an MMF, determine if an

issuer has remained in its initial state, migrated to another credit rating, or defaulted. In

the absence of default, the issuerds change
the clange in interest rates and crespteads (Equation8. In the event of default, the

i ssuerds bond values are determined via a st
each simulation iteratioiQthe total change in value for an MMF is found bgnsiing

the changesinvalue ofeaclrs suer 6 s bonds, which is stored

to the number of simulations.
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Step 4.From the changes in value computed in the prior step, for each total change
indexed byQcompute the new pastmulaticn MMF NAVs by subtracting the tdta

change for each simulatidrom the initial $1.00 CNAV, to obtain a vector of NAVs

with length equal to the number of simulations.

Step 5.For each NAV, account for of the impact of redemptions and sales of assgts usi
Equation(3.30.

Step 6.Comput outputs, including: the mean, the median, and percentiles, from the
vector of NAVs. The outputs also include the size of the capital buffer, which is equal to
$1.00 minus the 99" percentile NAV (one of the percentilesmputed). We also

compute a cafal buffer associated with the fund failure threshold of $0.995.

In Table 33, we compare the methodologged in this praxis to the models
employed by Hanson et al. (2015) dredvis (2015) As can be seen from the table, the
Vasicek (2002) model used byahison et al. (2015) is based on the evolution of the asset
value of a group of homogenous firms. It idedaultonly model that does not take issuer
migration into account. This model requires a single default probability and a correlation
value that ishie same for all issuers. In the event of default, Hanson et al. (2015) also
assume a recovery rate of aein short, the model provides a conservative estimate for a
capital buffer and does not depend on the variety of holdings and issuers associated with
an actual MMFLewis (2015)simulates interest rates and intensities using two
uncorrelated mearevertng processes. Similar to Hanson et al. (2015), Lewis does not
consider actual MMFs but rather holdings associated with an idealized portfolio. In this
model, there is no rating migration, and upon default there is a constant recovery rate.

Neither Hansonteal. (2015) notewis (2015)use a sample of actual funds. In contrast,
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the model in this praxis is applied to a sample of the largest retail primiesiiMing

three stress test scenarios, and takes into account heterogeneous holdings with different
credt ratings, maturities, and redemptions, as well as the sale of assets under stress, all of
which are relevant to the resulting NAVS.

Table 3-3. Comparison of Models

Model Comparison

Young (2020)

Hanson et al. (2015)

Lewis (2016)

Vasicek Large

CIR Processes for Rates

Attributes Augmented CreditMetrics | Homogeneous Portfolio and Intensity
Type of Model Mark-to-Market Default Only Mark-to-Market
Stochasticity Issuer asset value returns Issuer asset value returns Interest rates and intensity

Fund Holdings and

No. Hypothetical,

No. Hypothetical,
homogeneous issuers

Issuers Yes. Crane Data homogeneous issuers
Ratings migrations and default
from simulated asset value Default only. All issuers have | Default or issuer remains in
Credit States returns same default probability initial state

Changes in Interest

Yes. Based on specified

Rates scenarios No Yes. Stochastic
Changes in Corporate Yes. Based on specified Yes. Stochastic intensity
Borrowing Costs scenarios No rate

Yes. Correlation matrix for

Yes. 50% correlation between

No. Independent CIR

Dependency issuer asset value returns all issuers processes
Yes. Stochastic via beta
Recovery Rate distribution No Yes. Constant 40%
Yes. Redemptions impact fund
Redemptions NAV No No
Yes. Redemptions result in sales
Cost of Asset Sales with costs No No
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Chapter 40 Results

4.1 Introduction

The sections that follow include data anddelinputs, model validation, and
results. Our data comprise inputs from several-wediwn sources and include a sample
of retail prime money market fungs8IMFs). We take several steps to validate our model
includingshowing that simulated net asset values (NAVs) chang manner consistent
with theory and intuition. We demonstrate that values obtained analytically match the
mean of the simulated NAVs foeases ranging from simple reorecomplex Through
modelng, we examine the convergence of simulated NAWs. conduct retrospective
case studies for two funds. Rbe sample of MMFsye produceausingthree stress test
scenarios. By using real world MMF©klings, we take accounf the heterogeneity of
holdngsand i ssuerso6 different creditofratings an
redemption rates and sales of assets under sttesg with the MMF holdingdor
simulation of NAVs and capital buffeizing.We compare the results other studies in
the literatureFinally, we discuss capital buffer pricing.
4.2 Data and Model Inputs

For our modeling, & use a sample of 20 of the largest retail prime MMFs as of

September 30, 2019, obtained thro@yane DataWww.cranedata.cojnWith each of

our 20 funds, we aggregate holdings from the same parent issuer, such that all bonds for
the same issuer are combined and their weights sunusedy Equation (3.7) we odin
the sensi ti v ibdngs withfrespeatto interestrates and credit spréads

each issuer, we obtaintpea r e nt domgpearnny 6csr edi t rating usi ng
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(www.bloomberg.comsubscriptio service. The paresbmpanyis gererally rated by

one of the major rating agencies (,e. NRSR@&% use Standard and Poor
Fitch (Table A.41) ratingsin that order of selectigisubject to availability. We do not
include qualifierssuchsa fipl us 00 oar flnbutma@her ledter ratBgs: AAA,

AA, A, BBB, BB, B, CCC, and D. MMFs generally hold debt instruments that are
investment grade (i.e. at or above BBBjaneclassified each issu@rto one of the

following five categoriesagency, financial, corporate, maimal, or government. Asset
backed commercial paper (ABCP) facilities are traced to their sponsor, which is typically
a large financial institution providing lines of credit and other support, and is therefore
the issuerFor each MMF, and for each issueg use the weight of its holdings in the

fund, its sensitivity to interest rates and credit spreads (Equation 3.7), credit rating, and
category. In Table-4 we provide a list of our sample of MMFs, ticker symbols,tasse
under management (AUM), numberhadldings, and categoryWe thenobtainthe equity

time seriesand n the event an issuer does not have an observable equity time series, we
useanindexorfunAtdased proxy. The mappi ngsGweme based
that U.S. government andagt and local municipalities do not have traded equity, we use
well-known indexes for these bond typ@géidely held by MMFsU.S. government debt

are all of the same issuer (i.e. U.S. government) and proxied by arcoma@osed of
shortterm U.S. debt digations In Table A.51, we provide the tickers and descriptions

of those indexes or funds used as a proxy in the event an issuer does not have traded
equity. All issuers have credit ratings, and the vast majority thaged equity, with the
exception e U.S. government whichathas a near ideal proxy of a U.S. government

shortterm debt index. Ashown inTable 41, the largest portion of holdings for retail
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prime MMFs includes U.S. government securities and cowiaigraper (CP) issued by

financial entities and corporations. In our sample of retail prime MMFs, the average

aggregate weights by sector are: 26.70% for government, 64.13% for financials, and

4.30%for corporates. Government and financial securities rgélgexccount for just

under 91% of the total assets, and with the addition of corporate securities, this value

rises to 95%The weight of government and financial holdings is consistentVeitie

A.1-1, which shows that these are among the largestrssefishortterm debt held by

retail prime MMFs. In Table A2 we provide the percent of ea
modeled at the issuer level using equity time series of returns as proxies fonhsset

returns, consistent with the CreditMetrics frame@upton et al., 1997)or the three

stress test scenarios we emplog  mo d e | 90% of each fundbés AUM
series applied to issuens averageThe remaining amount (i.e. 10%) is tydlga

represented by two or three groupings of issuers.

Table 4-1. Sample of Retail Prime Money Market Funds

# [Fund Name Fund Ticker|Assets (Smm) # Holdings| Agency Financial Corporate Muni Government
1 |Vanguard Prime MMF VMMXX 104,497 390 7.44% 56.97% 4.78% 0.00% 30.80%
2 \Schwab Value Adv MF Inv SWVXX 69,724 612 0.00% 75.01% 3.25% 0.35% 21.39%
3 |Fidelity Inv MM: MM Port FNSXX 67,708 308 0.00% 69.88% 1.88% 0.00% 28.24%
4 \Vanguard Prime MMF Adm VANO1 59,107 336 0.00% 58.93% 4.53% 0.07% 36.47%
5 |Fidelity Money Market Fund SPRXX 50,900 298 2.51% 67.45% 1.89% 0.08% 28.08%
6 |Federated Prime Cash Oblig Cap PCOXX 29,900 312 0.00% 63.87% 0.51% 0.78% 34.84%
7 |USAA Money Market Fund USAXX 4,771 153 0.00% 55.52%  12.30% 15.83% 16.35%
8 Dreyfus General Money Market B GMBXX 3,049 31 0.00% 85.61% 0.00%  0.00% 14.39%
9 T Rowe Price Cash Reserves TSCXX 2,980 215 0.00% 39.09%  19.77% 16.74% 24.40%
10|Invesco Premier IPPXX 1,713 87 0.00% 68.53% 2.33% 5.44% 23.70%
11 Goldman Sachs Investor MM FMJXX 1,660 210 0.00% 61.74% 0.76% 0.78% 36.72%
12 |JPMorgan Liquid Assets CJILXX 1,477 184 0.00% 59.50% 1.95% 0.24% 38.31%
13|American Century Prime MMkt BPRXX 1,372 90 0.00% 60.74% 6.33% 23.86% 9.07%
14UBS Prime Reserves Fund UPPXX 1,136 175 0.00% 64.10% 5.25% 0.00% 30.66%
15 Janus Henderson Money Market Fund  JNMXX 932 50 0.00% 63.41% 5.29% 12.75%  18.54%
16 /Putnam Money Market A PDDXX 702 82 0.00% 56.22% 3.74% 0.00% 40.04%
17|Schwab Investor Money Fund SWRXX 647 214 0.00% 70.88% 4.11% 1.64% 23.37%
18 /Northern Trust Money Market Fund NORXX 552 130 0.00% 77.35% 0.14% 8.03% 14.48%
19 |First American Ret Prime Obligs FAPXX 502 150 0.00% 70.00% 5.55% 0.53% 23.92%
20 BlackRock Money Market Port Inv PNIXX 361 125 0.00% 57.69% 1.55% 0.44% 40.32%

Source: Crane Data (www.cranedata.com) and author computations of number (#) of holdings and category (sector) weights.

65



Hanson et al. (2015) angkwis (2015)use hypothetical holdings or issuensf
actual fundsThe hypothetical holdings are modeled usiagicek (2002)which isalso
known as the large homogenous paitf (LHP) model. The LHP model is premised on
the assumption that all issuers share common characteristics, and that there is no
heterogeneityeach issuer has the same default probability, and all pairwise issuers share
a single correlation value.

Our wak uses time series of equity returns to model states of issuers, while
taking account of the dependency structure and htzalad behavior, as slerved in
financial marketsLewis (2015)simulates two independent, meaaverting,squareroot
diffusion processesThe firststochastic process descrilihe evolution of the shoterm
interest rateThe secondtochastic procestescritesthe intensy. Lewis (2015)
determineparametersf the intensity proceassinga time series of AA rated credit
spreadsLewis (2015)reats allcorporate issuers as homogenous (i.e. AA rated).

Our three stress test scenarios include events that occurred over the period August
29 to October 10, 2008, and two scenadesigned by the Board of Governors of the
Federal Regge System (FRB) for the Comprehensive Capital Analysis and Review
(CCAR). CCAR is apostcrisis, regulatorymandated, annually required stress test for
large financial institutionsSCCAR scenarios are for 2014 and 2QB8ard of Governors
of the Federal Bserve System, 2014, 2018) accordance with these time periods, we
useSandar d an deaPtrarsitiof matrices ®r the years 2008, 2014, and 2018
(Standard and Poor 6s G| tnfFable A.5Bave pravigesone 200 9,
year transibn matrices used for each of our stress test scenarios. For each of these

transition matrices, we removed the not rated (NR) category as per Equation (3.10).
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MMFs hold securities with short maturitigkerefore for modeling purposes, we scale
these matces to shorter time periods consistent with the stress test scenarisg)dy u
the maturities of the MMF holdings (Equation 3.21).

For the three stress test scenarios we obtain the mean and variance of the recovery
rate fromoNMdydy 6 Git Rollwyad009Q01%E 2019). We us&quation
(3.28) to determine our parataes for the beta distributioliVe use the beta distribution
to generatstochastic recovery rates as per Equation (3.29). In Pablé we provide
t he dat a obt aialong with the noean aMictardiagrdddsviation used for
each of our three stretest scenariodhe mean is the value observed over the respective
year commensurate with the stress test scenatgoobtainthe standard deviation from
the time series of senionsecured recovery ratesM# hold large amounts of
commercial paper (CPWhich is generally senior unsecured.

For each of our three stress test scenarios, we determine the change in interest
rates and credit spreads for issuers categorized as ageaogjdl, corporate, muni, or
government, where the latter is unaffectectbgnges in corporate borrowing costs. With
the stress scenario that spans the August 29, 2008 to October 10, 2008 time period, we
obtain changes to interest ratesborrowing cost for investment grade and ron
investment grade corporat@syestment grade municipal debt, and sitertn agency
asset backed commerci al paper, from the Fede

economic database/{vw.fred.stlouisfed.or)y For financials, we obtain shieterm credit

default swap spread€DS)from IHS Markit (vww.ihsmarkit.con). In Figure 41 we

provide graphs that depict the changes in inteegesand borrowing costs over the

August 29 to October 10, 2008 enperiod As U.S. government rateeclinedand the
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Federal Reserve Board decreased its target federal funds rate twice in January, once in
March, and April, twice in October, and then a finaldim December of 2008. This was

a policy action aimed at stiulating the economy, which was slowing at the time.
Mortgage delinquencies and defaults increased and corporate borrowing costs, and
agency and municipal spreads all increased. Banks, whichaivéire epicenter of the
financial crisis, saw their borrowgncosts increase substantially. When Lehman Brothers

filed for bankruptcy orseptember 15, 200&ese credit spreads increased precipitously.
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Figure 4-1. Changes in Interest Rates and Credit Spreads
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In contrast to the stress test scenar@rewe oliain the historical interest rate
and borrowing cost changes in order to compute portfolio changes over the time period,
the CCAR stress test scenarios are specified by the FRB (Board of Governors of the
Federal Reserve System, 2014, 2018). TEBAR exercses are used to determine if a
financial entity can adequately absorb losses during stressful conditions. In Table A.5
we provide the interest rate and borrowing cost changes used for each of the three stress
test scenarios.

The model inputs include reaiptions and costassociated witkales of assets.
For the three stress test scenarios, we apply 14% redemptions from retail prime MMFs
(Schapiro, 2012We obtainost s from t he SECG6s Division
Analysis (SEE DERA, 2014) and Adrian et.d2017). Our first stress test scenario spans
the42 days fromAugust 29 to October 10, 2008. For the CCAR scenarios, we use a time
horizon of two months, which is consistent with the weighted average maturity (WAM)
limit andtypical maturity for a largeortion of MMF shorterm debt instruments.
Finally, our inputs includa seed for the random number generator,andmber of
simulations which was set equal t%0,000.
4.2 Model Validation

With the methodology and datastribed, we now proceed taliate our model
by substantiating our computerized simulationthed distribution ofetail prime MMF
NAVs. We take several steps in validating our mopdehsistent with the literatuen
substantiating simulation modelS|pta 2014, Kleijnen, 1995; MRE, 2014 Sargent,
1998. Our steps includeonducting sensitivity analysis, comparison of the simulation

model to analyticalormulag examining convergence, apdrformingretrospective ase
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studies for two MMFd$rom the August 29, 2008 to October 1003 time period.
Furthermore, in determining the size of an adequate capital buffer for retail prime MMFs,
we compare our results to the modelslahson et al. (2015) arigwis (2015) as vell

asto actual sponsor support amounts provided in TableA.1

From our sample of retail prime MMFs (Tabld} we know that on average the
funds hold 64.13% of their AUM in sheterm debt issued by financial firms and 26.70%
in U.S. government sedties. On average, funds have 47.65 unique issuers. Similarly,
from our sample we know that the minimum weighted average maturity (WAM) and
weighted average life (WAL) are 20 and 24 days respectively, and the corresponding
maximum values are 52 and 113 eTilnean WAM and WAL are 34 and 72 days,
respectively. These valués WAM and WAL are consistent with the limits set forth by
theU.S. Securities and Exchange Commisg®BC), which are 60 and 120 days,
respectively.

Based on the summary statistics froom sample of retail prime MMFs, and for
the purpose of conductingensitivity analysis, we construct a hypothetical portfolio of 50
issuersone issuer is the U.S. government and the remaining 49 are financial firms. This
hypothetical MMF allocates 25% § weight to shorterm government debt and the
remaining 75% tahe 49 financial firms. Each financial firm has a weight of 1.53%.

In sensitivity analysis, we use the change in interest rates and credit spreads
prescribed by the 2018 CCAR stress teshacio (Table A.5) specified by the FRB
(Board of Governorsohte Feder al Reserve System, 2018) .
as specifiedinth8t andar d a-year trénsitton rhasrix for 268 (Table A3,

with NR removed as pdtquation (3.10f St andar d and Poor 6s Gl obal
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The model Gwmndancdavwation of cecovery rate are reported in TablglA.5
and obtainedMdodyd MoGldywas!l (Credit Policy,
constant offdiagonal correlatin of 0.50, 10 degrees of freedom for Stuetatistributed
random variables, @150,000 simulations.

In Table 42 we provide the results of our sensitivity analysis based on varying
the WAM and WAL of our hypothetical portfolio. Recall from Equation$)and (3.6)
that the duration of a discount instrument, such as one held M¥& is equal to its
time until maturity. ThusW AM and WAL serveas measures of duration for the interest
rate’O , and credit spred® , respectively. WAM and WAIlenable g to revalue our
MMF securities based on changes in interest rates adi speeadsAs bond prices
move inversely to changes in interest rates and credit spreads, we expect that increases in
WAM and WAL will result in lower MMF NAVS.

Holding all other mputs constant, we vary WAM and then vary WAL. As
expected, increasing WAMr WAL results in a decline in simulated median and mean
MMF NAVs. Increases in transitions to lower credit ratings, associated with increases in
WAM or WAL also result in lower vales in the leftail of the distribution at the 0.10%
percentile. The medn exceeds the mean in all cases, indicating -skeftved
distribution, which is characteristic of bond portfolios. In the case of bonds, the best
outcome is to receive the ftfthce amount amaturity. However, the possibility of default
means there isamall likelihood that an investor suffers large losses. The combination of
the best outcome( receiving the fullface amount), and thmossibility of large losses
leads to markeglleft-skewed distributions. The leskew becomes more pronounced

with increased correlation, and as downgrade and default probabilities increase relative to
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upgrade probabilities. With empirical transition matrices, as computed Inatioaally

recognizd statistical rating organizations (NRSROs), the sum of the probatiities

right of the diagonal is generally greater than the sum to the left, indicating that

downgrades are more likely than upgrades.

Table 4-2. Sensitivity Analysis

WAM WAL Correlation| Credit Quality ‘ Median NAV Mean NAV .001 Percentile NAV
Changing Weighted Average Maturity (WAM)
20 70 0.5 Financials A 0.993970 0.993963 0.992951
30 70 0.5 Financials A 0.993891 0.993883 0.992872
40 70 0.5 Financials A 0.993791 0.993783 0.992772
50 70 0.5 Financials A 0.993680 0.993672 0.992661
60 70 0.5 Financials A 0.993559 0.993551 0.992540
Changing Weighted Average Life (WAL)
35 80 0.5 Financials A 0.993004 0.992995 0.991839
35 90 0.5 Financials A 0.992165 0.992155 0.990855
35 100 0.5 Financials A 0.991326 0.991316 0.989871
35 110 0.5 Financials A 0.990488 0.990476 0.988887
35 120 0.5 Financials A 0.989649 0.989636 0.987902
Changing off Diagonal Constant Correlation (p =0.01, 0.5, 0.99)
35 70 0.01 Financials A 0.993842 0.993835 0.993595
35 70 0.5 Financials A 0.993842 0.993835 0.992810
35 70 0.99 Financials A 0.993835 0.993835 0.991819
Changing Credit Quality (25 Financials AA, 24 BBB)
35 70 0.01 Financials A, BBB 0.992851 0.992837 0.991550
35 70 0.5 Financials A, BBB 0.992851 0.992836 0.989933
35 70 0.99 Financials A, BBB 0.992851 0.992835 0.987190
Changing Credit Quality (25 Financials AA, 24 BBB) and Transition Matrix from 2018 to 2008
35 70 0.01 Financials A, BBB 0.992851 0.992805 0.990976
35 70 0.5 Financials A, BBB 0.992851 0.992805 0.988792
35 70 0.99 Financials A, BBB 0.992851 0.992805 0.983833
Changing Credit Quality (25 Financials AA, 24 BBB), 2008 Transition Matrix, 2008 Recovery Rate (11,G)
35 70 0.01 Financials A, BBB 0.992851 0.992803 0.990956
35 70 0.5 Financials A, BBB 0.992851 0.992803 0.988580
35 70 0.99 Financials A, BBB 0.992851 0.992803 0.983728

Next, we vary the constant efiagonal correlation, using values of 0.01, 0.50,

and 099, while holding WAM, WAL, and all other inputs constant. Increasing the

correlation leaves the mean of the simulated distribution of MMF NAVSs largely

unaffected but mults in lower MMF NAVSs in the far leftail of the distribution. This is
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notentirelys ur pri sing for AA and A rated entities
specifies greater probabilities for downgrades than for upgrades.
While holding the WAM andVAL constant at 35 and 70 days, respectively, and
the offdiagonal correlation constaat 0.50, we vary the credit quality of the
hypothetical portfolio by changing the rating of 24 of the 49 financial entities from A to
BBB. A reduction in credit qualitghould correspond to a decrease in simulated MMF
NAVSs. As shown inTable 42, the mearand 0.10% percentile MMF NAVs are lower
based on the shift in rating from A to BBB for a portion of the issuers.
With 2008 being a particularly stressed year in finadci mar ket s, t hat vye
St andar d a-yedr trensitoom MasrpwvithriN& removedaccording tdEquation
(3.10), applies a greater likelihood of downgrades and defaults than its 2018 counterpart
(Table A.53). As such, in using the 2008 transition matve expect to see lower
simulated MMF NAVs than when using the 2018 transition maurthermore,
consistent with changing from the 2018 transition matrix to the Btfiix, we
investigate changing the mean and standard deviation of our recovetistabaition to
the values reported for 200 84).mpaiticuahweai ned fr
have the following update: T @ Hh, p® PO
o® H, p@b.
With a decrease in the mean of the recovery rate and an intmeasendard
deviation, we expect the mean ahd0% percentile of the siated MMF NAVs to both
decline. As is evident from Table2} the change of recovery rate mean and standard
deviation values results in declines for all three constardiaffonal orrelation values

tested. In Figure-2 we provide histograms of the sitated MMF NAVs for the three
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off-diagonal constant correlation values (@€1, 0.50, an®.99) using the Standard and
Poorés 2008 transition mateanaxndstaadard Moody d6s 2
deviation of recovery for the hypothetical portfoliosf issuers. Credit distributions are
generally leftskewed with the median being greater than the mean, the preponderance of
di stributionds mass ne a-zeolkbliboodroéldrgedossesand me an
driven by downgrades and defaults.
For simpe scenarios one may use analytical formulae to compute the MMF NAV,
using changes in interest rates, changes in corporate borrowing costs, and transitions from
a change in ratings.hlis, we may also validate our model by using analytical formulae
and movng from simple to more complex changes in key inputs. In so doing, we can
demonstrate that our simulated mean MMF NAV is consistent with the value obtained
analytically. In conductinghe comparison of the simulated MMF NAV to the value
obtained analyticil, we use our same hypothetical portfolio of 50 issuers with 25% of
the AUM allocated to shoterm U.S. government securities and 25% of the AUM
allocated to financial firms. In ctmrast to using th@&ugust 2%to October 10, 2008 time
period orthe CCAR stress test scenasiove set changes to interest rates, corporate
borrowing costs, and the probabilities of ratings transitions in a manner that ranges from
the exceedingly simplistito more complex. Incorporating all of the complexity from the
Monte Calo simulation into the analytical computations is infeasible, but we can validate

those components common to both.
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Histogram of Simulated MMF NAVs
0.01 Correlation, 2008 Transition Matrix and Recovery Rate Data
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Source: Standard and Poor’s Global Ratings, 2009, Moody’s Global Credit Policy, 2009.
Note: 2008 Standard and Poor's transition matrix and mean and standard deviation for
recovery as per Moody's. Constant off-diagonal correlation of .01, .50, and then .99.

Figure 4-2. Sensitivity Analysis for Changes tdCorrelation

In Table 43, we provide the calculated MMF NAVs using analytical formulae as
well as the mean from the simulation model. There are sescatartingachange in
interest rates, and ending with changes in interest rates, corponai@ibg costs, and
ratings transitions with predetermined probabilitisth each case we increase the

complexity.
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Table 4-2. Comparison to Analytical Formuae

No Ratings Transitions Ratings Transitions
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

# of Issuers 50 50 50 50 50 50

Issuer Weightings:

Financial 75% 75% 75% 75% 75% 75%

Government 25% 25% 25% 25% 25% 25%

Ratings Financial A Financial A Financial A Financial A Financial A Financial A

Government AA|Government AA|Government AA] Government AA Government AA Government AA
Financial A, BBB, | Financial A, BBB,
. " . . Financial A to BBB BB, and B, w/ BB, and B, w/

Transitions No Transitions | No Transitions | No Transitions w/ Prob. .90, .10 | Prob. .90, .06, .03, | Prob. .90, .06, .03,
.01 .01

Time Horizon 1 1 1 1 1 1

Off-Diagonal Correlation NA NA NA 0 0 0.9

WAM 35 35 35 35 35 35

WAL 70 | 70 70 70 | 70 70

Rate Chng. Bps. 200 -100 100 100 100 100

Spread Chng. Bps. A 0 300 300 300 300 300

Spread Chng. Bps. BBB NA NA NA 500 500 500

Spread Chng. Bps. BB NA NA NA NA 600 600

Spread Chng. Bps. B NA NA NA NA 700 700

Chng. From Rates -0.001918 0.000959 -0.000959 -0.000959 -0.000959 -0.000959

Chng. From Spreads A NA -0.004315 -0.004315 -0.003884 -0.003884 -0.003884

Chng. From Spreads BBB NA NA NA -0.000719 -0.000432 -0.000432

Chng. From BB NA NA NA NA -0.000259 -0.000259

Chng. From B NA NA NA NA -0.000101 -0.000101

Analytical NAV 0.998082 0.996644 0.994726 0.994438 0.994366 0.994366

Simulated Mean NAV 0.998082 0.996644 0.994726 0.9944338 0.994366 0.994365

'© andO are the interest rate and credit spread sensitivity measures, or dyrations
for a bond. Here, we assume that all bonds across all issuers have the same duration
(O 'Oy) and the spread duratio®( Op) mayvary by issuerin particularU.S.

Treasury bonds typically have spread durations of zero. The cumwieatigbtfor issuer
“Os denoted) . Then thechangsin NAV to an MMFfor aspecifiedchange in the
interest rater , denoted0 0 a3 , andthe change in NAVor a specifiedchangein

credit spreas| 31 , denoted30 0 ui , are given by

30 O 3 0r 2 i

30 0 20 Ofr M i
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The total change in MMF NAV for a given chanigehe interest rate and changes in
credit spreads is the sumtbe two contributions:
300w 3000 300 oz
We briefly describe each scenario and illustrateatiedyticalcomputationgo determine
the MMF NAV.
Casel. 50 issuers, 25% of AUMIlocated to U.S. government shitgtm debt, 75% of
AUM allocated tdfinancial firms, and each issuer has a WAM of 35 days and WAL of 70
days. Interest rates increase by-2@8is points and there is no change in corporate

borrowing costs.
30 0 u3 o> 8t 108t TBImTPp W
co P S pwp Y

O00wp 300 i T WY TT Y G
Given thatthere are no transitions allowed and the ratings states of the issuers are
stochastic, it is not surprising that the analytical value and simulated mean value
coincide. Both NAVs deceses with an increase in interest rates.
Case2.50 issuers, 25% of AUMIlocated to U.S. government shitgtm debt, 75% of
AUM allocated to financial firms, each issuer has a WAM of 35 days and WAL of 70
days. Interest rates decrease by-86is point&and corporate borrowing costs increase

by 30Gbasis points for nagovenment debt and-Basis points for government debt.
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For Case2, the decline in interest rates results in an increase infirices. The increase
in comporate borrowing costs results in a decrease in the value of bonds issued by the
financial entities. U.S. government bonds are deemedraskand only affected by
changes in interest rates. The analytical value and simulatad for the MMF NAV are
onceagain equivalent.

Case3. 50 issuers, 25% of AUM allocatéd U.S. government sherérm debt, 75% of
AUM allocated to financial firms, each issuer has a WAM of 35 days and WAL of 70
days. Interest rates increase by-b@Bis points and corporate borrogicosts increase

by 30Gbasis points.

ov
30 0 o3 —3)8m318tp TIMTNMWU W
o
30 0 o3 Xna'ts(LDTBIo XT[C)'[EQLO‘BIT[ TINMT OPUL
NORY) oQUL P

ODO0wp 3O 300 wri TBOWT X ¢ @
With increases in interest rates and credit spreads, bores piécline from each shock,
and the analytical and simulated means for MMF NAMaade. Note that the mean
MMF NAVs for Case 3 are less than Case 2, with the change in value due to interest rates
changing by the same magnitude but opposite sign. Thee&timean MMANAVs and
the magnitude of the change due to rates are consigtartheory. For Case 3, the
analytical value and the simulated mean for the MMF NAV aralequ
Case4.50 issuers, 25% of AUM allocated to U.S. government dieom debt, 7% of
AUM allocated to financial firms, each issuer has a WAM of 35 days and WAD of
days. Interest rates increase by-b@Bis points and corporate borrowing costs increase

by 30Gbasis points. We allow for the A rated financials to remain A rated with
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probability of 90% and to be downgraded to BBB with probability 10%. The change in

corporate borrowing costs for BBB issuers is-B@8is points.

o e ovu
3V 0 u3 —aJSITOISIp TIMTMWU W
oo
v e X T
3U 0 o3l WEIS(LOI&)TQI&G mMinoypyyPrt
v s X T
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v X T
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00wp 3006w 300 o 30 o 3 TOWT T oY

With the nonzero probability of a downgrade from A to BBB for the financial entities,

and the higher corporate borrowing costs at the lower rating, the MMF NAYV for Case 4 is
less than its value for CaseThe analytical value ahsimulated mean MMF NAV are
equivalent for Case 4.

Caseb. 50 issuers, 25% of AUM allocated to U.S. government dieom debt, 75% of

AUM allocated to financial firms, each issuer has a WAM of 35 days and WAL of 70
days. Interestates increase by 1€fssis points and corporate borrowing costs increase

by 300basis points for A securities. We allow for the A rated financials to remain A

rated with probability of 90% and to be downgraded to BBB, BB, or B with probabilities
6%, 3%, ad 1% respectively. Thehange in corporate borrowing costs for BBB, BB,

and B are in turn 500, 600, and 708sis points.

ou
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By allowing for further downgrades, the MMF NAV declines from CasetAdosalue in
Case 5. The resulting analytical value and satedl mean MMF valuare equal

Caseb. 50 issuers, 25% of AUM allocated to U.S. government dieom debt, 75% of
AUM allocated to financial firms, each issuer has a WAM of 35 days and WAL of 70
days. Interest rates increase by-b@Bis points and corpate borrowing costs increase

by 30Gbasis points for A rated securities. As in Case 5, we allow for the A rated
financials to remain A rated with probability of 90% and to be downgraded to BBB, BB,
or B with probabilities 6%, 3%, and 1% respectively. A€ase 5, The change in
corporate borrowing costs for BBB, BB, and B are 500, 600, anda®8 points,

respectively. Mw we use a constant off diagonal correlatio®.80.
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With the simulated mean MMF NAV of 0.99, wave a difference from the analytical
value at the sixth decimal plada.turn,we can use analytical formulae to compute
changes in the MMF NAV for changes in interest rates, corporate borrowing costs, and
evenratings transitions, one may wonder why meed a simulation model at all. It is
important to note that the analytical formulae result in values that provide a highly
accurate point estimate for the mean of the simulated MMF N#kiéy do not describe
thedistribution of those NAVs. The distribotn of NAVs is generally lefskewed with
nontrivial probability that the simulated MMF NAV is well below the mean. For a large
portfolio of heterogenous issuers and their corresponding pairwise correlatisrm)li i
through simulation that we observéudl distribution of NAVs while also taking ratings
changes (including default), stochastic recovery rates, and redemptions with
corresponding costs into account. Modeling results in greater complexity and.insigh

When modeling, one must ensure a lefgbrecision sufficient for the particular
problem. Of particular note in this work is
a decline in NAV to below $0.995. As such, we explore fourth decimal place egcura

for simulated NAVSs, using a range of silations and observing that 150,000 is an
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adequate numbewe examine convergence in depting our hypothetical portfolio
consisting of 50 issuers, a tyvmeonth time horizon, WAM and WAL values of 35 days
and 70days respectively, changes in interestgatied corporate borrowing costs
consistent with théme period usedand a transition matrix and recovery rate inputs for
the year 2008n Figure 43, we provide a graph of convergence for siraulated MMF

NAV at the 0.10% percentile. Note that the mealue converges almost immediately.
However, in determining the appropriate size of a capital buffer, it is the values in the left
tail that are of concerWith stress testing MMF NAVS, it is tHew likelihood, large
losseghat are the crucial to pratieagainst, and hence to use in determining an
appropriate capital buffer. Those events include downgrades that are typically followed
by higher credit spreads and defaults causing substantially lower bond Y& sbawn

in Figure 43, for numbers o$imulations (Monte Carlo sample sizes) above 20,000 we
have convergence in the third decimal place for the MMF NAV. In Table&cAve

provide results for simulations ranging from 10,000 to 1,000,000 for the me&nlfasd
percentile simulated MMF NAVs, and veempute successive changes in the fourth

decimal place for the 0.10% percentile MMF NAV.

In Table 43 we compare aninp@t andard and Poor6és average

matrix( St andar d and Poor d@ndits@atroxbfaimulaRét i ng s,
probabilties composed of the ratios of realized states with the total number of
simulations (150,000As shown in Table -8, the Euclidean distance between the input
and simulated mdtes is small, with differences in transition probabilities generally in
the faurth decimal place. Figure ABwe show a histogram of actual and simulated

states for a BBB issuer from the input matrix. We conduct aSgbare goodness of fit
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test for theobserved (simulated) and expected (input matrix) values. The null hypothesis
that there is no difference between the observed and expected values is rejectgd with a

value of 0.5808.

MMF .001 Percentile Values for Range of Simulations
0.9892
0.9891
0.9890 Between Red Lines NAV Rounds to 0.989

0.9889
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Figure 4-3. Convergence for the Simulated .1%tile MMF NAV

Table4-3.St andard and Poordés and Simul ated
Transition Matrix
AAA AA A BBB BB B CCC D
AAA 0.9021 0.0895 0.0060 0.0004 0.0012 0.0004 0.0004 0.0000
AA 0.0053 0.9086 0.0777 0.0059 0.0008 0.0010 0.0003 0.0003
A 0.0004 0.0180 0.9194 0.0556 0.0040 0.0016 0.0003 0.0007
BBB 0.0001 0.0013 0.0369 0.9134 0.0388 0.0061 0.0012 0.0021
BB 0.0002 0.0005 0.0020 0.0531 0.8476 0.0822 0.0061 0.0082
B 0.0000 0.0003 0.0011 0.0021 0.0512 0.8524 0.0518 0.0410
CCC 0.0000 0.0000 0.0019 0.0029 0.0077 0.1386 0.5118 0.3371
D 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
# of Simulations 150,000
Simulated Matrix
AAA AA A BBB BB B CCC D
AAA 0.9020 0.0893 0.0061 0.0003 0.0013 0.0004 0.0004 0.0001
AA 0.0054 0.9081 0.0779 0.0060 0.0009 0.0011 0.0003 0.0003
A 0.0006 0.0177 0.9193 0.0558 0.0038 0.0016 0.0003 0.0008
BBB 0.0001 0.0014 0.0364 0.9138 0.0392 0.0057 0.0011 0.0023
BB 0.0002 0.0006 0.0022 0.0529 0.8473 0.0819 0.0062 0.0086
B 0.0000 0.0003 0.0012 0.0020 0.0508 0.8537 0.0517 0.0404
CCC 0.0000 0.0001 0.0019 0.0033 0.0079 0.1385 0.5112 0.3371
D 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
Euclidean Distance 0.00218

Source: The transition matrix is from S&P Global Ratings, 2018 Annual Global Corporate Default
and Rating Transition Study. It is the Average One-Year Corporate Transition Rates (1981-2018).
NR is removed as per Equation (3.10).
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To further validate our model, we conduct two retrospective case studies.
Retrosgctive case studies are longitudinal and take place after the events occurred where
the outcomes are knam. Both cases occurred during the 2008 financial ctisés:

Reserve Primary Fund as of August 31, 2008, and for the Financial Square Prime
ObligationsFund as of September 30, 200® apply our model in these cases, we use

the changes in interest rates and corporate borrowing costs consistent witliéye 42

period as described in Table A We useth&t andar d adyedrtr@dneitom 6 s one
matrix for the year 2008 (Table A.3) and the mean and standard deviation of the
recovery rate fr g)mVeMbtanhgldings far theaRederse PAmMaby

Fund aof August 31, 2008 and for the Financial Square Prime Obligations Fund as of
September 3@008. The MMF data are obtained via forrQ) which is a required

schedule of portfolio holdings filed with the SEC. In accordance with our model, we
aggregate holdgs to the parent issuer, and for each issuer we obtaiontperm

par ent c odriptanryatsi cg eusi ng Bl oombergbés subscr
is generally rated by one of the major rating agencies (i.e. NRSROSs), and we use

Standard and Podrs , Mo ody 6 s o04l) rdfngd icthat ofdéraftseleetiordA . 4
subject to availabitly. We alsoobtain equity time series from Bloomberg for the same

issuers (parent companies). In the event an issuer does not have an observable equity time
serieswe use an index or fudosed proxy consistent with Table AL5

On September 15, 2008 Lrelan Brothers filed for bankruptcgnd on September
16, 2008 thdReserve Primary Fund (RRH retail prime MMF, failedAs per form NQ,

RPF held $785 million in f&& amount of commercial paper and medienm notes

issued by Lehman Brothers Holdings, wé value of $782.4 million. With a total AUM
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of $64.2 billion, RPFO0s holdings in Lehman

solely on the default of Lehmaassuming no recovery, the RPF NAV would have been
$0.9878. With redemption requests bintgiquickly and totaling $40 billion
(approximately 62.5% of the fund), on September 16, 2008 RPF suspended redemptions
and declared its NAV to be $0.97. The NAV&#£.97 was an estimate by the RPF and
reflected the changes in interest rates, corporatewiry costs, and costs of liquidation
at that time. With only a small amount of U.S. government debt and corporate
commercial paper (1.43% in total) and large ant®woih agency and financial commercial
paper of 41.9% and 58% respectively, the changinméncial landscape contributed
substantially to the writdown in NAV to $0.97.

In Figure 44 we provide the results of our simulation for the RPF NAV based on
our dress test scenario encompassingAbgust 2%o October 10, 2008 time frame.
During thisperiod, the default of Lehman alone drives the NAS@®878. The
incremental losses of approximately $0.0178 during the period are due to changes in
corporate boowing costs, redemptions, and corresponding costs upon sales. Our results
for the RPF NAV nclude minimum and maximum values of $0.96769 and $0.97667,
with a mean of $0.97082. Timeodelinputs andsimulationresult in a distribution of
NAVs for the RPF thiais consistent with the $0.97 valgeioted by the RPF fund
managers itseptembeR008. Gien the circumstances that prevaile®Gaptembe008
and the positioning of the RPF, we find its failure unsurprising. With the readily apparent
stressinthemarke f or ABCP and many sponsors havi
sheet 06 (i . e hip)RPEhhelthadode tmdd%h @ itsassets in stesrh debt.

In March 2008, JP Morgan Chase bought Bear Stearns with Federal Reserve assistance
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and it became abundy clear that ABCP conduits, investment banks, and banks were at

the epicenteof an onging crisis. In spite of the obvious turmoil, the RPF held 3.272%

of its AUM in obligations issued by Morgan Stanley, which was downgraded from AA to

A on September1], 2008.

The Reserve Fund - Primary Fund

Top Ten Holdings

Fund Ticker(s) RPFXX
As of Date 8/31/2008
Assets (Smm) 64,171
# Holdings 334

# Issuers 77

# Issuers > .005 61

% Issuers > .005 79.22%
WAM 52
WAL 64

Issuer Percent

Morgan Stanley 3.272%
Bank of Ireland 3.156%
Deutsche Bank AG 2.891%
Bank of America 2.844%
Chesham Finance LLC 2.813%
Belmont Funding LLC 2.766%

RBS 2.738%

Ebbets Funding LLC 2.727%
Crown Point Capital 2.703%
Curzon Funding LLC 2.493%

Principal
2,100,000,000
2,025,000,000
1,855,000,000
1,825,000,000
1,805,000,000
1,775,000,000
1,757,000,000
1,750,000,000
1,734,501,000
1,600,000,000

Simulated NAV Results

Sum 28.403%

18,226,501,000

% < .995 1.00000
Max 0.97667
Mean 0.97082
Min 0.96769
.999 %tile 0.97123
.99 %tile 0.97083
.01 %tile 0.97082
.001 %tile 0.97010
Capital Buffer (Bps.) 299

Reserve Primary Fund Holdings by Type

ABCP

Yank. Bond
cP

FRN

Repo

Bank Note
MTN

Other
Prom. Note

Figure 4-4. Retrospective Analysis of the Reserve Primary Fund

As suggested by Flannery et al. (2010), NRSROs are often behind the curve (i.e.

not having a good track record of predicting credit crises) and their4sayenodel is

fraught with

mor e ckly

qgui

began rising in July 2007 and continued to do so through 2008. CDS spreads and equity

conflict

and

Ot her

accurately

readily

t haneadsr edi t

share prices are forward lookimgflecing the aggregate view of market participant

CDS spreads contain important information about the probability of default.
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Based on events and circumstances, RPF was bankingaveament bailout
and instead got stuck holding assets that, if sold, would have resulted in fund failure (as
sales woud have been at steep discounts). With MMFs holding gbort debt that
generaly matures in a twaononth period, RPF had ample time terdsk, given thecredit
risk indicators. But without a government bailout, with no dpegketed sponsor (unlike
ot her MMFs), there was no rescue, and the fu
congequences for financial markets at the time.
There is a long history of sponsor support of MMFs that masks the risk inherent
in these funds. Pierce and Greene (2015) shecu that during the 3@ear history of
MMFs up until that point, thereereover 300instances of sponsor support aimed at
precluding MMFs fr om b r4welkpiovwidg a listofehodeu c k. 0 | n
sponsors that supported their MMFs over the72002011 period (Brady et al, 201R).
the fourth quarter of 2008, Goldman Sachsdtgd $100 million into its Financial Square
Prime Obligations Fund, which had AUM of $32.9 billion. This injection, which typically
would entail the sponsor purchasirggets at face value, where the underlying bonds are
worth less than par, representediacrease of 3®asis points in fund value. Short of the
MMF NAV breaching the $0.995 threshold, or getting too close for comfort, there is no
reason for a sponsor tonghase assets from its own MMFs, and one can reasonably
conclude that the transactisnas executed to preempt the fund
Using the August 29 to October 10, 2008 time frame and holdings obtained from
form N-Q, we can compute the triV of the Financial Square Prime Obligations
Fund(SEC, September 30, 2008) Figue 45 we provide the results of this

retrospective analysis of the Financial Square Prime Obligations Fund. As one can see,
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the minimum and maximum NAVs are $0.98616 &3®9544 with a mean value of
$0.99326. While we cannot know the true NAV at the tohthe sponsor support, it is
reasonable to attribute the-B@sis points in value to the amount necessary to bnang
fund NAV back above $0e2%b5ngndher buekt oi Wi f t
unprecedented number of ratings downgrades, financialeteokatility, widening in
credit spreads, and illiquidtyylo o dy 6 s | nv e st docusnenss &2 fundschat ( 201 0)
received sponsor supporinkstfesupporttd@ @e@livr t o 2009.
deterioration, defaults, and illiquidity. They highlight 8B among those shegrm debt
instruments that were contributing factors to the financial stress.
InFigure45, 72% of the Financi al SMwaar e Pr i me
allocated to ten issuers, including about 10% to the two government sponsorgageo
giants. These giants were effectively nationalized on September 7, 2008 when the U.S.
government purchased preferred stock in each in an effort to backstoprtheaurfid
bolster the housing market. Similar to the RPF, the Financial Square Primgatdbk
Fund was also highly exposed to bonds of other financial corporations. But while the
Financial Square Prime Obligations Fund had a deep pocketed sponsor, itie RSt
Goldman Sachs provided $100 million to preempt its MMFs from failure, aBdtivber
2008 the U.S. Congress authorized $700 billion in spending through the Emergency
Economic Stabilization Act of 2008, and in turn the Troubled Asset Relief Program
(TARP) was born. The TARP effort, which originally started as a plan to purchase
distressed assets from banks, morphed to include direct capital injections into banks, such

as Goldman Sachs, which converted to a Bank Holding Company during the crisis,
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affording them access to TARP, as well as to the Federal Reserve Discount Window.

Financial Square Prime Obligations Fund Top Ten Holdings
Fund Ticker(s) FPOXX, FBAXX, FBSXX, |Issuer Percent Principal
GPPXX, GSPXX, GCPXX |Federal Home Loan Bank 24.274% 8,724,942,000
As of Date 9/30/2008 Repo 8.353% 3,001,800,000
Assets (Smm) 35,936 Bank of America 6.350% 2,281,900,000
# Holdings 119 General Electric Capital Corp 6.032% 2,178,250,000
# Issuers 40 Federal National Mortgage Association 5.647% 2,037,500,000
# Issuers >.005 28 Citigroup Funding, Inc 5.633% 2,029,161,000
% lIssuers > .005 70.00% JPMorgan Chase & Co. 4.712% 1,700,000,000
WAM 45 Federal Home Loan Mortgage Corp. 4.378% 1,575,000,000
WAL 48 Wells Fargo 4.022% 1,445,000,000
BA Credit Card Trust (Emerald) 2.943% 1,060,000,000
Simulated NAV Results Sum 72.344% 26,033,553,000
% < .995 0.99997 Financial Square Prime Obligations Fund Holdings by Type
Max 0.99544 -
Mean 0.99326 B AscP
Min 0.98616 W cr
.999 %tile 0.99328 W RN
.99 %tile 0.99328 =k
.01 %tile 0.99295 7= R—
.001 %tile 0.99069
Capital Buffer (Bps.) 93

Figure 4-5. Retrospective Analysis of the Financial Square Fund

Thesensitivity analyses, comparisons of simulations to analytical formulae,
examinations of convergence, and retrospective cases studies all supperaditgof
our simulation model. This validation work leads us to conclude that the data obtained,
ard simulation model designed, together provide accurate representations of the
distributions of MMF NAVs to determine capital buffer sizes that mitigate the risk of
Abreaking the buck.o In the forthcoming
retail pime MMFs using three different stress test scenarios. Our results will be
compared to two models from the literature, as well as to documented instances of real

world sponsor support.
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4.3 Model Results

We provide our results for our sample of 20 rgtaine MMFs three stress test
scenarios which include August 29 to October 10, 2008 time period and the 2014 and
2018 severely adverse CCAR stress test scenarios as specified by the FRB (Board of
Governors of the Federal Reserve System, 20048). After proiding results, we
compare our capital buffer sizing recommendation with those suggesttahbgn et al.
(2015) and_ewis (2015) We also compare our proposed capital buffer sizirgptmsor
support amounts from over 2007 to 2011 timequeas documenteloy Brady et al.
(2012). Through the use of our simulation model, we examine the relationship between
the capital buffer sizing and WAM, WAL, artde number of unique issuers held in a
MMF portfolio. Finally, we discuss capital buffer ging.

In Table 44 we provide results for the simulation of MMF NAVs for our sample
of 20 retail prime MMFs based on events which unfolded over thaag2eriod
spanning August 29, 2008 to October 10, 200& holdings for each fund were obtained

from Crane Data\ww.cranedata.cojras of September 30, 20Me note that the 20,

retail prime MMFs in our sample are all in compliance Rthlle 2a7 which was

amendedn each of 2010 and 2@1As one can see from thesults, all but oa fund

(Janus Henderson Money Market Fund J NMX X) f#Abreak the bucko at
simulated mean MMF NAV. The sole futtthtd o es not f@Abreak the buck:t
conservative WAM and WAL with each at 24 days which are well below the amehn

median of thesample. Not surprisingly, thame fund has a lower annualized yield of

1.55% where in finance, return and risk are inextricably linked. Jdnsis Henderson

Money Market FundJNMXX) is concentrated with only 22 unique issuers, ande2@ h
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in a weight tlat exceeds 0.5%. But concentration or the number of unique issuers must be
juxtaposed with credit quality as a highly concentrated, but highly rated portfolio of

issuers may prove more resilient than a more diversified portfolio. Inasbntine

Dreyfus General Money Market BGMBXX) is similarly concentrated with 20 unique

i ssuers all held in an amount greater than O
mean and its computed capital buffer is-tBkis points. We note that the captiuffer

is the ONAV of $1.00 minus the simulated NAV at the 0.1% threshold which is

consistent with th®asel Committee on Banking Supervision requirement on keamks

the level employed by Hanson et al. (20B&selCommittee on Banking Supervision

2009).

Table 4-4. Smulated MMF NAVs for 2008 Stress Test Scenario

Fund Ticker |# Holdings # Issuers # Issuers >.005 % Issuers >.005 WAM WAL Ann. Yld.|% <.995 Mean Min .01 %tile .001 %tile|Capital Buffer
VMMXX 390 53 37 69.81% 44 76 2.00 1.0000 0.9889 0.9852 0.9888 0.9880 120
SWVXX 612 71 42 59.15% 38 64 1.84 1.0000 0.9895 0.9865 0.9894 0.9891 109
FNSXX 308 41 29 70.73% 45 57 2.03 1.0000 0.9919 0.9892 0.9919 0.9915 85
VANO1 336 61 36 59.02% 28 62 210 | 1.0000 0.9915 0.9885 0.9915 0.9908 92
SPRXX 298 42 28 66.67% 45 55 1.75 | 1.0000 0.9918 0.9892 0.9918 0.9914 86
PCOXX 312 45 29 64.44% 34 84 2.00 1.0000 0.9824 0.9782 0.9821 0.9816 184
USAXX 153 48 42 87.50% 27 106 1.64 1.0000 0.9812 0.9784 0.9812 0.9803 197
GMBXX 31 20 20 100.00% 22 58 1.17 1.0000 0.9898 0.9874 0.9898 0.9889 111
TSCXX 215 97 68 70.10% 52 110 1.75 1.0000 0.9911 0.9867 0.9910 0.9903 97
IPPXX 87 42 40 95.24% 34 72 2.04 1.0000 0.9885 0.9849 0.9884 0.9879 121
FMIJXX 210 67 44 65.67% 41 113 2.03 1.0000 0.9852 0.9814 0.9851 0.9847 153
CJLXX 184 49 37 75.51% 42 78 2.07 1.0000 0.9872 0.9833 0.9872 0.9867 133
BPRXX 90 30 27 90.00% 31 95 1.58 1.0000 0.9866 0.9830 0.9866 0.9858 142
UPPXX 175 39 31 79.49% 25 47 2.01 1.0000 0.9918 0.9885 0.9918 0.9915 85
JNMXX 50 22 20 90.91% 24 24 1.55 0.0004 0.9965 0.9932 0.9964 0.9956 0
PDDXX 82 27 25 92.59% 21, 78 1.69 1.0000 0.9890 0.9849 0.9890 0.9886 114
SWRXX 214 57 40 70.18% 33 58 1.84 0.9999 0.9906 0.9879 0.9906 0.9901 99
NORXX 130 47 45 95.74% 46 66 1.86 | 1.0000 0.9911 0.9894 0.9911 0.9907 93
FAPXX 150 45 41 91.11% 20 72 1.54 | 1.0000 0.9880 0.9857 0.9879 0.9871 129
PNIXX 125 50 41 82.00% 41 72 1.98 0.9999 0.9903 0.9864 0.9903 0.9898 102

Sources: The transition matrix is the S&P Global Ratings, 2009 Annual Global Corporate Default and Rating Transition Study with the NR category
removed as per Equation (3.10). The mean and standard deviation of the recovery rate are from Moody's Global Credit Policy, 2009. Changes in interest
rates, corporate borrowing costs, agency rates, and municipal debt rates are from the Federal Reserve Bank of St. Louis, Fred economic database.
Changes in spreads for financials are as per IHS Markit.

Note: The above results are based on events and data from the August 29, 2008 to October 10, 2008, 42-day time period.

In Table 45 we providesummary statistics the serve to shed light on certain
relationships among portfolio composition, WAM, WAL, annual yield, and the size of

the capital buffer. The summary statisticdulie the minimum, median, mean, and
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maximum values for thpercent of isuers held in an amount greater than 0.5%, WAM,
WAL, the annual yield, and capital buffer where the resulting values are not necessarily
representative of any individual MMF but ratlodiaracteristics of the sample for select
attributes and the computedpdal buffer. What we find is that lower portfolio
concentratiorcoupled with lesser WAM, WAL, and annual yield are characteristic of a
fund that would not require a capital buffenm8arly, we see that a fund with greater
concentration, higher WAM, WALand annual yield, would necessitate a larger capital
buffer. These relationships are consistent with intuition and the relationship of WAM and
WAL to interest rate and credit spreahsitivity. We also observe that the median

capital buffer is less thahe mean, which implies a leskewed distribution and is
consistent with the simulated distribution of MMF NAVs provided in Figuge Binally,

we note that based on our modelingepeat of the events that unfolded overtiime

period, the SEC reformamed at enhancing the resilience of retail prime MMFs would
not preclude Abreak the bucko event s.

Table 4-5. Summary Statistics for MMF NAVs for 2008 Stress Test Scenario

Value % Issuers > .0083VAM WAL Ann. YId|Capital Buffel
Minimum 59.02% 20 24 117 0
Median 77.50% 34 72 185 110
Mean 78.79% 35 72 182 113
Maximum|  100.00% 52 113 2.10 197

In Table4-6 we provide the results of the si mu
seveely adverse CCAR stress test scenario (Board of Governors of the Federal Reserve
System, 2014). Unsurprisingly, we observe thatonly fund that does not require a
capital buffer ighe Janus Henderson Money Market F{ANMXX) which has a low

WAM and WAL relative to its peers. Similar to our 2008 scenario, the fund with the
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largest computed capithuffer is the USAA Money Market Fund (USAXX)athas a

WAL of 106 days. While two o#r funds have higher WALSs (i.e. TSCXX and FMJXX),
these funds are lesercentrated with the percent of issuers held in a weight greater than
0.5%, 70.10% and 65.67% and each with a larger number of issuers of 97 and 67
respectively. Predictably, we finat increases in issuer concentration, WAM, and WAL
result in a largerapital buffer. We also note that a greater annual yield is typically
followed by a larger capital buffer.

Table 4-6. Simulated MMF NAVSs for 2014 CCAR Stress Test Scenario

Fund Ticker|# Holdings # Issuers # Issuers >.005 % Issuers >.005/WAM WAL Ann. Yld.|% <.995 Mean Min .01 %tile .001 %tile Capital Buffer
VMMXX 390 53 37 69.81% 44 76 2.00 | 0.9984 0.9947 0.9905 0.9942 0.9926 74
SWVXX 612 71 42 59.15% 38 64 1.84 | 0.9997 0.9938 0.9901 0.9933 0.9919 81
FNSXX 308 41 29 70.73% 45 57 2.03 | 0.9897 0.9949 0.9918 0.9944 0.9934 66
VANO1 336 61 36 59.02% 28 62 2.10 | 0.0031 0.9960 0.9928 0.9955 0.9944 56
SPRXX 298 42 28 66.67% 45 55 1.75 | 0.9840 0.9950 0.9913 0.9945 0.9935 65
PCOXX 312 45 29 64.44% 34 84 2.00 1.0000 0.9906 0.9826 0.9896 0.9865 135
USAXX 153 48 42 87.50% 27 106 1.64 | 1.0000 0.9881 0.9810 0.9872 0.9853 147
GMBXX 31 20 20 100.00% 22 58 1.17 | 0.9993 0.9942 0.9905 0.9937 0.9925 75
TSCXX 215 97 68 70.10% 52 110 1.75 1.0000 0.9922 0.9877 0.9918 0.9901 99
IPPXX 87 42 40 95.24% 34 72 2.04 | 0.9999 0.9936 0.9898 0.9929 0.9920 80
FMIXX 210 67 44 65.67% 41 113 2.03 1.0000 0.9913 0.9876 0.9907 0.9897 103
CILXX 184 49 37 75.51% 42 78 2.07 | 1.0000 0.9929 0.9897 0.9923 0.9914 86
BPRXX 90 30 27 90.00% 31 95 1.58 | 1.0000 0.9920 0.9869 0.9913 0.9896 104
UPPXX 175 39 31 79.49% 25 47 2.01 | 0.0125 0.9953 0.9920 0.9949 0.9943 57
INMXX 50 22 20 90.91% 24 24 1.55 | 0.0000 0.9979 0.9958 0.9977 0.9970 0
PDDXX 82 42 38 90.48% 21 78 1.69 | 0.9992 0.9941 0.9897 0.9936 0.9919 81
SWRXX 214 57 40 70.18% 33 58 1.84 | 0.9984 0.9942 0.9890 0.9937 0.9919 81
NORXX 130 47 45 95.74% 46 66 1.86 | 0.9992 0.9941 0.9901 0.9937 0.9924 76
FAPXX 150 45 41 91.11% 20 72 1.54 | 0.9998 0.9939 0.9896 0.9934 0.9923 77
PNIXX 125 50 41 82.00% 41 72 1.98 | 0.9997 0.9938 0.9904 0.9934 0.9923 77

Sources: The transition matrix is the S&P Global Ratings, 2015 Annual Global Corporate Default and Rating Transition Study with the NR category
removed as per Equation (3.10). The mean and standard deviation of the recovery rate are from Moody's Global Credit Policy, 2015. Changes in interest
rates and credit spreads are as per the Board of Governors of the Federal Reserve System (2014) CCAR severely adverse scenario. Data for the 2014 CCAR
is available at www.federalreserve.gov/bankinforeg/CCAR-2014-Severely-Adverse-Market-Shocks-data.xIsx.

Table 4-7. Summary Statistics for MMF NAVSs for 2014 CCAR Stress TesScenario

Value % lIssuers > .00BVAM WAL Ann. Yld|Capital Buffel
Minimum 59.02% 20 24 1.17 0}
Median 77.50% 34 72 1.85 78
Mean 78.69% 35 72 1.82 81
Maximum 100.00% 52 113 2.10 147

The tables that follow include the results and summary statistics for the simulated
MMF NAVOGs for the 2018 severely adverse

Governors of the FederakeRerve System, 2018h Table 48 we provide the results
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t he si mul at ed the shpital Buifar éomputed by subtracting the 0.1%

simulated NAV from the CNAV of $1.00. As observed in Tab#, 4here are now two

funds which do not require a ctgdibuffer. Thevanguard Prime MMKEVANO1), which

had a nazero capital buffer under the 2008 and 2014 stress test scenarios, does not

Abreak the bucko under the 2008 severely ady
low WAM and greater relative pddiio diversification with only 59.02% of unique

issuers bld in a weight greater than 0.5% and with 61 unique issuers in total. Fable 4

makes it readily apparent that portfolio concentration, WAM, and WAL are related to the

need for, and magnitude ofcapital buffer.

Table 4-8. Simulated MMF NAVs for 2018 CCAR Stress Test Scenario

Fund Ticker # Holdings # Issuers # Issuers >.005 % Issuers >.005/WAM WAL Ann. Yld. % <.995 Mean Min .01 %tile .001 %tile Capital Buffer
VMMXX 390 53 37 69.81% 44 76 2.00 0.0471 0.9953 0.9925 0.9946 0.9939 61
SWVXX 612 71 42 59.15% 38 64 1.84 0.9985 0.9942 0.9861 0.9936 0.9924 76
FNSXX 308 41 29 70.73% 45 57 2.03 |0.0650 0.9951 0.9910 0.9946 0.9938 62
VANO1 336 61 36 59.02% 28 62 210 |0.0001 0.9964 0.9940 0.9959 0.9955 0
SPRXX 298 42 28 66.67% 45 55 1.75 | 0.0856 0.9950 0.9919 0.9946 0.9939 61
PCOXX 312 45 29 64.44% 34 84 2.00 1.0000 0.9879 0.9731 0.9851 0.9840 160
USAXX 153 48 42 87.50% 27 106 1.64 1.0000 0.9892 0.9718 0.9881 0.9862 138
GMBXX 31 20 20 100.00% 22 58 1.17 0.9942 0.9946 0.9852 0.9939 0.9932 68
TSCXX 215 97 68 70.10% 52 110 1.75 1.0000 0.9923 0.9839 0.9919 0.9910 90
IPPXX 87 42 40 95.24% 34 72 2.04 0.9988 0.9939 0.9890 0.9933 0.9925 75
FMIJXX 210 67 44 65.67% 41 113 2.03 1.0000 0.9918 0.9870 0.9911 0.9903 97
CJLXX 184 49 37 75.51% 42 78 2.07 0.9999 0.9934 0.9853 0.9926 0.9918 82
BPRXX 90 30 27 90.00% 31 95 1.58 1.0000 0.9924 0.9853 0.9916 0.9904 96
UPPXX 175 39 31 79.49% 25 47  2.01 |0.0043 0.9956 0.9921 0.9952 0.9947 53
INMXX 50 22 20 90.91% 24 24 1.55 0.0000 0.9978 0.9942 0.9974 0.9971 0
PDDXX 82 42 38 90.48% 21 78 1.69 0.9962 0.9946 0.9914 0.9941 0.9935 65
SWRXX 214 57 40 70.18% 33 58 1.84 0.9978 0.9945 0.9838 0.9939 0.9928 72
NORXX 130 47 45 95.74% 46 66 1.86 0.9987 0.9941 0.9843 0.9937 0.9928 72
FAPXX 150 45 41 91.11% 20 72 1.54 | 0.9972 0.9946 0.9814 0.9939 0.9931 69
PNIXX 125 50 41 82.00% 41 72 1.98 | 0.9985 0.9941 0.9885 0.9935 0.9927 73

Sources: The transition matrix is the S&P Global Ratings, 2015 Annual Global Corporate Default and Rating Transition Study with the NR category
removed as per Equation (3.10). The mean and standard deviation of the recovery rate are from Moody's Global Credit Policy, 2019. Changes in interest
rates and credit spreads are as per the Board of Governors of the Federal Reserve System (2019) CCAR severely adverse scenario. Data for the 2018 CCAR
is available at www.federalreserve.gov/supervisionreg/files/ccar-2018-severely-adverse-market-shocks.xIsx.

Table 4-9. Summary Statistics for MMF NAVSs for 2018 CCAR Stress Test Scenario

Value % Issuers >.005 WAM WAL  Ann. Yld.| Capital Buffer
Minimum 59.02% 20 24 1.17 (0]
Median 77.50% 34 72 1.85 72
Mean 78.69% 35 72 1.82 73
Maximum 100.00% 52 113 2.10 160
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While a priori we believe that WAM and WAL are positively related to the
required size ofhe capital buffer, we can test this statistically. Innsixang the positive
relationship between WAM and WAL, and the capital buffer, we employ simple linear
regression to predict a response variabilgor a predictor variable® . The model is
given by:

W I @ (4.1)

For both univariate regressionsis the capital buffef, is the intercept, an@is the
predictor variable (WAMor one regression and WAL for the other.) The residusla
meanzero, random disturbance term which must meet certain criteria in order to draw
inferences. Equation (4.1) represents the population regression line pdreestimating
the model coefiientsT B  we have our estimated or fit the model T T @ Our
null hypothesis is that there is no relationship between our respdnaad predictor

@ variables, and our alternative hypothesis is that there lateorehip between the
response® and predictor® variables. In rejecting or failing to reject the null
hypothesis, we look at the individuaktatistics and)-values for our fitted model, and
also assess the regression usthgpuared and th®stdistic. The four principal
assumptions of linear regression are: linearity, homoscedasticity, independence, and
normality. Linearity means that the relationship between the respansaéd predictor

@ is linear in parameters. Homoscedasticity entailstti@variance of error§ is
constant. Independence mean that there is no dependence among error values
Normality is the distributional assumption around the error termsPlots of the

residuals from the regressions allow us to assess whikdsmassumptions are met.
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For this analysis weonsiders0 issuers, with one being the U.S. government, and
49 being equally weighted financial corporations (25 AA rated and 24 BBB rated). We
use the 2008 Standar d ands3BEnodradrsd tarnadn sH ot o rodns
Global Ratings, 2009}he mean and standard deviation of the recovery rate as per
Moodyod6s GI obal ;Tablkeé&b5.4), arfd thé changes i( iBtéréstorates and
corporate borrowing costs prescribed for the 2018 CCAR dg\atease stress test
scenario (Table %4.5; Board of Governors of the Federal Reserve Sys2&i8). We
uselO degrees of freedom for Stud@rdistributed random variables, and 150,000
simulationsln evaluating the relationship between WAM and thatahpuffer, we first
set the change in interest rates to a constant positivedsi® points (1.00%) for all time
horizons. Recall from Equation (3.5) that tienge in the value of a bond for a change
in interest rates or credit spreads is:

[0 0 BXNh W O B Mi

and thatO andO are equal to the time to maturityy( 0 in (Equation 3.6)For a
portfolio of bonds, the change in value is equal to the sum of the change in values to the
bonds held in the pddlio. Thus, we kna that for a decrease in interest rates we would
have an increase in MMF NAVs, and for an increase in interest rates we would have a
decrease in MMF NAVs. To investigate a relationship between WAM and stressed MMF
NAVS, we set the increa in interest rageto a constant 160asis points and vary WAM
from 10 to 60 days in increments of one day, while holding WAL constant at 70 days. In
investigating the relationship between WAL and stressed MMF NAVS, we use changes in
interest rates presbed by the 2018 CAR severely adverse scenario, but apply a

constant positive 36Basis point (3.00%) increase in corporate borrowing costs for all
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ratings (i.e. AAAAA, A, BBB, BB, B, CCC) for financials. We then vary WAL from 20
to 120 in increments dive days while htding WAM constant at 35 days. Note that 60
and 120 days are the maximum WAM and WAL, respectively, allowed by.®.e
Securities and Exchange Commiss{SEC).

In Figures 46 and 47 we provide the results of varying WAM while holding
WAL constantyice versawhere in both cases our response variable is the capital buffer.
It is readily apparent in these cases that there is a linear relationship between WAM and
the capital buffer and between WAL and the capital buffer. With the intettesand
credit pread duration both a function of timee expected a linear relationshis per
the Gstatistics and correspondingvalues, both regressions are statistically significant.
The'Y-squared values suggest tha variability of each of the predictor vavlesserve
to explain over 99% of the variation in the response variableintéreepts and slope
coefficients are statistically significant as per tkstatistics andj-values. In both
regressions, weeject the null hypothesis, leading us to codelthat there is a
relationship between each predictor and the response variable.

In Figures A.52 and A.53 we include residual plots for the univariate regressions
of the capital buffer against WAM and against WAL. Figure-A $uggests that there is
nodiscernable pattern in the residuals and while the assumption of normality is not
strictly met as evidenced by the quantjeantile plot, we do not deem the deviations
substantial enough to discredit the model for WAM. In Figure Aviie present the
resicdual plots for the regression of the capital buffer on WAL. While there is a parabolic
type pattern in the fitted versus residuals plot, the magnitude of the values is not large.

The parabolic pattern suggests a curvilinear mean responsdiuldas tosormre form of
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nonlinear function. Buthte over, under, and then overestimation are é@sibFigure 4.7
but the departure from linearity is subtle and not substantial enough to expldneaaon
regression methods. For the regression of the capital buff&rAl, the assumption of
normality is not strictly met as evidenced by the quaidgifentile plot, but we do not

believe the modest departure from normality to invalidate the model.

Capital Buffer (y) and Weighted Average Maturity (x)
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Weighted Average Maturity (WAM)(x)
Value t-statistic p-value

Intercept | 110.3045 919.6820 0.0000 F-statistic 9775.05
Beta 0.3123 98.8689 0.0000 p -value 0.0000

R-squared| 0.9950

Figure 4-6. Capital Buffer Size and Weighted Average Maturity

For the hypothetical portfolio, the number of unique issuers is related to the
capital buffer. An extreme portfolio, such as one holding only U.S. goverrgherit
term debt, may require little to no capital buffer. On the other hand, for a fund mith a
of risky credit instruments, and assuming zero recovery upon default, any issuer weighted
greater than 0.5% defaul t i nogvevereng expectshei n a #fADb
relationship between both WAM and WAL, and the required capital butferte be

positive and statistically linear.
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Capital Buffer (y) and Weighted Average Life (x)
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Weighted Average Life (WAL)(x)
Value t-statistic p -value

Intercept | 13.0294 34.5981 0.0000 F-statistic 15364.33
Beta 0.6147 123.9529 0.0000 p -value 0.0000
R-squared| 0.9968

Figure 4-7. Capital Buffer Size and Weighted Average Life

The level of diversification of a portfolio matters and hence the number of unique
issuers is worth exploring. Four sample of retail prime MMFs, the minimum and
maximum number of unique issuers is 20 and 97Dfeyfus General Money Market B
(GMBXX) and T Rowe Price Cash Reseryd@SCXX), respectively. As such, using the
inputs outlined for our analysis of WAM aWdAL, we explore the number of unique
issuers ranging from 20 to 100 in increments of 5 for our hypothetical MMF, which
allocates 25% of itsszets to U.S. government debt, and the remaining 75% to financial
firms. For example, for a portfolio of 20 issaave allocate 25% to U.S. government debt
and 75% split equally among the remaining 19 financial firms (with 10 rated A and 9
rated BBB.) With100 issuers there is 25% invested in U.S. government debt and 75% in
the remaining 99 financial firms (with 50tea A and 49 rateBBB). We hold WAM and

WAL constant.
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While we posited a linear relationship between WAM and the size of the capital
buffer,and for WAL and the size of the capital buffer, we believe thatlinearity is
plausible between the number afigue issuers and the required capital buffer size. For
example, with low correlation, ndimearity could come about by way of diminishing
benefits from diversification. We explore constant-didgonal correlations of 0.01
(low), 0.5 (medium), and 0.7%igh). We note that in practice, correlation among issuers
is greater than zero but less than one, and while we explored 0.99 consthagaitl
correlation for sensitivity analysis, this was a near degenerate case that was appropriate
for numerical vatlation. The Chicago Board Options Exchange publishes an uadies
(Chicago Board Options Exchange, S&P 500 Implied Correlation Indexy 8gkebol
KCJ) thattracks pairwise correlation (Chicago Board Options Exchange, 2009). Since
inception, the meareVel of the KCJ index is approximately 60%, helping to motivate our
tests and their input values. The model we fit is:

w1 1T o1 (4.2)
For the above regressianjs the capital buffef, is the interceptis the predictor
variable, andb is its squared value. The residuds a mearzero, random disturbance
term which must meet certain criteria for drawing inferences. Equation (4.2) represents
the population regression linenareupon estimating the model coefficieitsfi A
we have our esti madeld fow fhAd.iOurnu dypothestses mo d e |
that there is no relationship between our respoaisand predictor & varialdes, and
our alternative hypothesis is that there is a relationship between the respoasd
predictor & variables. We note that W there is a quadratic term in Equation (4.2), we

still employ least squares regression as the model is linearampters.
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In Figure 48, we provide a depiction of the relationship between the number of
unique issuers and the capital buffer sizeisA®adily observable, the relationship is
nortlinear, and it changes with changes to thedidifyonal correlation yae 0.01 (low),

0.5 (medium), and 0.75 (high).) For low correlation therdiari¢ed benefitsto

diversification since, as the number sduers increases, each holding becomes smaller in
weight, thereby making ratings transitions and defaults less ifnpddtis is particularly
evident by viewing the scales of tteaxes in Figure 4. For medium and high

correlation, the relationship lveten the number of unique issuers and capital buffer size
becomes closer to linear. As correlation increases, inngetge number of issuers
becomes less impactfuh turn, as the number of issuers increases from 20 to 100, the
difference between the pigal buffer at the lower number of issuers versus the higher
number of issuers is 17, 9, andb&sis points for comant offdiagonal correlation of 0.01
(low), 0.5 (medium), and 0.75 (high), respectively. In the limit, as correlation tends to
one, we fae the degenerate case where 20 and 100 assets become identical such that
there would be no difference in capitalluif si ze as each portfoli o6:
financial corporate bonds would behave as one large (identical) security

In Table 410 we provide the results from the regressions of the number of unique
issuers (predictor) and capital buffer size (respons&h Bhthe regressions is
statistically significant as evidenced by tkestatistics andj-values. All of the indiidual
fitted parameters are statistically significant as peptsiatistics and)-values. The
adjustedY-squared values suggest that the predictor variables explain a significant
portion of thevariability in the response variable (the required chpitdfer size). In

Table A.53 we provide residual plots for each of the regressions of the capital buffer
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with the number of issuers, for the three levels of constaittiaffonal correlation. There
is a depadre from normality, but we do not believe thtanvalidates the modeling or
necessitates the exploration of robust statistics, which are less sensitive to outliers and

high leverage points.
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Figure 4-8. Capital Buffer Size and Number of Issuers

Table 4-10. Capital Buffer Size andNumber of Issuers

Capital Buffer (y) and Portfolio Size (x) for= .01
Value t-statistic p-value

Intercept 107.2972 54.7951 0.0000 F-statistic  85.61
Beta (x) -0.4672 -6.4865 0.0000 p-value  0.0000
Beta (%) 0.0026 4.3514 0.0007

Adj. R-squared 0.9136
Capital Buffer (y) and Portfolio Size (x) for=.5
Value t-statistic p-value

Intercept 123.0944 161.8106 0.0000 F-statistic 176.38
Beta (x) -0.2251 -8.0430 0.0000 p -value 0.0000
Beta (%) 0.0011 4.8806 0.0002

Adj. R-squared 0.9564
Capital Buffer (y) and Portfolio Size (x) for=.75
Value t-statistic p-value

Intercept 141.9241 114.4497 0.0000 F-statistic 22.52
Beta (x) -0.1663 -3.6456 0.0026 p -value 0.0000
Beta (X) 0.0010 2.5801 0.0218

Adj. R-squared 0.7290
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Basal on our modeling we believe that the SEC reforn0d0 and 2014lid not
go far enough, and that Abreak the bucko eve
market condition§SEC,January 272010; SECJuly 23,2014) TheSEC reforms made
MMFs moreresilient, with a required decrease in WAM from 90 days to 60 days. They
also limited WAL to 120 days and required that all securities held within MMFs have a
maturity of 397 days or less. The SEC also limited individual holdmg® more than
5% for firsttier assets and 3% for secetier assets. The limitations on WAM, WAL,
and the weight held in certain assets, each seem sensible. But, even with the SEC reforms
of 2010 and 2014 in each of the three stress test scenarigspvéa ed, t her e wer e
t he b u c.kndnmarg casas even the mean NAVs of the simulations were less than
$0.995 Based on our modeling, we believe that a capital buffer is necessary to absorb
lossesf $0.005 at a 99.9% confidence intenmalaccoréncewith the Basel Comniiée
on Banking Supervision requirement for bafBasel Committee on Banking
Supervision, 2009)his findingaddressesur first research question and supports our
first hypothesis. Through modeling, we find that WAM and WAL @wsitively related
to thesize of the capital buffer necessary to absorb losses. With WAM and WAL directly
relatedtoaMMFO6s sensitivity to changes in interes:c
finding addressesur second research question and supportsexand hypothesis.
Lastly, we show that increases in the number of unique issuers are negatively related to
the size of the required loss absorbing capital buffer. The relationship between the
number of unique issuers and the size of the loss absorlpitgl cauffer is norinear

and related to the correlation among the issuers. Our findings regarding the number of
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unique issuers and the size of the required capital badigresour third research
guestion and support othird hypothesis.
4.4 Capital Buffer Sizing and Pricing

Hanson et al. (2015) suggest a capital buffer oft3@€s points. Their work is
based on higtevel modeling that does not account for the heterogeneity of issuers. In
fact, in Table 41, the average allocation to U.S. government debt is only 26.70% in our

sample of 20 retail prime MMFs, with the rest aited among diverse corporate issuers.

Further mor e, the SEC reform of 2010 necessit

liquid within one day and 30% of the portfolio must be liquid in one week-:reftsim,
retail prime MMFs increased their holdingslrS. government debt, thereby making
them more resilient.ewis (2015, 20163uggests that a capital buffer of-Bfsis points
is sufficient for normal market environments but tigees on to say that &
concentrated position failed it could requireudfér of up to 5%or 500-basis points.
Capital buffers are not motivated by normal market conditions but rather stressful
financial environments. Furthermore, capital buffers are not meant to completely

eliminate failures, but rather to absorb lossestientast majority of MMF times of

stressWe note thaBrady et al. (2012) document sponsor support that occurred over the

2007 to 2011 time period. The mean ant! pércentile values of the quotiesftthe
sponsor support amount and the corresponiding AUM are 93 and 3tbasis points
respectively.

A 150-basis point capital buffer would have precluded all but three funds from

Abreaking the bucko i n our periodAagust29%b e st

October 10, 2008. A 20Basis pointcai t a | buffer would have
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bucko events f or tbhasisgpoinscapited bufecwoudhave esultedd 150
in no Abreak the bucko out mdaiétbasismint t he 2014
buffer would have sufficed fahe 2018 CCAR stress test. While we do not aim to
preclude all Abreak the bucko events in the
likelihood and put in place capital buffers and a mecharfistinbenefits shareholders,
market participants, artdxpayers who ultimately shoulder the cost of government led
bailouts We believe that a 26Basis point capital buffer can absorb losses 99.9%
confidenceanterval. While this value would have predle d a | | Abreak the bu
for our three stres®st scenarios, we are confident that outcomes that fell just shy-of 200
basis point losses could have exceeded this threshold with minor changes to inputs, such
as portfolio holdings, or the stressedret environment.
In the course of suggesting cigbibuffers for money market funds, one should
also discuss the mechanics of how they would function, and the pricing of the loss
absorbing cushion. Hanson et al. (2015) discuss different approachedgingcl
subordinated share classes and an escrow @icddanson et. al. (2015) suggetstat the
cost of a buffer would be aligned with the credit spread associated with A to BBB rated
firms. They draw this conclusion based on historical default probebibind recovery
rates.Lewis (2016)suggeststhatéh capi t al buffer i s intended t
in the value of areldtivehodh@isamortized eastp. ¥). lkegis as s et s
(2015, 2016}hen goes on to deem the cost of a byffehibitive, andclaims that the
annual yield for retail prime MMFs would be equivalent to U.S. government MMFs. We
disagree that the cost would entirely erase the yield advantage of retail prime MMFs

relative to U.S. government MMFs.
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A capital buffer shold serve to aligb losses in the event that a retail prime

MMF woul d otherwise fAbreak the buddkdaydo The

losses but rather losses relative to the $1.00 CNAV conditional on the true NAV having

dropped to $0.995. Rektprime MMFsslobul d not be required to

NAVsO as such information can foment mas s

buffer absorb losses from $1.00 to $0.98 (i.e-Basis points) conditional on the MMF
reporting to the SE@hat its true NA/ has declined in value to, or below, $0.995. At such
time, subscriptions and redemptions would be suspended and the retail prime MMF
would be precluded from purchasing assets. Instead, the retail prime MMF would enter a
wind-down phase whre maturing asse would raise cash, which would be paid to
shareholders, or held in segregated accounts and invested Hesimodd.S. government
debt. While under normal circumstances periodic interest is paid to owners of deeply
subordinated capital lffier claims, inour proposed scenario interest payments would be
suspended while the MMF receives proceeds from maturing securities in thdawnd
Upon completion of the windown, the first 20basis points of losses (i.e. 2% of the
MMF) would accrued the owners afhe subordinated capital buffer claims, and the face
amount of these notes would decline to zero as the MMF losses increase from zero to
200-basis points. Losses beyond the -b@8is point threshold would be borne by
ordinary shareholder®.ost winddown,the MMF can reopen and take subscriptions by
issuing new ordinary shares and subordinated securities for the new capitallbuffer
drawing an analogy to contingent claims, the capital buffer security can be viewed as
beingshort a dowrand-in put optionwith a strike price equal to the $1.00 CNAV aad

barrier of $0.995and long an ordinary put option withstrike price equal to $@9
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As an example, | etds assumebasigfpaiit a ret ai l
capital buffer reportsotthe SEC thats true NAV has fallen to below $0.995. To make
our example straightforward, we assume that there are 98 ordinary shareholders, each of

whom purchases shares at the $1.00 CNAV for a total value of $38.@06apital buffer

security holdersvould own notesvitha f ace amount of $2.00, wher
bucko event the retail -pdown. froskeeMidditersssomplér,d b e gi n
|l et ds assume that all cl ai mmonttvpedod.dA\scasht ur e oV

is receivedt would be plaed in the segregated account, and while it could be invested in
shortterm U.S. government securities, we will assume for simplicity that it earns zero
interest over the residual period. If after the one month the segregated acastnt w
hold cash in aamount below $98.00, our ordinary investors would suffer losses, and
holders of the capital buffer claims would be wiped out. The capital buffer note holders
would have received periodic interest payments over the period prior to thelauent
would losetheir entire principal amount in the scenario outlined here. If instead, after the
one month period the segregated account were to hold cash in an amount of $99.40, our
ordinary investors would receive their full $98.00, and our capifé&ibooteholders
would receive $1.40, for a total value of $99.40.

We do not agree with Hanson et al. (2015) who suggesththabst of a buffer
would be aligned with the credit spread associated with A to BBB rated firms. Similarly,
we do not agree witLewis (2015, P16), who argues that the cost is prohibitive. While
there are many papers that discuss relevant issues associated with MMFs, the SEC
reforms, and alternatives associated with enhancing the resilience of MMFs, Hanson et

al. (2015) and.ewis (2015)are aloe in modeling the appropriate size of a capital buffer.
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But, neither Hanson et al. (2015) nawis (2015, 2016jielve deeply into the pricing
mechanism.

Spirgel(2018) notes that since the October 2016 reform compliance date, prime
MMFs have earned yields above U.S. government MMFs, with the spread consistently in
the 24 to 3tbasis point range. Using the lower figure of ali2éis point yield above U.S.
governmat MMFs, one can examine the cost in basis points above thetshmrt
governnent debt that would eliminate that-Bdsis point advantage. Given that the 24
basis points come from those securities with a spread above U.S. governmetetrshort
debt, we ca compute the average spread to-hb8. government instruments held in
retail prime MMFs based on the assumption that 25% is typically held in U.S.
government debt and the remaining 75% in risky stesrh debt. Thus, we have that the
typical spread i§ #1X v O €basis points. Now consider a retail prime MMF with
25% in U.S. goverment debt with spread of zero, 73% (reduced from 75% to
accommodate the capital buffer) in risky skhterm MMF instruments, and 2% allocated

to a subordinated capital buffer eetpaying some unknowib per annum in spread
above U.S. government debt. Solving éoin T8t Q— 1 dOn8t 11 g we get 11.68%

In turn, 1168 basis points per annum in spread above U.S. government securities would
need to be paid to holders of the ¢albuffer debt foit to erase the entire yield

advantage of the MMF. Anything less than 1488&is points would allow the retail

prime MMF to continue to maintain a yield advantage relative to its U.S. government
MMF competitors. At the 3Basis point yeld advantage refemeed by Spirgel (2018),

the subordinated capital buffer notes would have to gé@-basis points to eliminate the

yield advantage. Thel68and ¥60-basis point values provide ample room for the
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issuance and payment of a 20ésis poihsubordinated cagt buffer.We note that when

compared to the portfolio of risky shagrm MMF instruments, the 2% represents a loss
absorbing cushion e#—pp ¢ 1B

Beyond the yield advantage which may be used to fund a capital buffer, retalil
prime MMFs have fees whh are generally higher than their institutional counterparts. A
reduction in fees can also beed to fund theost of capital buffe\We note that while
the20basi s point capital buffer spoems | i ke a |
MMF 6 s akeheastrisk by having shorter WAM and WAJteater numbers of unique
issuersandsmaller numbersf, or ng concentrations, will have lower cost buffers.
Duringacrisigeriod,i t i s possible that morekobhamdone |
enter a wind-down phase. Some may argue that with multiple MMFs in wiliomin
phasesthat firms which issue commercial paper will be starved of important financing.
However, the U.S. government has bailed out MMFs and in lieu of supporting bank
sporsors and investsr can direct its efforts towards the firms which are integral to the
real economy. By not supporting funds, regulators will ensure there is a link between risk

and return thereby eliminagy moral hazard
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Chapter 50 Discussion andConclusions

5.1Discussion

In response to the 2008 financial crisis and the role, shortcomings, and bailout of
money market funds (MMFs), the SEC promulgated two refammsndingRule 2a7 in
2010 and 2014 (SEQanuary 272010; SECIuly 23, 2014) The first reform redwedthe
sensitivitiesof MMFs to increases in interest rates and corporate borrowing costs by
decreasing the maximum allowed weighted average maturity (WAM) from 90 days to 60
days and limiting the weighted average life (WA&)120 days. The SEC also
constained the maximum maturity of any individual security held within an MMF to 397
days. The 2010 reform required daily liquidity of 10%, and weekly liquidity of 30%, of
total assets under management (AUM). Furthermore, thé @&Mmendment limited the
amountof assets thanaybe placed in any highly rated security to 5% and placed a 3%
concentration limit on scalled secondier securitiesAs an apparent double standard,
the2014 amendment to Rule-Zarequires institutiongdrime MMFs to price their shares
using markebased values (i.e., floating net asset value per share or FNAV) instead of
the amortized cost method. However, government and retail funds may continue to use
the amortized cost method to value their portfekourities. Additionally, theegond
reform authorizes MMFs to impose liquidity fees and to temporarily suspend
redemptions (i.e., to impose firedemption gat
Furthermore, the reform requires MMFs to satisfy enhangedlity standards, new

disclosue requirements, diversification limits, and stressting obligations.
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The SEC reforms did not assuage critics. At the time of the 2010 reform, Chair
Mary Schapiro already identified potential future modifications, including requiring
FNAYV valuation for 8, or some, MMFs (Schapiro, 2010). Frustrated by the SEC, then
TreasunSecretary Timothy Geithner | obbied for
prompted the Financial Stability Oversight Council (FSOC) to issue proposed
recommendations, which includdtetpossibilities of an FNAV, a capital buffer and
minimum balance at tis(MBR) requirement, and other measures (FSOC, 2012). The
FSOC proposal precipitated the 2014 reform.

Neither the 2010 nor the 2014 reforms satisfied stakeholders. While academics
andregulators argued for FNAVSs, capital buffers, MBR, requisite sponggmosty and
enhanced fund board involvement, the reforms fell short. As an example, in the presence
of financial stress, FNAV does not eliminate a firsdver advantage as early
redempibns remain advantageous should overall redemptions become suffibieaty.

With institutional prime MMFs holding substantially similar (or even the same) assets as
their retail counterparts, redemptionsibstitutionsimpact net asset values (NAVS) of
theretail MMFs Assetbacked, financial, and corporate commercial pdB®) is

generally illiquid, with the vast majority of CP being held to maturity and rolled over, as
opposed to being sold in an active secondary mandeile daily and weekly liquidy
requirements are beneficial during normal market environmentsatbayot sustainable
when financial stress accompanies lasgale redemptions. The sale of liquid assets
increases the risk of the portfolio for the remaining shareholders. Whiligtinaitly

mismatch inherent between a portfolio of securities that natnr@pproximately two

months and the promise of daily liquidity may seem minor, prime MMFs are unable to
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sell large portions of their holdings without suffering steep losses. Infatiscussing

FNAVs Lewis (2016, p. 41) statésatii m a-to-karket prcing is something of a

misnomer for instruments held by MMFs. Unlike in egqtbgsed mutual funds, most of

the risky securities held by MMFs do not tra

Our analysis validates this risk. With our sample of 20 retail prime §)\te
mean percentage of assets allocated to U.S. Treasury securities was 26.70%. This value
closely approximates the 30% weekly liquidity threshold met through maturing assets
and r@urchase agreements.turn, with large scale redemptions the averagalfcannot
easily maintain the 30% weekly liquid assets requirement with little to no secondary
market for their risi securities.

Historically, sponsors have been all too ready tgpstupheir MMFs.Pierce and
Greene (2015) highlight the SEC6s mention of
30-year historyThe frequency of support masks the risk of MMFs. Sporadic sponsor
supportdistorts the link between risk and return and prasaohoral hazard by investors
and fund managers. Explicit sponsor support requiresbaskd capital, thereby making
the financial entity the effective provider of a loss absorbing capital buffer. Howeve
efficient risk transfer results from the sale apital buffer securities to those entities
most willing and able to bear the risk. Ideally, capital buffer securities would be bought
and sold in a secondary market at prices that serve to shed litiie mative riskiness
of MMFs. Finally, SEC reformprovided MMF boards with the ability to impose
liquidity fees and redemption gaté¥e believe thaboards will be extremely reluctant to

impose fees and gatéw fear of reputational harm and brand day®.
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We are not alone in recommending a capital udfea means decreasing MMF
risk. In addition taHanson et al. (2015), the FSOC proposal included four suggestions,
two of which included a capital buff@FSOC, 2012)One suggestion was a capital buffe
of 1% coupled with a minimum balance at risk (MBBQuirement, while the other
proposed a 3% capital buffer. We agree with Lewis (2016) that an MBR requirements is
complex, as it creates a hierarchy with port
losses, and the remaining shares bearing all subgdqesees. The MBR acts like a
buffer, but it is imposed on all shareholders, who generally invest in prime MMFs as
alternatives to lower yielding bank deposits and government f@rdthe other hand,
buffer securities can be sold to those seeking higllyi@ exchange for bearing losses
up to a predetermined amount. In contrast to Hanson et al. (2015) and the FSOC (2012),
our proposed buffer does not absorb-tiaygay losses, but only those losses Hrate
after a retail pri mehMMBubkse eepoatted aefhbtl a
approach provides for an orderly fund widdwn, with proceeds from maturing
instruments placed in a segregated account. Proceeds can then be distributed to
shareholdes while retaining an amount used to determine fiagiments, resulting in
losses to buffer providers alone or to both classes, depending on the total loss amount.
While in this proposahefi br eak t he bucko threshold remain
wind-down is far superior to potentially destabilizing lidations, gating, and
downstream litigation. We note that the proposed $0.995 threshold at wieitl arime
MMF would notify regulators and begin the unwinding process is consistent with the
currentibr eak the bucko t hr es thedadethreSholdhaswmay ar gL

currently exists, the proposed capital buffer would not reduce the likelihood of such
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events. But the proposed size and mechanism of the capital buffer can reduce the
likelihood of fAbreak the buckoensMuadattiens,amds cl ar ity
seniority diminiskesthe uncertainty and panic sales associated with the status quo. The
prioritization of payments, liquidity provided by maturing assets, and clear rules
associted with orderly winedowns will reduce the destalzili ng ef fects of fAbr
bucko events. While one could propose an al¢t
MMF would begin an orderly windown, there are tradeoffor examplealower
thresholdwould result in additional uncertainty for ordinasfiareholdersral higher
costs paid to buffer security holders. We no
board of an MMF that has fAbroken the bucko t
orderly liquidation of fund assets. Our proposal for a capitiéfler coupled with an
orderly winddown bolstes resiliency while clarifying the rules the fund will abide by in
the event it fAbreaks the buckodo (i .e., suspen
distribution to regular shareholders, as opposed to bsdfeurity holders, as assets
mature).

Finally, Lewis (20152016) notes that the cost of a buffer extall times with
the loss absorption capacity rarely used. This should not be viewed negatglij,ths
the cost of the buffer should reflectthlate t ypes of mar ket stress t|
bucko events are rare. To reflect the curren
have relatively short maturities (e.g. eywar) in such casesheyields during good
economic environments wouddign with corporate borrowing costs. It may also prove
fruitful to make buffer securities callable, or include other optionality that adjusts their

face amount based on inflows and outflows from alrptane MMF.
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5.2 Conclusions
We believe that capitéluffers are necessary to enhance the resilience of retail
prime MMFs. The buffer should be configured to reduce the likelihood of destabilizing
mass redemptions impacting shareholders of retail prime $/lsifrd financial markets
more broadly. With capitaluffers in place and with clear rules established, retail prime
MMFs that #Abreak t he b udowns Gisen thanhaturitieseofgi n or de
portfolio securities, an orderly wirdown would allow 6ér payments to shareholders,
thereby providing mucheeded liquidity. The capital buffer should not absorb-tdegay
|l osses relative to the CNAV but rather | osse
Furthermore, a weknown plan for an orderly windownmayalleviate costly litigation
and allow for aetail prime MMF go on and raise fresh capital in the future. We propose
a capital buffer requirement of 2% of the total AUM of a retail prime MMF. Based on the
postreform, observed yield advantage efail prime MMFs over thel.S. Treasury
counterpan, there is ample room to fund a capital buffer in that amount. While all retail
prime MMFs would require the same 2% capital buffer, the cost would vary based on the
risk of the fund and economic enuimoent.
5.3 Contributions to Body of Knowledge
Thisresearch contributes to the body of knowledegarding thdragility of retail

prime MMFs post the SEC reforms of 2010 and 2014. Our work:

1. Specifies a structural defatdased, modeling methodology that takes into
account an array of salient details, urdihg the actual holdings of retail
prime MMFs in determining the ®20f an appropriate loss absorbing

capital buffer. While the existing literature is rife with criticisms of the
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postcrisis, SEC reforms of MMFs, it is lacking in dateven, model
basednethods to guide policy recommendations. Where modeling
methods aremployed, previous authors construct idealized funds based
on industry statistics and fail to account for issuer heterogeneity, the
potential for ratings migrations, pairwise dependeheayy tails, investor
redemptions, and costs of stressed asset sales.

2. Establishes the statistical relationship between each of WAM, WAL, and
the number of unique portfolio issuers, and the capital buffer. This work
also sheds light on the relationship beén asset correlation, the number
of unique issuers in a portfoliond a requisite capital buffer size.

3. Provides a simple formulaic expression to take into account stressed
NAVs and the impact of redemptions and asset sale costs.

4. Proposes a novel approduin the application of a capital buffer. Others
suggest that a capltbuffer should be used to absorb -deyday losses
relative to a retail MMFs CNAV. We suggest that the capital buffer be
used to absorb | osses condWeional on a
further describe an orderly wirdbwn mechanism that serves twal
destabilizing asset sales and likely reduces the costs of litigation.

5.4 Recommendations for Future Research
While this work determirgan appropriate loss absorbing capital bufiéeretail
prime MMFs through the use of modeling and a sampletagbfunds, we did not
explore the substantial overlap in issuers or the impact of redemptions in a particular fund

on the larger fund ecosystem. Prime MMFs hold substantially similar, or many of the
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same, securities, and redemptions necessitate thef saleets, putting downward

pressure on prices. With financial market stress and widespread redemptions, a large
overlap in fund holdings can result in sharply declining asset values in all funds holding
substantially similar, or the same, securities. Ferelnmarkets are compleandthe

actions of market participants can result in unanticipated outcomes, sometimes exposing
the fragility of the overall system. As such, future work should focus on modeling the
entire financial system of prime MMFs. In shdttrther dependencies exist between

FNAV prime MMFs residing in different institutions.

5.5 Epilogue

This work began in earnest in the Fall of 2019. A final research proposal was
approved as of October 31, 2019. With the topic known in advance, marg/rekthits
were generated by yeand 2019. Chapter 1 was completed by January 31, 2020 and the
remainckr of the work followed a closely monitored schedule. While the World Health
Organization officially declared COVH29 a global pandemic on March 11, 2020
financial markets already reacted with selloffs in equities, heightened financial market
volatility, increasing corporate borrowing costs, fligtasquality (e.g., U.S. Treasury
debt), and decreasing liquidity in bond markets. Most important to thisis/tinat the
financial stress led investors to withdraw from prime MMFs and invest in U.S.
governmentand treasury MMFs. Not surprisingly, prime MMFs were unable to meet
those redemptions while maintaining weekly liquidity requirements, as risky commercia

paper (CP) was illiquid. Sales of CP at deeply discounted prices is known to drive MMF

netassetvales ( NAVs) down and expose retail pr

the buckodo events.
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In an article fromTheNew York Times nt i t | ed 0 Whgainsadngar e onc
safe investment, 0 Eavis (2020) describes the
that led the Federal Reserve tdaanch the 2008 financial crisis Money Market Mutual
Fund Liquidity Facility (MMLF, previously deemed TTGMMMF). Withdemptions
and limited sales of CP, prime MMF net asset values (NAVs) declined while dealers
quickly became unwilling to continue to purchase CP and certificates of deposit (CDs).

As such, the market for CP and CDs was frozen. According to the Bankdordtibnal
Settlements (Eren et al., 2020), prime MMFs suffered approximately $200 billion or 20%
of their assets under management (AUM) in outflows over March 2020. At the same
time, U.S. government and treasury MMFs saw over $900 billion in inflows. This
unanticipated and rapid shift by investors reinforced the argument thatrgistreforms

did not @ far enough and that prime MMFs remain a source of instability.

In March 2020 Goldman Sachs Group Inc. injected over $1.8 billion into two of
their prime MMFs which had suffered heavy withdrawg¥cLaughlin, 2020) A JP
Morgan prime funduffered $13 billion in withdrawals the week of March 16, 2020.
Northern Trustobés Prime Obligations Portfolio
flight. Northern Tust later filed to liquidate the fund.

The Feder al Reser v e dsstddidible finangiali ch pr ovi de
institutions to purchase higuality assets from MMFgavea lifeline that once again
puts taxpayer money at risk (FRB, March 18, 2020). Utldeprogram, the Federal
Reserve Bank of Boston will provide noecourse loans to elige borrowers that

purchase assets from prime, singlate, or other tagxempt MMFs. The program will
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absorb up to $10 billion in losses using the Exchange Stalulizaund. As a result, we

anticipate future debate and possible further reform of MMFs.
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Appendix A.1 Select Figures andlables from Literature Review
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Figure A.1-1. Money Market Fund Assets by Type of Fund
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Figure A.1-2. Prime Money Market Fund Holdings by Type of Asset
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Stacked Bar Chart of Prime MMF Commercial Paper by Type
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Figure A.1-3. Prime Money Market Fund Commercial Paper by Type
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Table A.1-1. Prime Money Market Fundslissuers Over 1% of Assets

Prime Money Market Funds
December 2019 (millions of dollars)

All Parent Issuers over 1% of Total Assets

Total Value Percent of

Parent Issuer Country of Portfolio Total
Depository Trust & Clearing Corp (DTCC) |United States $46,203 6.0%
United States Treasury United States 43,151 5.6
Royal Bank of Canada Canada 41,798 54
Sumitomo Mitsui Banking Corp Japan 39,100 5.0
Bank of Tokyo-Mitsubishi Japan 30,040 3.9
Bank of Nova Scotia Canada 29,591 3.8
Toronto-Dominion Bank Canada 26,215 3.4
Wells Fargo & Company United States 25,814 3.3
J.P. Morgan Chase & Company United States 22,741 29
Mizuho Corporate Bank Ltd Japan 21,941 2.8
Credit Suisse Switzerland 21,583 2.8
Bank of America Corporation United States 20,941 2.7
Bank of Montreal Canada 20,898 2.7
Credit Agricole (Sas Rue La Boetie, Calyonffrance 20,562 2.7
BNP Paribas SA France 18,922 2.4
Canadian Imperial Bank of Commerce Canada 16,285 2.1
Groupe BPCE SA France 15,455 2.0
Barclays PLC United Kingdom 14,032 1.8
Australia & New Zealand Banking Group Ltéustralia/New Zealand 13,725 1.8
Federal Home Loan Banks (FHLB) United States 13,065 1.7
Societe Generale France 12,007 15
Svenska Handelsbanken A.B. Sweden 11,846 15
Citigroup Inc. United States 11,722 15
National Australia Bank Australia/New Zealand 11,426 15
ING Groep NV Netherlands 10,017 13
DZ Bank AG Germany 9,545 1.2
Federal Reserve Bank United States 9,229 1.2
Westpac Banking Corp Australia/New Zealand 8,667 1.1
Rabobank Nederland NV Netherlands 8,566 11
Sum  $595,090 76.8%

Source: Investment Company Institute (ICI) available at www.ici.org/research/stats/mmf.
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Table A.1-2. Money Market Fund Net Asset Values for Select Days

Date] Sept.5 Sept.12 Sept.19 Sept.26  Oct. 3 Oct. 10  Oct. 17
1. # of reporting funds 19 31 46 46 50 63 28
2. With NAV < $1.00 13 31 46 46 50 62 28
3. With "shadow" NAV < $0.995 3 5 8 11 9 11 6
Average "shadow" NAVS:
4. All reporting MMFs 0.9967  0.9963 0.9950 0.9937 0.9929 0.9936  0.9927
5. "Shadow" NAV < $1.00 0.9952  0.9963 0.9950 0.9937 0.9929 0.9935  0.9927
6. "Shadow" NAV < $0.995 0.9867  0.9894 0.9850 0.9844 0.9747 0.9775 0.9774
7. $0.95 <"Shadow" NAV < $0.9950.9867  0.9894 0.9850 0.9844 0.9836 0.9824  0.9774
8 Minimum "Shadow" NAV 0.9800  0.9801 0.9788 0.9750 0.9034 0.9285  0.9637

Source: Reproduced from publicly available Federal Reserve Bank of New York Staff Report No. 564. The datz
the U.S. Department of Treasury and the Securities and Exchange Commission (SEC).
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Table A.1-3. MMF Sponsors that Participated in the TTGMMMF

Amount Amount Amount
Insured (USD Insured (USD Insured (USD
Fund Sponsor billions) Fund Sponsor billions) Fund Sponsor billions)
1 FIDELITY $432.96 51 HARTFORD MUTUAL FUNDS $4.90 101 MONARCH INV. ADVISORS $0.63
2 JPMORGAN $242.68 52 PFM ASSET MANG. $4.19 102 DELAWARE MANG. CO. $0.55
3 FEDERATED INVESTORS $219.56 53 PUTNAM INVESTMENT MANG. $4.01 103 NORTHWESTERN MUTUAL $0.55
4 CHARLES SCHWAB $195.00 54 PNC CAPITAL ADVISORS $3.36 104 US GLOBAL INVESTORS FUNDS $0.54
5 VANGUARD GROUP $192.47 55 BB&T ASSET MANG. $2.94 105 GW CAPITAL MANG. $0.52
6 BLACKROCK $147.40 56 BROWN BROTHERS HARRIMAN $2.82 106 AMBASSADOR CAPITAL MANG. $0.50
7 WELLS FARGO $112.72 57 MUNDER CAPITAL MANG. $2.73 107 CALIFORNIA FUNDS $0.41
8 LEGG MASON $102.32 58 ASTON ASSET MANG. $2.68 108 OHIO NATIONAL FUND $0.39
9 GOLDMAN SACHS & CO. $100.17 59 FIRST AMERICAN FUND ADVISORS $2.60 109 IVY INVESTMENT MANG. $0.33
10 MORGAN STANLEY $86.24 60 EQUITRUST INVESTMENT MGMT. $2.48 110 HEWITT $0.33
11 NORTHERN TRUST INV. $82.26 61 MFS INVESTMENT MANG. $2.44 111 BURNHAM ASSET MANG. $0.28
12 COLUMBIA FUNDS $68.37 62 BANK OF HAWAII $2.41 112 NATIXIS ASSET MANG. $0.28
13 DREYFUS $67.66 63 THRIVENT FIN. FOR LUTHERANS $2.32 113 ONEAMERICA $0.27
14 UBS $60.65 64 HUNTINGTON ASSET ADVISORS $2.28 114 STATE FARM $0.25
15 EVERGREEN INVESTMENT MANG. $53.90 65 AIG/SUNAMERICA $2.20 115 EULAV ASSET MANG. $0.25
16 DWS INVESTMENTS $52.56 66 PIONEER INVESTMENT MANG. $2.05 116 HARBOR CAPITAL ADVISORS $0.25
17 HSBC $31.19 67 AMERICAN PERFORMANCE FUNDS $2.04 117 SELIGMAN FUNDS $0.24
18 STATE STREET $27.93 68 METLIFE $2.03 118 FIRST INVESTORS MANG. $0.24
19 TD ASSET MANAGEMENT $27.39 69 ALLIANCEBERNSTEIN $1.94 119 BISHOP STREET CAPITAL MANG. $0.22
20 AMERICAN FUNDS $24.15 70 GLENMEDE INVESTMENT MANG. $1.78 120 MEEDER ASSET MANG. $0.22
21 EDWARD D JONES & CO. $19.16 71 RYDEX INVESTMENTS $1.78 121 SUMMIT INV. PARTNERS INC $0.18
22 VOYAGEUR ASSET MANG. $17.19 72 MAINSTAY FUNDS $1.71 122 ZIEGLER CAPITAL MANG. $0.17
23 TROWE PRICE $16.20 73 JJB HILLIARD WL LYONS $1.67 123 RE ADVISERS $0.17
24 SEI GROUP $15.76 74 TCW INVESTMENT MANG. $1.64 124 FIRST FIN. CAPITAL ADVISORS $0.17
25 RIDGEWORTH FUNDS $15.42 75 WILLIAM BLAIR & CO. $1.63 125 CAPITAL ONE $0.16
26 OPPENHEIMERFUNDS $14.98 76 GE ASSET MANG. $1.59 126 CONSULTING GROUP CAP MKTS $0.16
27 BARCLAYS GLOBAL INVESTORS $14.42 77 TIAA-CREF $1.59 127 SUN CAPITAL $0.15
28 JANUS CAPITAL MANG. $11.97 78 CALVERT FUNDS $1.50 128 ADVANTUS $0.14
29 AMERICAN BEACON ADVISORS $11.97 79 TOUCHSTONE ADVISORS $1.35 129 CHANGING PARAMETERS $0.14
30 USAA INVESTMENT MANG. $10.32 80 WADDELL & REED INV. MGMT CO. $1.29 130 PRUDENTIAL $0.13
31 FRANKLIN TEMPLETON INV. $10.10 81 SCOUT INVESTMENT ADVISORS $1.25 131 FBR FUND ADVISERS $0.12
32 FIFTH THIRD ASSET MANG. $9.03 82 LINCOLN NATIONAL $1.23 132 VINTAGE MUTUAL FUNDS $0.11
33 REICH & TANG ASSET MANG. $9.03 83 PAYDEN & RYGEL $1.17 133 REGIONS/MORGAN KEEGAN $0.11
34 MTB INVESTMENT ADVISORS $8.53 84 ] OHN HANCOCK $1.10 134 RAFFERTY ASSET MANG. $0.10
35 ALLEGIANT ASSET MANG. $8.23 85 FORWARD MANG. $1.10 135 WIETZ FUNDS $0.10
36 AMERICAN CENTURY $8.10 86 TRANSAMERICA $1.09 136 BISHOP STREET CAPITAL MANG. $0.09
37 VICTORY CAPITAL MANG. $7.22 87 PROFUNDS GROUP $1.09 137 NICHOLAS COMPANY $0.08
38 RIVERSOURCE INVESTMENTS $7.21 88 GUIDESTONE FUNDS TRUST $1.09 138 MANAGERS INV. GROUP $0.08
39 CREDIT SUISSE ASSET MANG. $7.05 89 CALLAHAN CREDIT UNION $1.00 139 SIT INV. ASSOCIATES $0.07
40 CITY NATIONAL ASSET MANG. $6.96 90 GABELLI FUNDS $1.00 140 SECURITY INVESTORS $0.07
41 M & | INVESTMENT MANG. $6.87 91 MASSMUTUAL $0.92 141 FRED ALGER MANG. $0.06
42 WILMINGTON FUNDS $6.55 92 PAY PAL ASSET MANG. $0.82 142 PACIFIC LIFE INSURANCE CO. $0.05
43 ING $6.48 93 ECLIPSE FUNDS $0.82 143 OLD MUTUAL CAPITAL $0.04
44 RUSSELL INVESTMENT GROUP $6.43 94 VANKAMPEN ASSET MANG. $0.79 144 SARATOGA ADVANTAGE TRUST $0.03
45 HIGHMARK CAPITAL MANG. $6.40 95 PIMCO $0.77 145 INVESCO/AIM $0.01
46 MERRILL LYNCH $6.18 96 TRUSTMARK INV. ADVISORS $0.75 146 KINETICS ASSET MANG. $0.00
47 HERITAGE ASSET MANG. $6.18 97 EATON VANCE $0.74
48 NATIONWIDE FUND ADVISORS $5.38 98 COMMERCE CAPITAL MARKETS $0.74
49 PHOENIX INV. PARTNERS $5.23 99 WILLIAMS CAPITAL MANG. $0.70
50 JENNISON DRYDEN FUNDS $5.19 100 ALPINE WOODS CAPITAL INV., $0.69 Total (USD billions) $2,716.01

Source: Reproduced from Wilson, Linus, (2013), "Broken Bucks: Money Funds that Took Taxpayer Guarantees in 2008, Social Sciences Research Network.
Note: The table includes money market mutual funds (MMFs) sponsors ranked by the assets guaranteed by taxpayers beginning on September 19, 2008.
The funds listed are those that participated in the U.S. Treasury's Temporary Guarantee Program for MMFs (TTGMMMEF).
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Table A.1-4. MMF Sponsor Support over20071 2011
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