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Abstract of Praxis 

 

 

Mitigating Risk in Retail Prime Money Market Funds:  

Capital Buffer Sizing and Pricing 

    

Money market funds are investment vehicles that purchase short-term debt 

instruments issued by financial and non-financial corporations, state and local 

governments, and government entities.  Money market funds are important to the 

financial system as they provide as an alternative to short-term bank loans for firms, and 

as deposit accounts for investors.  During the 2008 financial crisis the Reserve Primary 

Fund failed, and the U.S. Treasury responded with unprecedented guarantees, thereby 

putting taxpayer dollars at risk.  Post-crisis, 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 funds. We believe that the post crisis reforms instituted by the Securities 

and Exchange Commission are inadequate and that future bouts of financial stress will 

result in fund failures or additional rounds of government led support. Through the use of 

stochastic simulation this work shows that the post crisis reforms are insufficient and do 

not adequately protect against future retail prime money market fund failures.  This work 

suggests loss-absorbing capital as a viable mechanism to enhance the resiliency of U.S. 

retail prime money market funds. The proposed capital buffer is coupled with an orderly 

wind-down mechanism that alleviates the destabilizing nature of fund failures. 
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Chapter 1ðIntroductio n 

Money market funds (MMFs) are investment vehicles that purchase short-term 

debt instruments, including those issued by corporations seeking to manage cash needs. 

In turn, institutions and retail clientele invest in MMFs. Important to the financial system, 

MMFs serve as alternatives to short-term bank loans and deposit accounts, for firms and 

investors. According to the Office of Financial Research (OFR), an independent bureau 

within the United States Department of Treasury, total MMF assets stood at $3.8 trillion 

as of month-end September 2019 (OFR, 2019). With the U.S. Gross Domestic Product of 

$21.54 trillion as of month-end September 2019, MMF assets exceed 18% of all finished 

goods and services produced within the country (Bureau of Economic Analysis [BEA], 

2019). In their 2019 fact book, the Investment Company Institute (ICI) reports total assets 

in U.S. registered investment companies of $21.4 trillion, and MMF assets of 

approximately 18% of this total (ICI, 2019). In sum, MMF assets are sizeable. 

While MMFs may seem to be mundane pooled-investment vehicles, they 

contributed substantially to the 2008 financial crisis. Their role in the financial crisis 

prompted reforms that many deem inadequate because the amendments do not solve the 

problem of MMF fragility (Fisch, 2014). The purpose of this research is to shed light on 

the extant risk in retail prime MMFs, and to provide recommendations for mitigating that 

risk with capital buffers acting as a reserve that absorbs losses. In what follows, we 

provide background, research motivation, problem and thesis statements, research 

questions, objectives, hypotheses, the scope and limitations of this work, and an overview 

of the organization of the remainder of this praxis. 
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1.1 Background 

Financial markets bring together buyers and sellers to facilitate the efficient 

allocation of capital in an economy. Financial intermediaries, such as commercial banks, 

investment banks, mutual funds, and pensions (both defined benefit and contribution), 

connect buyers with sellers. Investors use MMFs to earn a rate of interest in a pooled 

investment vehicle, while preserving access for an immediate return of capital upon 

demand. Investors view MMFs as safe because MMFs are professionally managed and 

invest in short-term, highly rated debt instruments issued by governments and 

corporations. Furthermore, MMFs are mutual funds regulated by the Investment 

Company Act of 1940, and Rule 2a-7 promulgated by the U.S. Securities and Exchange 

Commission (SEC) in 1983 and amended several times thereafter. Rule 2a-7 focuses on 

portfolio requirements for MMFs regarding their sensitivity to interest rates, corporate 

borrowing costs and credit worthiness, liquidity, and diversification. 

On September 15, 2008 Lehman Brothers filed for bankruptcy and on September 

16, 2008 the Reserve Primary Fund (RPF), a retail prime MMF, failed. This failure 

forced the U.S. Department of Treasury to stabilize the entire financial system including 

programs focused on MMFs. The public viewed these programs as extremely 

controversial because they put taxpayer funds at risk (Wilson, 2019). The public objected 

that taxpayer money used to bail out financial institutions might not be paid back in full. 

Given the size, importance, and unprecedented support afforded MMFs during the 

financial crisis, the SEC amended Rule 2a-7 in each of 2010 and 2014 (SEC, January 27, 

2010; SEC July 23, 2014). These post-crisis amendments were aimed at enhancing the 

resilience of MMFs. The 2010 amendment focused on enhancing liquidity and credit 
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quality and shortening maturity limits. The 2014 modification addressed structural 

considerations, including mandating that institutional prime MMFs 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 accounting. As with most 

regulation, the instituted reforms considered the views of both regulators and industry 

lobbyists. Many academics and regulators have since criticized the reforms as insufficient 

for mitigating future MMF failures (and any associated taxpayer funded bailouts). 

This praxis examines the risk in retail prime MMFs and suggests loss-absorbing 

capital as a viable mechanism for decreasing the likelihood of fund failures during 

unfavorable financial market conditions. In this work, we simulate retail prime MMF net 

asset values (NAVs) using stress testing in several scenarios. One scenario is a 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 a post-crisis, regulatory-mandated, annually required stress test for 

large financial institutions. 

1.2 Research Motivation 

The 2008 financial crisis significantly tested the resilience of MMFs. In that 

crisis, one large MMF failed, and investors subsequently, and somewhat indiscriminately, 

sought to redeem (i.e. withdraw their money) from these funds. This ñpanic runò of 

redemptions resulted in the sale of assets at so-called ñfire-sale prices.ò It also increased 

MMF risk aversion, depriving companies of the ability to finance their short-term cash 

needs, thus straining the entire economy. Given the importance of MMFs, during the 

crisis the U.S. Government launched programs aimed at stabilizing MMFs and the overall 
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financial system. Post-crisis, the SEC instituted reforms aimed at shoring up MMFs, 

thereby making MMFs more resilient and able to withstand future crises. The post-crisis 

reforms have since come under scrutiny from academics and regulators as being 

insufficient. 

In this praxis, we examine the resilience of retail prime MMFs. While the post-

crisis SEC reforms served to strengthen MMFs, they resulted in a fragmented 

marketplace of retail prime MMFs and institutional prime MMFs. Retail prime MMFs 

are bought and sold at a CNAV and still use amortized cost accounting, while 

institutional prime MMFs changed to using FNAV. This work shows that retail prime 

MMFs are susceptible to financial turmoil, and that post-crisis reforms are insufficient. 

Retail prime MMFs that employ CNAV are subject to indiscriminate redemptions (so-

called runs) in the presence of financial stress, as first movers are paid $1.00 in full for 

$1.00 of principal invested. But, with a deterioration in asset values, laggards who 

redeem late may receive less, if the fund ñbreaks-the-buck.ò This occurs with a decline of 

more than $0.005 in portfolio value. Upon breaking the buck, the MMF can no longer 

avail itself of amortized cost accounting, and it effectively fails. With the U.S. 

government having rescued several MMFs in 2008, investors may also believe that there 

is an implicit government guarantee, thereby creating so-called ñmoral hazard.ò The 

usual relationship between risk and return is distorted when the SEC puts its thumb on 

the proverbial scale and selects retail prime MMFs as somehow special and allowed to 

use a CNAV (Birdthistle, 2010). Thus, our motivation is to shed light on the fragility of 

retail prime MMFs, and offer advice to investors, financial managers, and especially 

policymakers. 
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Money market funds are not banks, but act similarly as they take investment 

dollars, effectively lending through the purchase of short-term debt securities, paying a 

rate of return to the investor, and allowing for redemptions (investor withdrawals) on 

demand. When first offered, MMFs did not offer check-cashing, ATM access, or other 

bank-like features, as they had FNAVs, which are unpredictable. But, the MMF industry 

introduced such features after moving to CNAV, thereby making MMFs seem quite like 

banks (Birdthistle, 2010). Banks take deposits, make loans, pay interest to depositors, and 

allow for withdrawals. But U.S. bank deposits are insured by the Federal Deposit 

Insurance Corporation (FDIC), which is an agency created by the federal government, 

and which charges for deposit insurance. Through the crisis-period Temporary Guarantee 

Program for MMFs, the U.S. Department of Treasury insured about $2.7 trillion in MMF 

assets for a small fee, arguably below what the market would have charged, and with 

U.S. taxpayers the ultimate guarantor (U.S. Department of the Treasury, September 19, 

2008). As such, one can easily argue that banks with deposit insurance and MMFs that 

benefited from a government backstop should be evaluated similarly as it 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 $0.005. Capital 

buffers are reserves that would serve to absorb losses beyond a certain amount. For 

example, for a fund that would otherwise ñbreak-the-buck,ò a fund with a capital buffer 

in place could continue to meet redemptions at the agreed upon $1.00 for a significant 

period of time. This may potentially be for the duration of a crisis period, and until 

redemptions slowed and underlying asset prices recovered. To determine the appropriate 
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sizes of capital buffers, our work applies stress tests to MMFs using (computer) 

simulation. For each fund examined, a 99.9% confidence interval is established to be 

consistent with the Basel Committee on Banking Supervisionôs requirements for banksô 

incremental risk charges, which in turn are intended to ñcaptureò the risk of issuer 

migration (credit rating changes) and credit losses (Basel Committee on Banking 

Supervision, 2009). 

1.4 Problem Statement 

 Regulatory reforms instituted after the financial crisis of 2008 are insufficient to 

prevent retail prime MMF failures, with negative consequences for investors, 

corporations that rely on funding through commercial paper (CP) markets, and regulators 

who can again be faced with orchestrating controversial fund bailouts. 

1.4 Thesis Statement 

Through the simulation of retail prime MMF NAVs based on fund issuer 

information, changes in interest rates and corporate borrowing costs, a transition matrix, 

recovery rates, redemptions, and transaction costs, it is shown that post-crisis reforms are 

insufficient to prevent fund failures with a 99.9% probability, and that loss-absorbing 

capital buffers are necessary to enhance the resiliency of these funds. 

1.5 Research Objectives 

The objectives of this research include: 1.) providing valuable insight into the 

fragility of retail prime MMFs for regulators to contemplate for future reform aimed at 

strengthening this segment of the market; 2.) educating financial managers who rely on 

CP markets to finance short-term cash needs; and 3.) better informing investors who 

invest in retail prime MMFs. Our objectives are aimed at those directly involved with 
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retail prime MMF issuers of CP, which include: sponsors; ordinary investors; managers 

tasked with cash management to fund inventory, supply chains, and day-to-day 

operations; and those focused on the soundness of the overall financial system. 

1.6 Research Questions and Hypotheses 

This praxis considers three questions that guide our research and the simulation 

approach that is employed: 

¶ Research Question 1: Have the SECôs MMF reforms of 2010 and 2014 made 

retail prime MMFs resilient enough to absorb losses of $0.005 with a 99.9% 

probability in accordance with the Basel Committee on Banking Supervision 

requirement on banks? 

¶ Research Question 2: In making retail prime MMFs more resilient, does the 

proposed loss-absorbing capital buffer size increase with a fundôs sensitivity 

to interest rates and credit spreads? 

¶ Research Question 3: In making retail prime MMFs more resilient, does the 

proposed loss-absorbing capital buffer size a decrease with an increasing 

number of unique issuers? 

The hypotheses for the praxis include: 

¶ Hypothesis 1: The distribution of NAVs generated using simulation shows 

that retail prime MMFs can decline in value by more than $0.005 and 

therefore fail with probability greater than 0.1%. 

¶ Hypothesis 2: The capital buffer necessary to absorb losses of $0.005 at a 

99.9% confidence interval is positively related to a fundôs sensitivity to 

interest rates and credit spreads. 
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¶ Hypothesis 3: The capital buffer necessary to absorb losses of $0.005 at a 

99.9% confidence interval is negatively related to the number of unique 

issuers and influenced 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 maintain a CNAV. The SEC reform of 2014 created a dichotomy 

where institutional prime MMFs use a FNAV and retail prime MMFs use a CNAV. We 

believe that this dichotomy is troubling as both institutional and retail prime MMFs 

invest in very similar instruments, such that transactions by institutional investors can 

impact values of 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 potential to ñbreak-the-buckò in stressed financial markets. 

1.8 Research Limitations  

While only a single MMF failed during the 2008 financial crisis, the reader will 

find that sponsors of funds (e.g. banks) purchased assets from their funds at values 

greater than would have occurred with a sale in the marketplace. This ñsponsor supportò 

is discretionary and problematic, as it could give rise to on-balance sheet capital 

requirements for sponsors, but during the financial crisis it served to prop up funds that 

would have otherwise failed (Brady et al., 2012; Moodyôs, 2010). Similarly, programs 

implemented by the U.S. Department of Treasury greatly assisted the MMF industry and 

pre-empted failures. However, these programs placed taxpayer dollars at risk (McCabe et 

al., 2012). With sponsor and government support, only one fund ultimately failed during 

the financial crisis. As such, we do not have a rich set of fund failures to use to validate 
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our model. However, there is enough information on the single failed fund and certain 

others to conduct case studies to establish the reasonability of our modeling method. 

Finally, using degenerate inputs and analytical approximations, we can firmly establish 

the soundness of our simulation approach. 

1.9 Organization of Praxis 

The remainder of this praxis includes four chapters. In Chapter 2, we provide a 

literature review that contains several sections including the genesis, history, and 

essentials of MMFs, the 2008 financial crisis and MMFs, the post-crisis SEC reforms and 

criticisms, and methodological considerations related to this research. Chapter 3 is 

focused on methodology where we detail our simulation approach. This necessitates a 

discussion of transition matrices, the stylized statistical behavior of financial asset prices, 

and recovery rates. In Chapter 4, we present our results, supported by several tables and 

figures. In Chapter 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 and thoughts on specific areas for future research.  
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Chapter 2ðLiterature Review 

 

2.1 The Genesis, History, and Essentials of Money Market Funds 

The Banking Acts of 1933 (Glass-Steagall) and 1935 prohibited interest payments 

on demand 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 Banking Act of 1933 set interest rate ceilings that prevailed for much of the 20th 

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. According to 

a transcript from a roundtable on money market funds (MMFs) and systemic risk (SEC, 

2011), former Chairman of the Federal Reserve Paul Volcker stated that: 

ñI happened to be there at the birth of money market funds. It was pure 

regulatory arbitrage. Banks could not pay interest on demand deposits. So, 

there was a gap in the market, which was filled by money market funds 

saying, "We'll pay you interest, and we'll provide a demand deposit."é It 

is a shadow bank.ò 

Many point to Regulation Q as the impetus for the creation of MMFs. Interest rate 

regulation was abolished in 1986. In the 1990s, interstate banking barriers ceased. Then 

the Financial Services Modernization Act (Gramm-Leach-Bliley Act) repealed the 

Banking Act of 1933 (Glass-Steagall). 

With the backdrop of Regulation Q, the Reserve Primary Fund (RPF) MMF 

began to offer shares to 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 (1979) 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 and stand at $3.8 trillion as of month-end September 2019 (OFR, 

2019). 

Investors view MMFs as alternatives to bank deposits that often offer higher 

yields. However, there are important differences. While regulated banks use a 

combination of deposits, equity, and debt financing to originate loans, MMFs accept 

investments and provide short-term financing through the purchase of debt instruments. 

Additionally, the FDIC safeguards bank deposits, while MMFs are uninsured. Banks and 

MMFs stand ready to meet withdrawals (redemptions), but only the former has access to 

the Federal Reserve Discount Window that allows eligible institutions to borrow on a 

short-term basis. MMFs must sell assets into a secondary market to meet redemptions. 

MMFs are classified according to investment focus. Some invest primarily in 

government securities, others in tax-exempt securities, and others in highly rated, short-

term debt issued by corporations. The investment focus of MMFs leads naturally to the 

taxonomy of government, tax-exempt, and prime MMFs. With post-crisis reforms 

instituted by the U.S. Securities and Exchange Commission (SEC), there is currently 

greater granularity in taxonomy with institutional prime and retail prime MMFs, 

institutional tax-exempt (i.e. municipal or muni) and retail tax-exempt, and government 

funds that may or may not allow for fees and gates associated with redemptions. In 

Figure A.1-1 we depict the assets by type of MMF. 
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In the U.S., MMFs are generally open-ended which means that subscriptions or 

redemptions are directly with the fund. In the U.S., MMFs initially had a floating net 

asset value (FNAV) but upon petitioning the SEC the industry received an exemption 

providing permission to use amortized cost accounting (Birdthistle, 2010). In contrast to 

mark-to-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 less. With 

the adoption of a constant net asset value (CNAV), MMFs further enhanced their stature 

as surrogates 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 (NAV) declines 

to $0.9949 or increases to $1.0050. Given a CNAV of $1.00, it seems logical to redeem 

shares at $1.00 before others do so,  provided one anticipates a decline in value greater 

than $0.005, where an MMF may no longer avail itself of amortized cost accounting and 

is said to ñbreak the buck.ò Breaking the buck is a ñcardinal sinò for an MMF and will 

generally result in a failure followed by litigation. 

Of the different types of MMFs, only prime funds experienced significant turmoil 

during the financial crisis of 2008. This is unsurprising as prime MMFs invested in 

commercial paper (CP) issued by corporations (i.e. non-financial and financial) and 

short-term asset backed commercial paper (ABCP) issued by off-balance-sheet conduits 

set up by banks to purchase long-term asset backed debt instruments financed by ABCP. 

Commercial paper is short-term, unsecured debt with a maturity no longer than 270 days. 

Asset backed commercial paper is CP backed by underlying assets which may include 

credit card receivables, student loan debt, mortgages, and other collateral. Prime funds 

also invest in floating rate notes, certificates of deposit, U.S. government obligations, 
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repurchase agreements, and other assets. Post-crisis and with the SEC amendments to 

rules governing MMFs, only government, retail tax-exempt, and retail prime MMFs 

maintain a CNAV. In Figures A.1-2 and A.1-3 we summarize the instruments held by 

prime MMFs with the first 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 as they set up fund vehicles and offer these 

investments to clients. Banks and financial firms are large issuers of CP, which figure 

prominently in the portfolios of prime MMFs. In Table A.1-1 we provide information on 

parent issuers greater than 1% of total assets for prime MMFs. Prime MMFs invest 

heavily in financial CP including obligations issued by non-U.S. entities (Table A.1-1). 

The vast majority of academic research on MMFs is after the 2008 financial crisis 

and aimed at detailing the role of MMFs in the crisis, the SEC reforms of MMFs in 2010 

and 2014, and criticisms of the regulatory regime. The research also delves into the 

genesis of the 2008 financial crisis, including the role of ABCP, transmission 

mechanisms that infected banks and MMFs, and government actions in support of 

financial markets and various participants. With our emphasis on the risk of retail prime 

MMFs, we highlight select papers focused on this topic. 

Koppenhaver (1999) found that funds that engaged in greater risk taking through 

the purchase of agency and CP holdings rewarded investors with higher returns while the 

funds enjoyed larger inflows. Exploring fee waivers by MMFs, Christoffersen (2001) 

finds evidence that fund managers use waivers to enhance performance and expected 

fund inflows. Kacperczyk and Schnabl (2013) examine MMFs over the 2007-2010 

period. They find that funds had ample opportunity to enhance their risk taking, and those 
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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 over the 2007 

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 held securities of 

issuers, sponsors, or liquidity providers with credit default swap (CDS) spreads between 

200 ï 300-basis points (i.e. 2% - 3%).  As a reference point, Rosengren (2012) notes that 

the U.S. government five-year CDS spread was 30-basis points at the same time. 

Rosengren (2012) also notes that 4.5% of holdings by prime MMFs were of issuers with 

CDS spreads in excess of 400-basis points. Prime MMFs remain substantially exposed to 

non-U.S. financial institutions and we note that this has been the case since prior to the 

2008 financial crisis (Table A.1-1). 

2.2 Money Market Funds and the 2008 Financial Crisis 

 The 2008 financial crisis would be more aptly called ñthe 2007 to 2009 financial 

crisis.ò  Many point to certain events in 2007 as the first phase of 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 there was a ñbubbleò in the housing market. They used surveys that focused on four 

metropolitan areas including Los Angeles, San Francisco, Boston, and Milwaukee. 

Moreover, they used information on other markets and results from a prior survey related 

to housing price increases in the 1980s followed by declines in the early 1990s. Case and 

Shiller (2003) found that for many states income growth, falling interest rates, and 

reduced financing costs fully explained increases in housing prices. The authors also 
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found that there were elements of a bubble in single family housing with a ñbubbleò in 

this case characterized by purchases fueled by potential future price increases, and 

strongly influenced by word-of-mouth. Finally, Case and Shiller (2003) concluded that, 

in some frothy markets, housing prices are likely to fall, and the consequences can be 

severe. 

Ramskogler (2014) traced the origins of the financial crisis from low-interest rates 

resulting from FRB actions associated with the burst of the technology bubble in equity 

markets, to a savings glut abroad 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 flows were derived from mortgage payments. Such securities were 

eagerly purchased by those seeking higher yields in the low interest rate environment. 

Banks enthusiastically participated in securitization and as they sold on-balance-sheet 

assets they reengaged in the credit-generating process. Institutional investors devoured 

securitized debt. With the creation of off-balance-sheet ñspecial purposeò entities which 

purchased assets from banks through the issuance of short-term asset backed commercial 

paper (ABCP), banks were arguably less focused on underwriting standards. With banks 

extending lines of credit and other support to the special purpose entities they created, 

credit ratings agencies regarded short-term ABCP issued by these conduits as relatively 

safe. But cracks appeared in 2007 and would later infect financial intermediaries 

including banks and so-called ñshadow banks,ò such as MMFs that were large purchasers 

of ABCP, and CP issued by financial firms. Investment banks are different from their 

federally chartered bank brethren as the former use assets to finance their day-to-day 

operations while the latter rely largely on deposits. Investment banks financed day-to-day 
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operations through repurchase agreements or ñreposò which are collateralized loans. As 

lending standards deteriorated and mortgage payments faltered, repo financing dissipated 

and in turn left investment banks without ample liquidity to fund day-to-day operations. 

When investors soured on complex securities backed by loans, banks were left holding 

large amounts of troubled assets. As this unfolded, MMFs reduced their purchase of 

ABCP and CP issued by financial and non-financial firms. 

 Gorton and Metrick (2012) highlight the ñpanicsò that ensued in August 2007 in 

the market for ABCP, the implications for MMFs, and the policy responses by 

government officials. The authors point out that in contrast to a traditional run on a bank 

where depositors withdraw deposits en masse, the 2008 financial crisis was a run on the 

shadow banking system which includes those entities that function similar to banks but 

without deposit insurance and access to the Federal Reserve Discount Window. Mishkin 

(2011) divides the financial crisis into two phases--the subprime mortgage crisis and the 

global financial crisis. According to Mishkin (2011), the collapse of the investment bank 

Lehman Brothers, the near collapse and bailout of American International Group, a 

company that insured complex instruments based on subprime mortgages, the run on the 

RPF, and the initial failure to get a troubled asset relief plan through Congress, took the 

crisis global. Both Gorton and Metrick (2012) and Mishkin (2011) point to issues in the 

subprime mortgage market in early to mid-2007 as the starting point of the crisis. In 

Figure 2-1 we trace the origins of the financial crisis as detailed by Ramskogler (2014) 

and augmented by the works of Mishkin (2011) and Gorton and Metrick (2012). 
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 Even with evidence of stress in the market for ABCP issued by special purpose 

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

assets and held 39.7% of its portfolio 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, the firm was rewarded, 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 floating rate notes, and 1% in asset backed securities. As of December 

1, 2007, the RPF held $375 million in commercial paper while Lehmanôs stock price was 

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

in CP and medium-term notes as Lehmanôs stock price declined to $37.64. At the time of 

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). 

Prior to failure and upon increasing its exposure to ABCP and CP, including 

exposure to Lehman, the RPF grew from $28 billion to $64 billion from May 31, 2007 to 

 

Figure 2-1. Tracing the Origins of the Financial Crisis 
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May 31, 2008. Investors rewarded the RPFôs risk taking with large inflows of assets, 

even as stress in the financial 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 Lehman, the RPF was inundated with redemptions. By 

September 16, 2008 fund investorsô redemption 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 $0.97 (Akay et al., 2015). 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 2007 which led to the failure 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 (Kacperczyk & Schnabl, 

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 Federal Reserve 

program aimed 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 Fannie Mae and Freddie Mac. 

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

swift. McCabe (2010) reports that institutional investors acted immediately with prime 
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MMF assets declining by $450 billion (21 percent) over the four weeks beginning 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 Reserve 

announced the Asset-Backed Commercial Money Market Mutual Fund Liquidity Facility 

(AMLF: FRB, September 19, 2008). The U.S. Treasuryôs Temporary Guarantee of 

Money Market Mutual Funds (TTGMMMF) was announced on September 29, 2008 and 

was open to eligible MMFs that had NAVs greater than or equal to $0.9975 as of 

September 19, 2008 (U.S. Department of the Treasury, September 19, 2008). The Federal 

Reserve Bank of New York announced the Commercial Paper Funding Facility (CPFF) 

on October 7, 2008 (FRB, October 7, 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 

non-recourse loans to U.S. depository institutions and banks to finance their purchases of 

ABCP from MMFs. With MMFs holding large amounts of ABCP, the AMLF provided 

banks with the ability to purchase assets from MMFs to facilitate redemptions. The 

TTGMMMF guaranteed that shareholders would receive $1.00 upon redeeming from an 

MMF. The guarantee was made possible by the Exchange Stabilization Fund that was 

established by the Gold Reserve Act of 1934 and had approximately $50 billion in assets 

(U.S. Department of the Treasury, 2008). The FRBôs CPFF provided a liquidity backstop 

to U.S. issuers of CP through a special purpose vehicle (SPV) that would purchase short-

term CP and ABCP from eligible issuers. The MMIFF provided funding to special 

purpose vehicles to purchase CDs and CP with maturities of 90 days or less issued by 
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highly rated financial institutions (FRB, October 21, 2008). Put simply, the AMLF, 

CPFF, and MMIFF were aimed at increasing liquidity and the TTGMMMF reduced runs 

on MMFs as it guaranteed the $1.00 NAV. 

 Anderson and Gascon (2009) reviewed the 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 ABCP. Kacperczyk and Schnabl (2010) discuss the basics, 

supply, demand, the crisis, collapse of the CP market, and the government response. 

According to Kacperczyk and Schnabl (2010), the Federal Reserveôs unprecedented 

support of CP and MMFs resulted in the direct purchase of CP in an amount of $370 

billion and a guarantee of MMF investments worth about $3 trillion. Covitz et al. (2013) 

document runs in the market for ABCP. Using cross-sectional data and a regression 

model, the authors determine the probability of an ABCP program experiencing a run 

based on program and sponsor characteristics. The authors found that programs with 

weaker liquidity support from sponsors and lower ratings were more likely to experience 

runs as defined by short-term creditors refusing to roll maturing debt holdings. Consistent 

with other authors, Covitz et al. (2013) note that bank sponsors provided explicit and 

implicit support to ABCP programs thereby further straining financial institutions. 

 The financial crisis exposed the fragility of MMFs and their importance to the 

financial system. Banks are both sponsors of MMFs and issuers of CP purchased by 

MMFs. Financial institutions set up the conduits that issued ABCP. MMFs were the 

largest purchaser of the short-term debt necessary to keep these entities afloat. With stress 

in the ABCP market, MMFs pulled-back, thereby leaving banks vulnerable as they 
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provided support to the conduits they created. While banks purchase explicit deposit 

insurance through the FDIC and have access to the Federal Reserve Discount Window 

which facilitates short-term borrowing, MMFs are susceptible to runs and ill-equipped to 

meet large-scale redemptions through the sale of illiquid CP. Investment banks also 

proved fragile with their reliance on their inventory of securities to borrow cash through 

repurchase (i.e. repo) agreements. With the demise of Bear Stearns and Lehman Brothers, 

Goldman Sachs and Morgan Stanley converted to bank holding companies and Merrill 

Lynch was acquired by Bank of America. 

 While only one MMF failed during the crisis, many more would have ñbroken the 

buckò without sponsor support and government programs aimed at enhancing liquidity 

for CP and ABCP and providing direct guarantees aimed at reassuring fund investors of 

their ability to redeem at $1.00. In a Federal Reserve Bank of New York staff report 

focused on a proposal to mitigate systemic risk in MMFs, McCabe et al. (2012) provide a 

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

funds that participated in the TTGMMMF. Table A.1-2 is a reproduction that shows that 

on those days for which NAVs are included, many funds had ñshadowò NAVs (i.e. true 

NAVs) below the $0.995 value at which a fund would ñbreak the buckò, fail, and no 

longer be able to meet redemptions at a $1.00 NAV. Using the Freedom of Information 

Act (FOIA) request, Wilson (2019) finds that 358 funds or groups of funds (e.g. a single 

bank may sponsor several funds) took advantage of the TTGMMMF. The author 

provides a list of the participating fund sponsors along with the amounts insured which 

total to $2.7 trillion and include 146 unique sponsors. Table A.1-3 Wilson (2019) also 
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notes that the insurance fees paid were well below those which would have been charged 

by the market. 

Sponsors support their MMFs to ensure the go-forward viability of the franchise 

and to guard their reputation. Sponsor support is ad-hoc, controversial, and especially 

problematic for banks that are at once receiving assistance from the federal government 

through capital injections while at the same time using funds to purchase distressed assets 

from MMFs at face value. According to Pierce and Greene (2015), in a July 2012 speech, 

the head of the SEC mentioned that in the 30-year history of MMFs there have been over 

300 instances of sponsor support to prevent MMFs from ñbreaking the buck.ò Brady et al. 

(2012) provide a list of those sponsors that supported their MMFs over the 2007 to 2011 

time period. We include this in Table A.1-4. The authors identify 78 funds which 

received sponsor support, 123 instances of support, and a total amount of support of $4.4 

billion with many instances where the amounts were far larger than the 50-basis points in 

decline at which time a MMF would ñbreak the buck.ò Moodyôs (2010) also documents a 

long history of sponsor support for MMFs. 

Government programs coupled with many instances of ad-hoc sponsor support 

lend evidence to the assertion that MMFs are fragile. After the financial crisis, the SEC 

amended Rule 2a-7 in each of 2010 and 2014 (SEC, 2010; SEC 2014) with the goal of 

enhancing the resilience of MMFs. 

2.3 Post Crisis SEC Reforms and Criticisms 

 The SEC amended Rule 2a-7 of the Investment Company Act of 1940 following 

the financial crisis. There were two major rule changes. The first in 2010 and the second 

in 2014. The 2010 reform sought to curtail risk taking by increasing the minimum 
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percentage of assets in highly liquid securities, limiting an MMFôs exposure to lower 

quality securities, reducing the weighted average maturity (WAM) limit from 90 to 60 

days, and imposing a limit on the weighted average life (WAL) of a fundôs portfolio to 

120 days. The amendment also required periodic stress testing, specifying key elements 

of an analysis and monthly reporting requirements but not demanding a particular 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 purchased. The new rule took effect 60 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 and tax-exempt 

funds institute a floating rate net asset value (FNAV). With this change, institutional 

MMFs were no longer able to use amortized cost accounting and had to value their 

securities using market-based factors and redeem shares at the FNAV. Finally, the rule 

change allowed funds to impose fees and gates during times of stress (SEC, July 23, 

2014). 

 With the reforms debated prior to adoption, it did not take long for academics and 

policy makers to level criticism. Prior to the 2014 SEC reform of Rule 2a-7, the Financial 

Stability Oversight Council (FSOC, November 13, 2012) sought comment on its 

suggested recommendations aimed at addressing structural vulnerabilities in MMFs. The 

FSOCôs proposals included an FNAV, a 1% capital buffer plus a minimum balance at 

risk (MBR) requirement of 3% of a shareholderôs highest account value in excess of 

$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 serve to absorb day-to-day variations in fund NAVs and to 
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mitigate the likelihood of runs. The FSOC also recommended tailoring a NAV buffer to 

the risk of a fundôs assets. The SECôs 2014 reform requires a FNAV for institutional 

funds, but it created a dichotomy with retail prime, tax-exempt, and government MMFs 

maintaining a CNAV. Given that institutional investors were quick to flee prime MMFs 

during the financial crisis, but retail investors did not redeem en masse, the logical 

conclusion is that the SEC does not view the latter as potentially destabilizing. However, 

with government programs announced only shortly after the failure of the RPF, we 

cannot know how retail investors would have reacted given more time. 

 A large body of research criticizes the SECôs reforms of 2010 and 2014. 

Birdthistle (2010) argues for all MMFs to have an FNAV or an insurance facility that 

guarantees deposits in 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), transparency would serve to 

alleviate moral hazard and systemic risk, link risk and return, and level the playing field 

as the SEC has deemed retail MMFs to be a special case. The SEC reform of 2010 

required enhanced reporting, including reporting the ñshadowò or true NAV of MMFs. In 

a proposal shared with the SEC the Squam Lake Group (2011), a non-partisan group of 

academic economists, suggests the same three alternatives as the FSOC but stresses that 

their preferred alternative is a capital buffer. Locke and Locke (2012) examine the flow 

of assets into funds to determine if investors take account of shadow NAVs when 

allocating to MMFs. The authors use data obtained from the required SEC monthly form 

N-MFP and the subsequent publication of shadow prices on the agencyôs EDGAR 

website. Based on a 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 larger sample of funds 

and distinguishes between 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 2007 to 2010 time period, fund 

inflows were highly responsive 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 portion of an investorôs balance is held back 

and therefore subordinated. McCabe et al. (2012) provide a simple example of the MBR. 

Suppose there are two investors Investor 1 and Investor 2 each with $100 in a fund with 

total value $200. Assume the ὓὄὙ υϷ so that each can only redeem $95 immediately 

and they must each leave $5 in the fund for a minimum period of 30 days. Assume also 

that one day hence, upon hearing of a distressed asset that constitutes 2% or $4.00 of the 

fund value Investor 1 redeems her available 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 asset loses 95% 

of its value or $3.80. The total loss is now $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), Investor 1ôs balance is worth $4.81, and 

Investor 2ôs balance is $96.19, 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 

ñbreaks the buck.ò With a CNAV, if Investor 1 had sold all of her shares and received 
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$1.00 per share and the distressed asset then lost 95% of its value, the entire loss amount 

would be allocated to Investor 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 

immediacy. 

Gordon and 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 can be alleviated through an FNAV but rather state that ñloss absorbing capital 

is the only alternativeò (p. 329). Pierce and Green (2014) suggest that empowered boards 

should be able to suspend redemptions at their discretion and for any period of time. 

While the authors give consideration to capital buffers funded by subordinate debt or 

equity, they conclude that it would be too expensive. As with many research papers, 

theirs is bereft of modeling and offers no estimate of the size or cost of a buffer. Fisch 

(2015) argued strongly in favor of requiring sponsors to support their MMFs. By 

requiring sponsor support, the author suggested that senior managers would be more 

disciplined in their oversight and that portfolio managers would be more constrained in 

their risk taking. Using a regression model, Akay et al. (2015) found that those MMFs 

that participated in the governmentôs AMLF program were riskier than those that did not. 

Their research suggested that the issues for MMFs were less related to liquidity and more 

focused on asset quality and valuation. The authors posited that the SEC reforms are a 

partial solution toward making MMFs more resilient but found that the continued reliance 

on credit rating agencies is troubling and the switch to an FNAV does little as the 

instruments held by MMFs are often illiquid. 
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 Hanson et al. (2015) evaluated MMF reform proposals and pointed to subordinate 

capital as the preferred means by which to enhance the resilience of these funds. Their 

work considered other proposals including the MBR, FNAV, increased transparency, 

liquidity fees and redemption gates. The researchers suggested that an MBR is similar but 

noted that capital buffers can be provided by more risk tolerant investors who, in turn, 

receive appropriate 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 difficult and leads to significant costs upon liquidation. There is nothing about 

an FNAV that precludes a run. While a CNAV introduces a first-mover advantage, 

informed investors and those that are risk sensitive may still flee a fund with an FNAV in 

the presence of distress. Hanson et al. (2015) criticize the SECôs enhanced reporting, 

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 

disincentivizing 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. (2015) used 

the Vasicek (2002) large portfolio loan model and solve for the pth percentile of the loss 

distribution for a hypothetical prime MMF (Appendix A.2). The authors explain that the 

Vasicek model is a ñtool for translating common sense insights of modern portfolio 

theory into the credit portfolio context where losses on individual positions tend to be 

binaryò (p. 1013). In employing the model, these researchers assume ὴ ωωȢωϷ as this 

value is commensurate with the Basel Committee on Banking Supervision requirement 
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on banks (Basel Committee on Banking Supervision, 2009). To compute the percentile 

value of the portfolio ὑὴ such that probability of loss ὴ on an ñinfinitely largeò 

homogeneous portfolio equals  ὖὶὒ ὑὴ ὴ, the authorôs employ the following: 

ὑὴ ‗Ͻɮ                                            (2.1)    

In Equation (2.1) ‗ is the loss-given-default, ” is the asset correlation, “ is the annual 

probability of obligor default, ɮϽ is the standard normal cumulative distribution 

function, and ɮ Ͻ is its inverse. As a base case, the authors assume ‗ ρ, ” πȢυ, 

and “ ȢπσϷ. The inputs are based on the fact that the loss-given-default for Lehman 

Brothers Holdings was about 90%, the average 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 default probability is consistent with credit rating agency data. 

In Table 2-1 we provide an example 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. While computed independently, the results in Table 2-1 match those 

of Hanson et al. (2015). 

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

 

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

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

assume 99.9% to be consistent with banking regulation. From Equation (2.1) and Table 

# of Issuers 100

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%

(1 - l) 0% 40% 1.14% 2.03% 2.83% 3.55% 4.23%

p 0.999 50% 1.50% 2.77% 3.90% 4.93% 5.90%

MMF AUM 100 60% 1.81% 3.49% 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).

Obligor Default Probability (p), Percent Per 

Correlation 

(r)

Base Case
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2-1 we can see that ὑὴ is an increasing function of ὴȟ“ȟ‗ȟ and ”. 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 

below a threshold and the joint behavior of the random variables is multivariate normal 

with equal correlation. The model is also called the Large Homogeneous Portfolio (LHP) 

model as it assumes that a portfolio has an infinite number of obligors each with the same 

principal amount, probability of default, and recovery rate (or loss given default which is 

one minus the recovery rate). Finally, the model takes account of only default and not 

credit migrations or other relevant details. 

 In a paper aimed at critics of reforms, the former Chief Economist of the SEC 

determines that small capital buffers could generally absorb daily fluctuations between a 

fundôs shadow NAV and its amortized cost CNAV (Lewis, 2015). Lewis (2015) also 

suggests that a far larger buffer is necessary to deal with defaults and a sizeable buffer 

would make returns to prime MMFs comparable to default-free government counterparts. 

Lewis (2015) developed a parsimonious model which is used to determine daily prime 

MMF values based on a combination of risk-free (i.e. default-free) and risky zero-coupon 

bonds and their duration which is a measure or interest rate and spread (i.e. corporate 

borrowing cost) sensitivity. The author assumed that the physical (for characterizing price 

behavior) and risk-neutral (for the valuation of claims) processes for interest rates and an 

intensity process that characterizes the credit risk follow independent Cox, Ingersoll, and 

Ross (CIR) (Cox et al., 1985) mean-reverting, square-root, diffusions given by: 

Ὠὢ ‖— ὢ Ὠὸ„ ὢὨὄ                                     (2.2)   
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In Equation (2.2), ὢ is the instantaneous state variable, ‖ is the mean-reversion rate, — is 

the long-run rate to which a state variable reverts (its long-run mean), „ is the standard 

deviation of the state variable, and Ὠὄ are infinitesimal increments of Brownian motion. 

By simulating spot interest rates and the intensity process in the physical measure, one 

can obtain the physical level of spot interest rates and then value the holdings of an MMF 

using closed-form solutions to value claims under the risk-neutral measure. Using 

historical data on U.S. Treasury yields and AA rated short-term financial debt, Lewis 

(2015) determines the physical parameter estimates for each of the spot interest rate and 

intensity rate processes from which he derives risk-neutral estimates. Through simulation, 

the author determines the mean first-passage time until the difference between the 

shadow price (i.e. true NAV) and amortized cost value (i.e. CNAV) falls below a 

particular threshold. Lewis (2015) used a 360-day holding period for portfolios that have 

60-day durations. The author found that a prime MMFôs mean time to breaking the buck 

is 359.77 days. Based on 2,500 simulations, Lewis (2015) concluded that a prime MMF 

has a decline of 50-basis points over a 360-day time horizon 0.28% of the time with its 

mean time to occurrence 359.77 days. In turn, a 60-basis point capital buffer is adequate 

to absorb day-to-day fluctuations in value but that funds with concentrations would 

require far larger buffers which would be prohibitively costly. 

 While more granular than the work of Hanson et al. (2015), Lewis (2015) uses a 

combination of idealized portfolios in conjunction with certain attributes obtained from 

Form N-MFP which are required reports for MMFs. But, MMFs 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. Similarly, Lewis (2015) discussed securities and 
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bonds and gives short shrift to issuers where a single fund may hold many securities or 

bonds of the same parent issuer. Lewis (2015) also assumes that the rate and intensity 

processes are independent. In speaking to the prohibitive nature of a capital buffer Lewis 

(2015) implicitly assumes that all risk is eliminated to the point that prime MMF returns 

mimic those of government funds. This does not need to be the case as an individual 

could reduce risk such that with 99.9% confidence a retail prime MMF does not fail. 

Retaining some amount of risk will result 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 which took effect in October 2016, Alnahedh and Bhagat (2017) 

find that with the move to an FNAV that these funds responded to regulation by 

increasing their risk-taking activity. Post-reform institutional prime MMFs increased their 

holdings of opaque securities, increased maturities, and decreased their credit quality. 

The authors conclude that banks sponsoring funds should have sufficient equity 

capitalization to support funds and that the compensation incentives of senior managers 

should be focused on creating long-run shareholder value and serve to mitigate excessive 

risk taking. Post crisis bank capital requirements have increased but additional increases 

to the 20% level proposed by Alanhedh and Bhagat (2017) could curtail credit, reduce 

entrepreneurship, and create headwinds for economic growth. 

2.4 Engineering Management and Money Market Funds 

While this research may serve to guide policy and inform ordinary investors, it is 

of equal importance to engineering managers and non-financial enterprises. Gilbert and 

DeVilbiss (2010) describe several issues confronted by engineering leaders and managers 
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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 importance of a firmôs ability to meet 

short-term obligations and of corporate liquidity management. Recall that managers 

routinely use MMFs as cash investment vehicles and rely on MMFs as sources of funds 

through the issuance of short-term CP. In particular, small and medium-sized enterprises 

(SMEs) will often invest cash in retail prime MMFs as they are not large enough for 

institutional asset management. During times of financial stress, funding markets often 

grind to a halt as investors become risk averse. In an article aimed at engineering 

managers, Liu (2013) describes the issues confronted by firms, and the importance of 

having an array of financing mechanisms and short-term cash management methods with 

which to deal with financial crises. In a timely paper, Aba-Bulgu and Islam (2007) use 

mathematical programming to model optimal cash management during financial crises. 

These authors cite the importance of cash management as it pertains to inventory, billing, 

and accounts payable. 

Several journal articles focus directly on procurement, inventory, and supply 

chain management in the time of financial crises. Allal-Cherif and Maira (2011) discuss 

issues with procurement during the financial crisis of 2008. The issues include financial 

losses, illiquidity, and even bankruptcy. These authors propose industrial collaboration as 

a mitigant to reduce the risk of procurement disruptions. Hoberg et. al. (2017) discuss the 

interplay between a firmôs financial situation and its ability to maintain inventory. In their 

work, the authors suggest that inventory planners must take account of the cost of capital 

in order to optimize 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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downgrades. Inventory is typically financed in the short term using bank loans or CP, the 

latter of which is the domain of MMFs. Sokolinskiy et. al. (2018) refer to precautionary 

replenishment for financially constrained inventory systems subject to ñrollover risk.ò 

Rollover risk is the inability to renew a bank loan or issue new short-term debt (e.g. CP), 

and it is heightened during financial crises. During crises, investors often become risk 

averse and flee vehicles such as institutional and retail prime MMFs. Thus, firms utilizing 

MMFs are at risk as MMFs become net sellers and unwilling to purchase new CP. These 

authors discuss the implosion of Bear Stearns and Lehman Brothers during the financial 

crisis and detail how firms including General Motors, Circuit City, and Kodak were 

impacted through their inability to roll over their short-term debt. Furthermore, the 

authors emphasize that non-financial firms are particularly at risk due to their need to 

finance supply chains, where disruptions can lead to lost sales or even bankruptcy. Li and 

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

a lack of attention paid to the importance of short-term financial management. Working 

capital includes, among other things, accounts receivable and current liabilities, which are 

directly related to cash management, for example via balances 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 finance, for example ñto value financial 

instruments, identify market imperfections, design securities, regulate markets, evaluate 

and control risks, model strategic problems, and understand the functioning of financial 

markets.ò In this work we use simulation to achieve our stated objectives, which is a 

modeling approach widely employed in engineering management, operations research, 

management science, and financial engineering. Furthermore, in the course of the 
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simulation design and analysis of results, we employ additional operations research and 

engineering management methods, including distribution fitting, regression analysis, 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 pricing. Options are a type of security that can be classified 

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, asset or security. An option is 

an instrument that gives the holder the right to buy or sell the underlying asset at a 

specified price (known as the strike or exercise price) during a designated period or on 

the expiration date. There are two main types of simple options - calls and puts. Merton 

(1974) provides a 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 firmôs equity holders at the terminal period is: 

Ὁ ὓὥὼὃ ὓȟπ                                            (2.3) 

where Ὁ  is the firmôs equity value at time Ὕ, ὃ  is the asset value of the firm at time Ὕ, 

and ὓ is the face amount of zero-coupon debt due at time Ὕ. If we denote the current 

value of a zero-coupon bond as ὄὸȟὝ, we can write the payoff to a debt holder at time 

Ὕ: 

(2.4) 

ὄὝȟὝ ὃ Ὁ ὃ ὓὥὼὃ ὓȟπ ὓὭὲὓȟὠ ὓ ὓὥὼὓ ὃȟπ                               
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From Equation (2.3) for a single period with a fixed amount of debt due at time Ὕ, the 

equity holder Ὁ  receives the residual amount should the asset value be greater than the 

debt due (i.e. ὃ ὓ). If the asset value is less than the debt due (i.e. ὃ ὓ) the 

equity holder receives zero which is a lower bound based on the limited liability of 

holding equity in a firm. At time Ὕ, the risky corporate debt holder (i.e. ὄὝȟὝ) receives 

the face amount of debt due (i.e. ὓ) less an amount that is positive should the asset value 

be less than the debt due at the terminal time (i.e. ὃ ὓ). In options parlance, the 

equity holder is long a call option on the asset value of the firm with the strike price equal 

to level of debt. The risky corporate debt holder is long a risk-free debt instrument (i.e. 

the face amount of debt ὓ is risk-free) and short a put option on the asset value of the 

firm such that the debt holder does not get paid in full should the firmôs asset value be 

less than the debt due at the terminal time Ὕ upon firm liquidation. Mertonôs (1974) line 

of thought gave rise to what is called structural default modeling. Structural default 

models are based on economic underpinnings and generally consider the evolution of 

firm variables, such as asset and debt values, to determine whether default occurs at a 

particular time. 

 The Merton (1974) model is based on the assumption that markets are frictionless 

and the risk-neutral dynamics of the firmôs assets ὃ  follow a Geometric Brownian 

Motion (GBM) given by: 

Ὠὃ ὶὃὨὸ„ὃὨὢ                                             (2.5) 

with ὶ the risk-free rate of interest, „ the standard deviation of the asset value return, and 

Ὠὢ an increment of Brownian motion. Solving the stochastic differential equation (SDE) 

of Equation (2.5), one can then obtain the Black-Scholes (1973) formula (Appendix A.3) 
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which can be used to determine the equity value and the probability of default at time Ὕ. 

The value of the equity at time ὸ π ὸ Ὕ is: 

Ὁ ὃϽɮὨ ὓϽὩ ϽɮὨ                               (2.6) 

with ɮϽ the standard normal cumulative distribution function and Ὠand Ὠ are given 

by: 

Ὠ
Ѝ

ȟὨ Ὠ „ЍὝ ὸ                              (2.7)               

The risk-neutral default probability at time Ὕ is ὖὶὃ ὓ ρ ɮὨ ɮ Ὠ . 

Thus, the Merton (1974) model posits that default occurs when the asset value is less than 

the debt due at the time of payment. In Figures 2-2 and 2-3 we depict the payoffs to 

equity and debt holders for Mertonôs (1974) option-theoretic structural default model and 

simulated asset value paths, a default boundary, and terminal distribution of asset values 

at time Ὕ. As we can see from Figure 2-3, default occurs when the asset value is below a 

boundary (i.e. the face amount of debt due) at the terminal time Ὕ. 

 With the link of options to default modeling, there are a plethora of extensions to 

the Merton (1974) model. The extensions include multiple tranches of debt, a default 

boundary, accounting for taxes and bankruptcy costs, alternative stochastic processes, 

and more. Sundaresan (2013) reviews Mertonôs model and covers several alternatives. As 

the reader will see, our work 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 portion of the face amount either through the sale of the 

distressed security or via bankruptcy proceedings. Recovery rates have support πȟρ and 
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are reported on a historical basis by NRSROs. Beyond the factors that affect recovery 

rates, Mora (2012) argued that the beta 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 recovery rates as a random variable from a beta distribution. With the reporting 

provided by ratings agencies, one can readily determine parameters for different bond 

seniorities and over a range of economic environments. 

 

Gupton et al. (1997) detail a methodology 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 framework, which came to 

be called CreditMetrics, uses 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) one-period hence. Given a vector of probabilities and forward rates for 

each rating, one can revalue a bond in each of the states in order to determine the one-

 

Figure 2-2. Payoffs to Equity and Debt Holders for Option-Theoretic Model 
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period-ahead distribution of values, and summary statistics such as the mean and standard 

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

for determining thresholds whereby one-period-hence an issuer has remained in a state or 

migrated to another (including default, an absorbing state). 

 

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

corporate debt. This model uses a firmôs credit rating, as provided via a ratings transition 

matrix, to value and hedge corporate debt under a risk-neutral measure which one may 

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

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

the latter detail the method for calculating a generator matrix that represents the rate of 

transitions from one state to another. Israel et al. (2001) described the conditions under 

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

approximate one. 

 

Figure 2-3. Simulated Paths and Distribution of Asset Values (T) 
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In this research, we employ the CreditMetrics (Gupton 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 one-year matrix implies any t-period transition matrix. For integer 

values of t, the process is quite simple as a transition matrix for any integer t is a power of 

the initial one-year matrix. For non-integer values of t, the process is more involved and 

requires taking the órootô of the initial transition matrix where we follow the approach of 

Israel et al. (2001). We also consider the stylized facts of asset returns as detailed in Cont 

(2001). In particular, it is 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 to determine whether a firm transitions (i.e. ratings 

category or default), we employ a multivariate t-distribution. Lastly, we generate 

stochastic recovery rates via a beta distribution. 
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Chapter 3ðMethodology 

 

3.1 Introduction 

We employ a methodology to reevaluate constant net asset value (CNAV) money 

market funds (MMFs) that is similar to CreditMetrics, a well-established industry-

standard approach (Gupton et al., 1997). Below, we address important aspects of the 

methodology. We highlight our extensions to the standard CreditMetrics implementation.  

We also describe the entirety of the model with a detailed schematic to facilitate 

understanding. Finally, 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 interest payments (or ñcouponsò).  For 

longer-dated securities coupons are typically semiannual. However, MMFs invest in 

short-dated bonds that are discount instruments whose interest is represented by the 

difference between the face (or ñparò amount) and the current price. Using the notation of 

Veronesi (2010), with continuous compounding the current value (i.e. value at ὸ π) of a 

risky discount bond with maturity of time Ὕ with a face value of one is: 

ὄὸȟὝ Ὡ Ͻ                                                (3.1) 

In Equation (3.1), ὶ is the risk-free rate of interest and ί is a credit spread. It is common 

to write ὶὸȟὝ and ίὸȟὝ to indicate the current time ὸ and the time to maturity Ὕ. 

However, for economy of notation, we will not explicitly denote time dependence for ὶ 

and ί. U.S. government bonds are deemed risk-free (i.e., ί π), as there is a very low 

likelihood of default. Corporate debt is generally not risk-free (i.e., ί π). The 
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magnitude of ί is a function of the credit worthiness of the corporate issuer. The duration 

Ὀ of a bond is the percent change in bond value for a given change in interest rates. 

Credit spreads measure a bondôs price sensitivity to interest rate changes, similarly to, 

and in addition to duration. Thus, as interest rates or credit spreads change: 

ὶὸȟὝ ᴼὶӶὸȟὝ ὶὸȟὝ Ὠὶȟ     ίὸȟὝ ᴼίӶὸȟὝ ίὸȟὝ Ὠί          (3.2) 

The price of a security will change, as follows: 

ὄὸȟὝ ᴼὄὸȟὝ ὄὸȟὝ Ὠὄ                                    (3.3) 

From Equations (3.2) and (3.3) and by dropping the time notation we define duration Ὀ 

for interest rates Ὀ and credit spreads Ὀ as: 

Ὀ ȟ   Ὀ                                            (3.4)    

Using duration, the change in the value of a bond (or summation for a portfolio of bonds) 

for a change in interest rates or credit spreads is: 

Ὠὄ ὈϽὄϽὨὶȟ    Ὠὄ ὈϽὄϽὨί                               (3.5) 

As evident from Equation (3.4), duration Ὀ, whether for interest rates or credit spreads, is 

based on the derivative of the bond price with respect to its interest rate or credit spread, 

respectively. Taking the derivative of Equation (3.1) with respect to the interest rate (or 

credit spread) and using Equation (3.4) yields: 

Ὀ Ὕ ὸϽὄ Ὕ ὸȟ    Ὀ Ὕ ὸϽὄ Ὕ ὸ         (3.6) 

According to Equation (3.6), the duration for a discount bond is its time to maturity. 

Money market funds hold discount instruments. To revalue a bond held within a fund, 

with unit face value, we multiply time to maturity by a specified interest rate or credit 

spread change. 
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 Money market funds and their underlying holdings have a weighted average 

maturity (WAM) and weighted average life (WAL). These values are obtainable from 

financial data vendors or the U.S. Securities and Exchange Commission (SEC) through 

regulatory filings. Weighted average maturity is the average maturity for a security or 

loan, expressed in days. The maturity equals the earlier of the time the obligation is due 

or the next reset date for a floating rate instrument. Weighted average life is the average 

maturity for a security or loan; it is also expressed in days, but with the maturity being the 

final time the obligation is due. For example, a WAM of 30 days for a 365 calendar year 

results in a duration of πȢπψςς or just under one-month. This same security may 

have its interest rate reset monthly and have three months until its final maturity.  In this 

example, the WAL would be πȢςτφφ or about three months. Given that the 

duration of a discount instrument is its time until maturity, WAM and WAL serve as 

measures of duration for the interest rate Ὀ, and credit spread Ὀ, respectively. In turn, 

WAM and WAL enable revaluing each security in an MMF based on changes in interest 

rates and credit spreads. Calculating the weighted average change within an MMF yields 

the change in the market value for an MMF. As a simple example, if the WAM of a 

particular bond is 30, a calendar year day count is 365, a change in interest rate is 2%, 

and a bond makes up 1% of a portfolio, then the change in the value of the portfolio 

attributable to that bond is πȢπψςςϽπȢπςϽΑπȢπρ ΑπȢππππρφ. With 100 similar bonds 

the change in value of the portfolio would be $0.0016, and for a fund with a CNAV of 

$1.00 the true net asset value (NAV) would be $0.9984. 

 In this research, we obtain MMF holdings level data from Crane Data 

(www.cranedata.com). Our data include holdings by category, type, country, and sector 

http://www.cranedata.com/
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thereby allowing us to classify a bond into one of five categories including agency, 

financial, corporate, municipality, and government. Securities classified as government 

(i.e. federal) have credit spreads of zero (i.e. ί π), but are affected by changes in the 

interest rate ὶ. Changes in interest rates and credit spreads affect securities in the 

remaining four categories. We aggregate all holdings of the same parent company into a 

single issuer Ὅ with a single interest rate duration Ὀ and credit spread duration Ὀ as 

follows: 

Ὀȟ В ȟ ϽὈȟȟ   Ὀȟ В ȟ ϽὈȟ                          (3.7) 

where, in Equation (3.7), Ὀȟ and Ὀȟ are the interest rate and credit spread sensitivity 

measures, or durations, for issuer Ὅ, with each security Ὥ weighted by its individual 

contribution ύȟ relative to the cumulative weight ύ of issuer Ὅ. As such, changes in 

NAV to an MMF given a change in the interest rate ɝὶ, denoted ɝὔὃὠɝὶ, and the 

change in NAV given a  changes credit spreads, ɝί, denoted ɝὔὃὠɝί, are given by: 

ɝὔὃὠɝὶ В ὈȟϽύϽɝὶȟ   ɝὔὃὠɝÓ В ὈȟϽύϽɝί       (3.8) 

From Equation (3.8), the total change in the NAV of the MMF for a given change in the 

interest rate and credit spread is the sum of the individual contributions ɝὔὃὠ

ɝὔὃὠɝὶ ɝὔὃὠɝί. Over a single simulation, if an issuer defaults, then the value 

of the issuerôs bonds is given by a recovery rate that is described in a forthcoming 

section. 

 The term structure of interest rates or yield curve is the relation between interest 

rates and their time to maturity Ὕ ὸ. In this work, we input a term structure of interest 

rates and use linear interpolation when applying a change in interest rate ɝὶ to an issuer, 
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where the time is based on the interest rate duration for the issuer Ὀȟ. Change in credit 

spreads 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 financial strength of an issuer.  

As accepted yardsticks of credit worthiness, credit ratings are extensively used for 

modeling purposes. Nationally recognized statistical rating organizations (NRSROs) 

include Standard and Poorôs, Moodyôs, and Fitch. Rating agencies develop ratings based 

on analyses of issuers, where key concerns include business and financial risks, country, 

economic factors, industry, foreign exchange, political factors, legal factors, and 

regulatory items. 

Credit ratings are typically assigned in groups, where heterogeneous issuers are 

bucketed into homogeneous categories, largely as a result of the factors listed above. In 

general, there are eight credit rating categories (i.e. AAA, AA, A, BBB, BB, B, CCC, and 

D which is default) with various qualifiers that represent additional granularity. Figure 

A.4-1 shows ratings categories with qualifiers for the three major NRSROs. In Table 3-1, 

we present a sample Standard and Poorôs average annual transition matrix (Standard and 

Poorôs Global Ratings, 2019). The matrix in Table 3-1 includes a not rated category (NR) 

for issuers who began the year with a valid rating, but were NR at the end of the year. 

A transition matrix ɤ shows the historical transition probability (or ñmigrationò) 

of an issuer in state Ὥ becoming an issuer in state Ὦ over a specified time frame. Given the 

eight credit states in the Standard and Poorôs transition matrix (Standard and Poorôs 

Global Ratings, 2019) we can represent the transition matrix ɤ as follows: 
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ʇ ȟ ʇ ȟ ʇ ȟ ȣ ʇ ȟ

π π π ȣ ρ Ợ

ỡ
Ỡ

                              (3.9) 

where (ὲ ψ), and ‗ȟ represents a probability that an issuer rated AAA remains AAA 

one-year hence. This value is 87.33% based on the matrix presented in Table 3-1. 

Similarly, ‗ȟ is a probability that an issuer rated AA moves to a rating of A over a one-

year horizon. This value is 7.45% in Table 3-1. Furthermore, the probability of survival 

for an issuer in rating class Ὥ is ρ ‗ȟ. The probability of an issuer remaining in the 

same credit state is obtained from the diagonal of the transition matrix ɤ and equal to ρ

В ‗ȟ. In general, a proper transition matrix requires that the transition probabilities 

‗ȟ π ᶅ ὭȟὮ and В ‗ȟ ρ ᶅ Ὥ.  

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

 

For modeling purposes, we must deal with the NR category. Transitions to NR 

can be due to many reasons, that include: expiration of rated debt, calling or buyback of 

debt, failure to pay rating agency fees, etc. However, exact reasons for companies 

moving to the NR category are not released. An industry standard has developed 

Transition Matrix

AAA AA A BBB BB B CCC 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. Average One-

Year Corporate Transition Rates (1981-2018).
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however, that includes treating the NR category as non-information, where it is thought 

of as neither good nor bad. Under this assumption, one distributes the probability value 

from the NR category to all other states in proportion to their respective values. This 

gives us the following formula for the adjusted transition probabilities ‗ȟ: 

ȟ
                                                          (3.10) 

Based on this adjustment, Table 3-2 presents the ñrescaledò sample Standard and 

Poorôs transition matrix. We now have a true 8-by-8 matrix where each transition 

probability has been adjusted accordingly; for instance, the probability that an asset rated 

AAA remains AAA one-year hence is 90.21%.  Finally, from Tables 3-1 and 3-2 we can 

see that default (i.e. ratings category D) is an absorbing state. 

 Table 3-2. Adjusted Transition Matrix  

 

3.3 Migration and Default Thresholds 

In this research we employ a single-period simulation where we require 

thresholds indicating whether a bond issuer migrates in order to revalue the asset 

accordingly. Here, we follow the work of Merton (1974) and assume that an issuerôs asset 
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value evolves according to Geometric Brownian Motion (GBM) with the following 

solution for ὸ π: 

ὃ Ὕ ὃ πϽὩ Ѝ
                                  (3.11) 

In Equation (3.11), ὃ is the asset value for the ὭȤÔÈ issuer, ‘ is the rate of return for the 

issuerôs assets, „  is the variance of the issuerôs asset return, Ὕ is the time horizon, and 8   

is an ὔπȟρ random variable. Based on this underlying process, consistent with 

CreditMetrics, we slice the distribution of asset returns into bands. If we randomly draw 

from this distribution, we reproduce the migration frequencies given by a particular 

transition matrix. Each band ὤ defines a particular standardized return value. With the 

simulation of asset value returns, an issuer either remains in its initial credit state or 

migrates to another credit state which may include default.  Standardized asset returns are 

given by the following equation: 

ὢ
Ѝ

ὶ                                      (3.12) 

where in Equation (3.12), ὶ is the standardized return on the asset value of the i-th 

issuer and is equivalent to 8 which is an ὔπȟρ random variable (Merton, 1974; 

Vasicek, 2002). 

In this model, as an example of a credit event, denote ὖὶὈὩὪὥόὰὸ as the 

probability of an issuer defaulting then the critical asset value ὃ  is such that 

ὖὶὈὩὪὥόὰὸὖὶὃ Ὕ ὃ . This can be translated into a standardized 

threshold ὤ such that the area in the left tail below ὤ  is ὖὶὈὩὪὥόὰὸ. Given 

Equation (3.12) we can define this as: 
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ὖὶὈὩὪὥόὰὸὖὶ
Ѝ

ὤ ὖὶὤ
Ѝ

ɮ Ὠ                      

(3.13) 

where, given the GBM process and standardization, we use ɮ, the standard normal 

cumulative distribution function. ὤ  is the threshold in the standard normal 

distribution, which corresponds to a cumulative probability of ὖὶὈὩὪὥόὰὸ. Thus, the 

critical value that defines default is ὤ Ὠ where: 

Ὠ
Ѝ

                                              (3.14) 

and is often called the ñdistance to default.ò Similarly, ὤ  is a threshold point 

corresponding to a cumulative probability of being either in default or in the CCC credit 

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

return ὶ for the asset value of the ὭȤÔÈ issuer: 

ὖὶὈὩὪὥόὰὸὖὶὶ ὤ  

ὖὶὅὅὅ ὖὶὤ ὶ ὤ                               (3.15) 

ể 

ὖὶὃὃὃ ὖὶὶ ὤ  

Thresholds are computed by inverting a cumulative distribution function. We seek 

a value ὼ such that the area under the cumulative distribution function up to ὼ is equal to 

the respective probability value. But, while CreditMetrics assumes normality with 

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 returns with thresholds derived from inverting a 

cumulative distribution function using probabilities from a ratings transition matrix may 
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be improved. In Figure A.4-2 we provide a histogram, fitted densities, and quantile-

quantile plots depicting the daily returns for the Standard and Poorôs 500 Index from 

January 3, 2000 to January 3, 2020. As evident from the plots, returns deviate from 

normality with heavy tails that are more consistent with a ὸȤdistribution. 

Given that returns to financial assets tend to be heavy-tailed, 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 the fitdistr  function (Ripley et al., 2019) to determine the degrees of freedom ’ 

for the t-distribution using maximum likelihood estimation. In contrast, CreditMetrics 

uses a normal distribution to determine migration and default thresholds. In Figure 3-1 

we depict thresholds associated with a triple-B rated issuer. Based on draws of a random 

variable that represents asset value returns, an issuer may remain in its initial state or 

migrate to any of the other seven states. Figure 3-1 shows the thresholds associated with a 

normal and ὸȤdistribution. We employ the latter in this work. Similar to CreditMetrics, we 

use equity value returns as a proxy for asset value returns. 

3.4 A t-Period Transition Matrix for Non -Integer t 

Ratings agencies generally provide one-year empirical transition matrices and 

longer-term average transition matrices. But for modeling purposes one may require a 

matrix for a time horizon that is not equal to one year. If the historical process governing 

migrations is assumed both stationary and Markovian, any ὸ-period transition matrix can 

be calculated from the one-year matrix. For a transition matrix ɤ, and integer values of ὸ, 

the calculation is quite simple, as the as the t-period transition matrix is: 

ɤ ɤ ɤϽɤỄɤ
 

                                              (3.16) 
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For non-integer values of ὸ, the process is more involved and requires taking the root of 

the initial transition matrix where we follow the approach of Israel et al. (2001). 

 

Israel et al. (2001) addressed the issues associated with the existence and 

identification of transition matrix generators. A valid generator exists if the initial 

transition matrix is diagonally dominant, with each of its diagonal elements greater than 

ρςϳ . While diagonal dominance is a sufficient condition, it is not necessary. It is not 

necessary for all diagonal elements to be greater than ρςϳ . With diagonal elements less 

 

Figure 3-1. Transition Thresholds for a BBB Rated Issuer over One-Year Period 
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than ρςϳ , it is possible to find a proper generator matrix with negative values on its 

diagonal, non-negative elements off-diagonal, and rows that sum to one. In short, Israel et 

al. (2001) showed how to calculate a generator matrix and fix a generator matrix. Upon 

rescaling the matrix to its original one-year time frame, the distance between the rescaled 

matrix and original matrix is small. To calculate this root for scaling an initial matrix to 

any ὸ-period horizon, we begin by finding a generator matrix ὗ. 

For an ὔ ὔ transition matrix ɤ with non-negative entries and rows summing to 

one, the generator we seek has non-negative off-diagonal elements and rows summing to 

zero such that Ὡ ɤ, where the exponential of a matrix is given by the following 

series: 

Ὡ Ὅ ὗ
Ȧ
Ễ                                           (3.17) 

Ὅ is the ὔ ὔ identity matrix (i.e., ones on the diagonal and zeros elsewhere). Given that 

the matrix ɤ can be diagonalized, we can represent it as: 

ɤ ὡὈὡ                                                    (3.18) 

where ὡ is the matrix of eigenvectors calculated from the one-year empirical transition 

matrix ɤ, after rescaling for the NR category, Ὀ is a diagonal matrix of eigenvalues, and 

ὡ  is the inverse of the matrix ὡ. Equation (3.18) is a matrix method known as 

diagonalization, and is subject to the invertibility of ὡ, which is possible given that ɤ has 

non-zero eigenvalues. In general, the necessary conditions for diagonalization are met by 

historical credit ratings transition matrices. The logarithm of the matrix ɤ is given by: 

ÌÎɤ ὡÌÎὈὡ                                             (3.19) 
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If the matrix ὰὲɤ has row sums equal to zero and non-negative off-diagonal elements, 

then the matrix is a generator matrix ὗ. If the matrix ὰὲɤ does not have row sums equal 

to zero and non-negative off-diagonal elements, then to determine a proper generator 

matrix ὗ, we follow Israel et al. (2001) and adjust the matrix ὰὲɤ by setting: 

ή
ή В ÍÉÎήȟπ ÉÆ Ὥ Ὦ 

ÍÁØήȟπ ÉÆ Ὥ Ὦ                        
                            (3.20)  

where the ή represents adjusted elements in the matrix ὰὲɤ. Now, given matrix ὗ 

(unadjusted or adjusted) we can calculate a ὸ-period transition matrix ɤ for any value t 

by: 

ɤ Ὡ                                                     (3.21) 

Equation (3.21) allows us to calculate t-period transition matrices from an empirical 

matrix for any time period t that we consider in modeling credit risk. 

In Table A.4-2, we depict a one-year transition matrix, a generator matrix, a one-

year transition matrix scaled to ὸ τςȾσφυ, that ὸ τςȾσφυ transition matrix scaled 

back up to ὸ ρ, and the Euclidean distance between the scaled-rescaled one-year and 

original one-year matrices. We note that: the initial one-year matrix is diagonally 

dominant, which is common for credit agency transition matrices; the generator matrix 

has negative diagonal entries and positive off-diagonal entries; and the distance between 

the scaled-rescaled and original matrices is small. 

CreditMetrics employs a one-year time horizon. We examine the risk in retail 

prime MMFs by subjecting them 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 2018 Comprehensive Capital Analysis 
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and Review (CCAR). Money market funds generally hold securities with short 

maturities. As such, we use a time frame closer to the maturity of the MMFôs portfolio. 

For our modeling, we use the Standard and Poorôs one-year transition matrix provided by 

the credit rating agency for the calendar year in which our scenario occurred, but were 

scaled to a shorter time period consistent with our analysis. 

3.6 Multivariate Random Variables and Asset Returns 

For this work, we sample multivariate random variables with a dependency 

structure that captures the co-movement of issuer credit ratings. The multivariate random 

variables represent asset returns, which are proxied by equity value returns time series 

which obey the relevant dependency structure. 

A multivariate ὸ-distribution with degrees of freedom ’ is obtained by 

generating standard normal variables and Chi-squared random variables with the same 

degrees of freedom ’. As per Loffler and Posch (2013), when multivariate standard 

normal variables ὢ are divided by a Chi-squared variable ὣ with ’ degrees of freedom, 

we obtain multivariate t-distributed random variables ὸ : 

ὸ
Ⱦ
 ×ÈÅÒÅ ὢ ὔͯπȟρȟὣͯ … ’                                 (3.22) 

With the multivariate standard normal variables ὢ, we take account of co-

movement. The Cholesky decomposition, as described in Gilli et al. (2019), is a method 

by which one can generate multivariate random variables. With Cholesky decomposition 

one solves ɫ ὓὓ  recursively where ɫ is a covariance or correlation matrix. For 

standardized returns the covariance and correlation are the same. Given a positive 

definite covariance or correlation matrix, we compute the following: 

ɫ ὓὓ                                                       (3.23) 
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In Equation (3.23), ὓ is a lower triangular matrix and ὓ  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 values and ὓ. ὢ is then 

correlated, consistent with the 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 retail 

prime MMF NAVs. An antithetic variate is a random variable ὢ with the same mean as 

our random variable ὢ. Following Gilli et al. (2019), assume ὢ ὔͯπȟρ. Then ὢ ὢ 

will have the same mean. However, the pair ὢȟὢ  will have a lower variance as they 

are perfectly negatively correlated. This is evident from the variance of the two variables 

ὢ and ὢ: 

„ ύ Ͻ„ ύ Ͻ„ ςύ Ͻύ Ͻὅέὺȟ                          (3.24) 

with „  the combined variance, ύ  the weight of variable one, ύ  the weight of variable 

two, and „  and „  the individual variances. For equal weights and variances, Equation 

(3.24) becomes: 

„ ὠὥὶ „ „ ςϽὅέὺȟ                          (3.25) 

Based on Equation (3.25), we can reduce the variance of the combination of random 

variables ὢ and ὢ if they have negative covariance, which is the case when we set ὢ

ὢ. Thus, when we generate our standard normal random variables for all issuers and 

simulations, we automatically include the negative of each trial, reducing the standard 

error of the estimated values. 
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3.7 Recovery Rates 

An important factor in credit risk modeling is accounting for loss in the event of 

default. Loss given default for issuer Ὥ ὒὋὈ is related to the recovery rate for issuer Ὥ 

Ὑ  with Ὑ ρ ὒὋὈ. The recovery rate, which is the amount recuperated upon a 

loss, is also modeled via simulation in this work, using data from Moodyôs annual 

Corporate Default and Recovery Rate studies. Major NRSROs report the mean and 

variance of recovery rates annually for rated issuers, in the aggregate, and also by 

seniority of the underlying 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. government short-term 

bonds), which has a very high credit rating and a low likelihood of default.  

When examining time series of recovery rates, it is apparent that they are not 

deterministic. However, we can be sure that the recovery rate is bounded within zero and 

one, where the latter case implies a full recovery equivalent to a non-event.  Following 

Mora (2012), Van Damme (2011), and the discussion in Loffler and Posch (2013), we 

assume that recovery rates are stochastic and generated via a beta distribution. The beta 

distribution is a continuous probability distribution with a probability density function 

given by: 

Ὢȟ ὼ ȟ
ὼ ρ ὼ                                    (3.26) 

where ὄ‌ȟ‍  where ɜ is the Gamma function, ‌ and ‍ are shape parameters 

greater than zero ‌ πȟ‍ π, and the density function is defined on the interval πȟρ. 

The expectation and variance of a beta distributed variable Ὑ are: 
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ὉὙ ȟ   ὠὥὶὙ
Ͻ

Ͻ
                               (3.27) 

For a mean ‘ and standard deviation „ (or variance „) of the recovery rate, we have the 

following expressions for our shape parameters: 

‌ Ͻ‘ȟ   ‍ ‌Ͻ ρ                                (3.28) 

Given Equations (3.28), for ‌ and ‍, we generate beta distributed random variables 

Ὑͯ ὄὩὸὥ‌ȟ‍ using the following sampling method:  

Ὑ Ὂȟ ό                    

Ὂȟ ὶ ᷿Ὢȟ ὼὨὼ
                                        (3.29) 

Where ό is a randomly sampled number from the uniform distribution on the interval 

πȟρ and the ὄὩὸὥ‌ȟ‍ distributed random variable is Ὑᶰπȟρ. Over a single 

simulation trial Ὥ, should an issuer be determined to default, the value of the issuerôs 

bonds is given by the simulated recovery rate Ὑ. 

 We use the R core package (R Core Team, 2013) and the rbeta  function to 

generate beta distributed random variables for a given set of shape parameters. Using data 

from 1983 to 2008 (Moodyôs Global Credit Policy, 2009), in Figure 3-2 we depict 

recovery rates and fitted beta distributions for senior unsecured bonds, and also for all 

bond types. From the data, the calculated mean ‘ and standard deviation „ are 0.46 and 

0.11 and 0.42 and 0.10, respectively. Our beta parameters ὄὩὸὥ‌ȟ‍ are 8.47 and 10.04, 

and 10.04 and 14.13 for the senior unsecured and all bond types, respectively. From 

Figure 3-2, we see that the beta distribution provides a reasonable fit to the empirical 

data. 
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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 by shareholders that remain 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 formula captures these losses: 

ὔὃὠ
Ͻ Ͻ

                           (3.30) 

In this equation, ὔὃὠ  is the NAV post redemptions and sales of 

assets; ὔὃὠ  is the starting NAV, which is generally $1.00;  Ὓ is the percent gain or 

 

Figure 3-2. Recovery Rates and Fitted Beta Distributions 
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loss from the simulation iteration, and includes changes in interest rates, corporate 

borrowing costs, and transitions; ὙὩὨ is the redemption rate; and ὅ is the cost to liquidate 

$1.00 of the portfolio. In Equation (3.30) we can see that the resulting post-simulation 

NAV per share, with losses from the stressed environment, is the quotient of the 

difference between the NAV with simulated losses and costs of redemption (both 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 of assets ὅ is: 

В ὅϽύ                                                   (3.31) 

where ὅ is the cost of liquidating bonds in each of five bond categories including: 

agency, financial, corporate, municipality, and government; and ύ is the percent of the 

portfolio holdings in each of the same five categories. The historical costs used for 

modeling are: ὅ ΑπȢπππυ for agency, financial, corporate, and municipal bonds; and 

ὅ ΑπȢπππςυ for government debt. These costs are obtained from the SECôs Division 

of Economic and Risk Analysis (SEC DERA, 2014) and Adrian et al. (2017). 

3.9 A Schematic of the Model Methodology 

 In this section we provide a schematic of the model methodology. Steps, data 

inputs, and data sources are also described. Finally, we compare our methodology to that 

of Hanson et al. (2015) and Lewis (2015), and briefly discuss the advantages of our 

approach. 
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Step 1. Read data into R using the openxlsx package (Ripley et al., 2019). The inputs 

include: a list of issuers with weights, interest rate and credit spread durations (Equations 

3.6 and 3.7), rating flags, and sector flags (i.e. agency, financial, corporate, muni, or 

government). The fund holdings data is from Crane Data (www.cranedata.com). Read in 

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

data coming from Bloomberg (www.bloomberg.com). Read in the random seed (123), 

the number of simulations (150,000), the time scale for the transition matrix, the mean 

 

Figure 3-3. Model Schematic 
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and standard deviation for the recovery rate from Moodyôs (www.moodys.com), the 

changes in interest rates and credit spreads from FRED (www.stlouisfed.org), the 

transition matrix from Standard and Poorôs (www.standardandpoors.com), the 

redemption rate, and the costs of sales. 

Step 2. Compute the returns from equity time series and calculate their correlation 

matrix. From a univariate time series based on the issuer weights and returns, calculate 

the degrees of freedom for a for ὸ-distribution using the R package MASS and the 

fitdistr  function. Determine the ὸ-period transition matrix (Equation 3.21) and 

compute the migration thresholds by inverting the ὸ-distribution for the calculated 

degrees of freedom. 

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

variate technique, and compute correlated standard normal random numbers using the 

Cholesky decomposition (Equation 3.23). Compute ὸ-distributed random numbers from 

Equation (3.22). Compare the ὸ-distributed random numbers to the migration thresholds. 

For each iteration Ὥ of the simulation, and for each issuer Ὦ in 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 issuerôs change in the value of its bonds is computed based on 

the change in interest rates and credit spreads (Equation 3.8). In the event of default, the 

issuerôs bond values are determined via a stochastic recovery rate (Equation 3.29). For 

each simulation iteration Ὥ, the total change in value for an MMF is found by summing 

the changes in value of each issuerôs bonds, which is stored in a vector with length equal 

to the number of simulations. 

http://www.moodys.com/
http://www.stlouisfed.org/
http://www.standardandpoors.com/
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Step 4. From the changes in value computed in the prior step, for each total change 

indexed by Ὥ, compute the new post-simulation MMF NAVs by subtracting the total 

change for each simulation Ὥ from 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 assets using 

Equation (3.30). 

Step 6. Compute 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 99.9th percentile NAV (one of the percentiles computed). We also 

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

In Table 3-3, we compare the methodology used in this praxis to the models 

employed by Hanson et al. (2015) and Lewis (2015). As can be seen from the table, the 

Vasicek (2002) model used by Hanson et al. (2015) is based on the evolution of the asset 

value of a group of homogenous firms. It is a default-only model that does not take issuer 

migration into account. This model requires a single default probability and a correlation 

value that is the same for all issuers. In the event of default, Hanson et al. (2015) also 

assume a recovery rate of zero. In 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 MMF. Lewis (2015) simulates interest rates and intensities using two 

uncorrelated mean-reverting 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 Hanson et al. (2015) nor Lewis (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 prime MMFs, using 

three stress test scenarios, and takes into account heterogeneous holdings with different 

credit 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 
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Chapter 4ðResults 

 

4.1 Introduction 

The sections that follow include data and model inputs, model validation, and 

results. Our data comprise inputs from several well-known sources and include a sample 

of retail prime money market funds (MMFs). We take several steps to validate our model 

including showing that simulated net asset values (NAVs) change in a manner consistent 

with theory and intuition. We demonstrate that values obtained analytically match the 

mean of the simulated NAVs for cases ranging from simple to more complex. Through 

modeling, we examine the convergence of simulated NAVs. We conduct retrospective 

case studies for two funds. For the sample of MMFs, we produce using three stress test 

scenarios. By using real world MMF holdings, we take account of the heterogeneity of 

holdings and issuersô different credit ratings and maturities. We also take account of 

redemption rates and sales of assets under stress, along with the MMF holdings, for 

simulation of NAVs and capital buffer sizing. We compare the results to other studies in 

the literature. Finally, we discuss capital buffer pricing. 

4.2 Data and Model Inputs 

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

September 30, 2019, obtained through Crane Data (www.cranedata.com). With 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 summed. Using Equation (3.7) we obtain 

the sensitivity of an issuerôs bonds with respect to interest rates and credit spreads. For 

each issuer, we obtain the parent companyôs long-term credit rating using Bloombergôs  

http://www.cranedata.com/
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(www.bloomberg.com) subscription service. The parent company is generally rated by 

one of the major rating agencies (i.e. NRSROs). We use Standard and Poorôs, Moodyôs or 

Fitch (Table A.4-1) ratings, in that order of selection, subject to availability. We do not 

include qualifiers such as ñplusò or ñminus,ò or 1, 2, or 3, but rather letter ratings: AAA, 

AA, A, BBB, BB, B, CCC, and D. MMFs generally hold debt instruments that are 

investment grade (i.e. at or above BBB). Crane classified each issuer into one of the 

following five categories: agency, financial, corporate, municipal, 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 issuer. For each MMF, and for each issuer, we 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 4-1 we provide a list of our sample of MMFs, ticker symbols, assets 

under management (AUM), number of holdings, and category. We then obtain the equity 

time series and in the event an issuer does not have an observable equity time series, we 

use an index or fund-based proxy. The mappings are based on the issuersô sectors. Given 

that U.S. government and state and local municipalities do not have traded equity, we use 

well-known indexes for these bond types. Widely held by MMFs, U.S. government debts 

are all of the same issuer (i.e. U.S. government) and proxied by an index composed of 

short-term U.S. debt obligations. In Table A.5-1, 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 have traded equity, with the 

exception the U.S. government which that has a near ideal proxy of a U.S. government 

short-term debt index. As shown in Table 4-1, the largest portion of holdings for retail 

http://www.bloomberg.com/
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prime MMFs includes U.S. government securities and commercial paper (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 generally account 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 consistent with Table 

A.1-1, which shows that these are among the largest issuers of short-term debt held by 

retail prime MMFs. In Table A.5-2 we provide the percent of each fundôs AUM that is 

modeled at the issuer level using equity time series of returns as proxies for asset value 

returns, consistent with the CreditMetrics framework (Gupton et al., 1997). For the three 

stress test scenarios we employ we model 90% of each fundôs AUM with equity time 

series applied to issuers on average. The remaining amount (i.e. 10%) is typically 

represented by two or three groupings of issuers. 

Table 4-1. Sample of Retail Prime Money Market Funds 
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Hanson et al. (2015) and Lewis (2015) use hypothetical holdings or issuers, not 

actual funds. The hypothetical holdings are modeled using Vasicek (2002), which is also 

known as the large homogenous portfolio (LHP) model. The LHP model is premised on 

the assumption that all issuers share common characteristics, and that there is no 

heterogeneity; each issuer has the same default probability, and all pairwise issuers share 

a single correlation value. 

Our work uses time series of equity returns to model states of issuers, while 

taking account of the dependency structure and heavy-tailed behavior, as observed in 

financial markets. Lewis (2015) simulates two independent, mean-reverting, square-root 

diffusion processes. The first stochastic process describes the evolution of the short-term 

interest rate. The second stochastic process describes the intensity. Lewis (2015) 

determines parameters of the intensity process using a time series of AA rated credit 

spreads. Lewis (2015) treats all corporate 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 scenarios designed by the Board of Governors of the 

Federal Reserve System (FRB) for the Comprehensive Capital Analysis and Review 

(CCAR). CCAR is a post-crisis, regulatory-mandated, annually required stress test for 

large financial institutions. CCAR scenarios are for 2014 and 2018 (Board of Governors 

of the Federal Reserve System, 2014, 2018). In accordance with these time periods, we 

use Standard and Poorôs one-year transition matrices for the years 2008, 2014, and 2018 

(Standard and Poorôs Global Ratings, 2009, 2015, 2019). In Table A.5-3 we provide one-

year transition 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 maturities; therefore, for modeling purposes, we scale 

these matrices to shorter time periods consistent with the stress test scenarios, by using 

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 from Moodyôs (Moodyôs Global Credit Policy, 2009; 2015; 2019). We use Equation 

(3.28) to determine our parameters for the beta distribution. We use the beta distribution 

to generate stochastic recovery rates as per Equation (3.29). In Table A.5-4 we provide 

the data obtained from Moodyôs along with the mean and standard deviation used for 

each of our three stress test scenarios. The mean is the value observed over the respective 

year commensurate with the stress test scenario. We obtain the standard deviation from 

the time series of senior unsecured recovery rates. MMF hold large amounts of 

commercial paper (CP), which 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 agency, financial, corporate, muni, or 

government, where the latter is unaffected by changes 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 rates nd borrowing costs for investment grade and non-

investment grade corporates, investment grade municipal debt, and short-term agency 

asset backed commercial paper, from the Federal Reserve Bank of St. Louisô FRED 

economic database (www.fred.stlouisfed.org). For financials, we obtain short-term credit 

default swap spreads (CDS) from IHS Markit (www.ihsmarkit.com). In Figure 4-1 we 

provide graphs that depict the changes in interest rates and borrowing costs over the 

August 29 to October 10, 2008 time period. As U.S. government rates declined and the 

http://www.fred.stlouisfed.org/
http://www.ihsmarkit.com/
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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 final time in December of 2008. This was 

a policy action aimed at stimulating 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, which were at the epicenter of the 

financial crisis, saw their borrowing costs increase substantially. When Lehman Brothers 

filed for bankruptcy on September 15, 2008, these credit spreads increased precipitously. 

 

 

Figure 4-1. Changes in Interest Rates and Credit Spreads 
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In contrast to the stress test scenario where we obtain 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). The CCAR exercises are used to determine if a 

financial entity can adequately absorb losses during stressful conditions. In Table A.5-5 

we provide the interest rate and borrowing cost changes used for each of the three stress 

test scenarios. 

The model inputs include redemptions and costs associated with sales of assets. 

For the three stress test scenarios, we apply 14% redemptions from retail prime MMFs 

(Schapiro, 2012). We obtain costs from the SECôs Division of Economic and Risk 

Analysis (SEC DERA, 2014) and Adrian et al. (2017). Our first stress test scenario spans 

the 42 days from August 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 and typical maturity for a large portion of MMF short-term debt instruments. 

Finally, our inputs include a seed for the random number generator, and a number of 

simulations, which was set equal to 150,000. 

4.2 Model Validation 

 With the methodology and data described, we now proceed to validate our model 

by substantiating our computerized simulation of the distribution of retail prime MMF 

NAVs. We take several steps in validating our model, consistent with the literature on 

substantiating simulation models (Gupta 2014; Kleijnen, 1995; MITRE, 2014; Sargent, 

1998). Our steps include: conducting sensitivity analysis, comparison of the simulation 

model to analytical formulae, examining convergence, and performing retrospective case 
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studies for two MMFs from the August 29, 2008 to October 10, 2008 time period. 

Furthermore, in determining the size of an adequate capital buffer for retail prime MMFs, 

we compare our results to the models of Hanson et al. (2015) and Lewis (2015), as well 

as to actual sponsor support amounts provided in Table A.1-4. 

 From our sample of retail prime MMFs (Table 4-1), we know that on average the 

funds hold 64.13% of their AUM in short-term debt issued by financial firms and 26.70% 

in U.S. government securities. 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. The mean WAM and WAL are 34 and 72 days, 

respectively. These values for WAM and WAL are consistent with the limits set forth by 

the U.S. Securities and Exchange Commission (SEC), which are 60 and 120 days, 

respectively. 

Based on the summary statistics from our sample of retail prime MMFs, and for 

the purpose of conducting sensitivity analysis, we construct a hypothetical portfolio of 50 

issuers; one issuer is the U.S. government and the remaining 49 are financial firms. This 

hypothetical MMF allocates 25% of its weight to short-term government debt and the 

remaining 75% to the 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 test scenario (Table A.5-5) specified by the FRB 

(Board of Governors of the Federal Reserve System, 2018). The modelôs transitions are 

as specified in the Standard and Poorôs one-year transition matrix for 2018 (Table A.5-3), 

with NR removed as per Equation (3.10) (Standard and Poorôs Global Ratings, 2019). 
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The modelôs mean and standard deviation of recovery rate are reported in Table A.5-4 

and obtained from Moodyôs (Moodyôs Global Credit Policy, 2019). We start with a 

constant off-diagonal correlation of 0.50, 10 degrees of freedom for Student-t distributed 

random variables, and 150,000 simulations. 

In Table 4-2 we provide the results of our sensitivity analysis based on varying 

the WAM and WAL of our hypothetical portfolio. Recall from Equations (3.5) and (3.6) 

that the duration of a discount instrument, such as one held by an MMF, is equal to its 

time until maturity. Thus, WAM and WAL serve as measures of duration for the interest 

rate Ὀ, and credit spread Ὀ, respectively. WAM and WAL enable us to revalue our 

MMF securities based on changes in interest rates and credit spreads. As 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 inputs constant, we vary WAM and then vary WAL. As 

expected, increasing WAM or 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 values in the left-tail of the distribution at the 0.10% 

percentile. The median exceeds the mean in all cases, indicating a left-skewed 

distribution, which is characteristic of bond portfolios. In the case of bonds, the best 

outcome is to receive the full-face amount at maturity. However, the possibility of default 

means there is a small likelihood that an investor suffers large losses. The combination of 

the best outcome (or receiving the full-face amount), and the possibility of large losses 

leads to markedly left-skewed distributions. The left-skew 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 by the nationally 

recognized statistical rating organizations (NRSROs), the sum of the probabilities to the 

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 

 

Next, we vary the constant off-diagonal correlation, using values of 0.01, 0.50, 

and 0.99, while holding WAM, WAL, and all other inputs constant. Increasing the 

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

unaffected but results in lower MMF NAVs in the far left-tail of the distribution. This is 
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not entirely surprising for AA and A rated entities as the 2018 Moodyôs transition matrix 

specifies greater probabilities for downgrades than for upgrades. 

While holding the WAM and WAL constant at 35 and 70 days, respectively, and 

the off-diagonal correlation constant at 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 quality should correspond to a decrease in simulated MMF 

NAVs. As shown in Table 4-2, the mean and 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 financial markets, that yearôs 

Standard and Poorôs one-year transition matrix, with NR removed according to Equation 

(3.10), applies a greater likelihood of downgrades and defaults than its 2018 counterpart 

(Table A.5-3). As such, in using the 2008 transition matrix we expect to see lower 

simulated MMF NAVs than when using the 2018 transition matrix. Furthermore, 

consistent with changing from the 2018 transition matrix to the 2008 matrix, we 

investigate changing the mean and standard deviation of our recovery rate distribution to 

the values reported for 2008 and obtained from Moodyôs (Table A.5-4). In particular, we 

have the following update: ‘ τψȢψϷȟ„ ρπȢρϷᴼ ‘

σσȢυϷȟ„ ρρȢσϷ. 

With a decrease in the mean of the recovery rate and an increase the standard 

deviation, we expect the mean and 0.10% percentile of the simulated MMF NAVs to both 

decline. As is evident from Table 4-2, the change of recovery rate mean and standard 

deviation values results in declines for all three constant off-diagonal correlation values 

tested. In Figure 4-2 we provide histograms of the simulated MMF NAVs for the three 
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off-diagonal constant correlation values (i.e. 0.01, 0.50, and 0.99) using the Standard and 

Poorôs 2008 transition matrix, and Moodyôs 2008 data for the mean and standard 

deviation of recovery for the hypothetical portfolio of 50 issuers. Credit distributions are 

generally left-skewed with the median being greater than the mean, the preponderance of 

distributionôs mass near the median and mean, and a non-zero likelihood of large losses 

driven by downgrades and defaults. 

For simple 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. Thus, we may also validate our model by using analytical formulae 

and moving 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 conducting the comparison of the simulated MMF NAV to the value 

obtained analytically, we use our same hypothetical portfolio of 50 issuers with 25% of 

the AUM allocated to short-term U.S. government securities and 25% of the AUM 

allocated to financial firms. In contrast to using the August 29 to October 10, 2008 time 

period or the CCAR stress test scenarios, we set changes to interest rates, corporate 

borrowing costs, and the probabilities of ratings transitions in a manner that ranges from 

the exceedingly simplistic to more complex. Incorporating all of the complexity from the 

Monte Carlo simulation into the analytical computations is infeasible, but we can validate 

those components common to both. 
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In Table 4-3, we provide the calculated MMF NAVs using analytical formulae as 

well as the mean from the simulation model. There are six cases, starting a change in 

interest rates, and ending with changes in interest rates, corporate borrowing costs, and 

ratings transitions with predetermined probabilities. With each case we increase the 

complexity. 

 

 

 

Figure 4-2. Sensitivity Analysis for Changes to Correlation  
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 Table 4-2. Comparison to Analytical Formulae 

 

 Ὀ and Ὀ are the interest rate and credit spread sensitivity measures, or durations, 

for a bond. Here, we assume that all bonds across all issuers have the same duration 

(Ὀ Ὀȟ) and the spread duration (Ὀ Ὀȟ) may vary by issuer; in particular U.S. 

Treasury bonds typically have spread durations of zero. The cumulative weight for issuer 

Ὅ is denoted ύ. Then the changes in NAV to an MMF for a specified change in the 

interest rate ɝὶ, denoted ɝὔὃὠɝὶ,  and the change in NAV for a specified change in 

credit spreads, ɝί, denoted ɝὔὃὠɝί, are given by: 

ɝὔὃὠɝὶ ὈȟϽύϽɝὶ 

ɝὔὃὠɝÓ ὈȟϽύϽɝί 
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The total change in MMF NAV for a given change in the interest rate and changes in 

credit spreads is the sum of the two contributions: 

ɝὔὃὠ ɝὔὃὠɝὶ ɝὔὃὠɝί 

We briefly describe each scenario and illustrate the analytical computations to determine 

the MMF NAV. 

Case 1. 50 issuers, 25% of AUM allocated to U.S. government short-term debt, 75% of 

AUM allocated to financial firms, and each issuer has a WAM of 35 days and WAL of 70 

days. Interest rates increase by 200-basis points and there is no change in corporate 

borrowing costs. 

ɝὔὃὠɝὶ
συ

σφυ
ϽρȢππϽπȢπς πȢππρωρψ 

ὔὃὠ ρ ɝὔὃὠɝὶ πȢωωψπψς 

Given that there 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 decreases with an increase in interest rates. 

Case 2. 50 issuers, 25% of AUM allocated to U.S. government short-term 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 100-basis points and corporate borrowing costs increase 

by 300-basis points for non-government debt and 0-basis points for government debt. 

ɝὔὃὠɝὶ
συ

σφυ
ϽρȢππϽπȢπρ πȢππτσρυ 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπσ

χπ

σφυ
ϽπȢςυϽπȢππ πȢπππωυω 

ὔὃὠ ρ ɝὔὃὠɝὶ ɝὔὃὠɝί πȢωωφφττ 
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For Case 2, the decline in interest rates results in an increase in bond prices. The increase 

in corporate borrowing costs results in a decrease in the value of bonds issued by the 

financial entities. U.S. government bonds are deemed risk-free and only affected by 

changes in interest rates. The analytical value and simulated mean for the MMF NAV are 

once again equivalent. 

Case 3. 50 issuers, 25% of AUM allocated to U.S. government short-term 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 100-basis points and corporate borrowing costs increase 

by 300-basis points. 

ɝὔὃὠɝὶ
συ

σφυ
ϽρȢππϽπȢπρ πȢπππωυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπσ

χπ

σφυ
ϽπȢςυϽπȢππ πȢππτσρυ 

ὔὃὠ ρ ɝὔὃὠɝὶ ɝὔὃὠɝί πȢωωτχςφ 

With increases in interest rates and credit spreads, bond prices decline from each shock, 

and the analytical and simulated means for MMF NAVs coincide. 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. The decline in mean MMF NAVs and 

the magnitude of the change due to rates are consistent with theory. For Case 3, the 

analytical value and the simulated mean for the MMF NAV are equal. 

Case 4. 50 issuers, 25% of AUM allocated to U.S. government short-term 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 100-basis points and corporate borrowing costs increase 

by 300-basis 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 500-basis points. 

ɝὔὃὠɝὶ
συ

σφυ
ϽρȢππϽπȢπρ πȢπππωυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢωπϽπȢπσ πȢππσψψτ 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢρπϽπȢπυ πȢπππχρω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢςυϽπȢππ πȢπππππ 

ὔὃὠ ρ ɝὔὃὠɝὶ ɝὔὃὠɝί ɝὔὃὠɝί πȢωωττσψ 

With the non-zero probability of a downgrade from A to BBB for the financial entities, 

and the higher corporate borrowing costs at the lower rating, the MMF NAV for Case 4 is 

less than its value for Case 3. The analytical value and simulated mean MMF NAV are 

equivalent for Case 4. 

Case 5. 50 issuers, 25% of AUM allocated to U.S. government short-term 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 100-basis points and corporate borrowing costs increase 

by 300-basis 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%, and 1%, respectively. The change in corporate borrowing costs for BBB, BB, 

and B are in turn 500, 600, and 700-basis points. 

ɝὔὃὠɝὶ
συ

σφυ
ϽρȢππϽπȢπρ πȢπππωυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢωπϽπȢπσ πȢππσψψτ 
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ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπφϽπȢπυ πȢπππτσς 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπσϽπȢπφ πȢπππςυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπρϽπȢπχ πȢπππρπρ 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢςυϽπȢππ πȢπππππ 

ὔὃὠ ρ ɝὔὃὠɝὶ ɝὔὃὠɝί ɝὔὃὠɝί ɝὔὃὠɝί  

                                                                                                   ɝὔὃὠɝί  

πȢωωτσφφ 

By allowing for further downgrades, the MMF NAV declines from Case 4 to the value in 

Case 5. The resulting analytical value and simulated mean MMF value are equal. 

Case 6. 50 issuers, 25% of AUM allocated to U.S. government short-term 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 100-basis points and corporate borrowing costs increase 

by 300-basis 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. As in Case 5, The change in 

corporate borrowing costs for BBB, BB, and B are 500, 600, and 700-basis points, 

respectively. Now we use a constant off diagonal correlation of 0.90. 

ɝὔὃὠɝὶ
συ

σφυ
ϽπȢςυϽρȢππ πȢπππωυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢωπϽπȢπσ πȢππσψψτ 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπφϽπȢπυ πȢπππτσς 
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ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπσϽπȢπφ πȢπππςυω 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢχυϽπȢπρϽπȢπχ πȢπππρπρ 

ɝὔὃὠɝί
χπ

σφυ
ϽπȢςυϽπȢππ πȢπππππ 

ὔὃὠ ρ ɝὔὃὠɝὶ ɝὔὃὠɝί ɝὔὃὠɝί ɝὔὃὠɝί  

                                                                                           ɝὔὃὠɝί  

                            πȢωωτσφφ 

With the simulated mean MMF NAV of 0.99, we have a difference from the analytical 

value at the sixth decimal place. In turn, we can use analytical formulae to compute 

changes in the MMF NAV for changes in interest rates, corporate borrowing costs, and 

even ratings transitions, one may wonder why we need 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 NAVs; they do not describe 

the distribution of those NAVs. The distribution of NAVs is generally left-skewed with 

non-trivial probability that the simulated MMF NAV is well below the mean. For a large 

portfolio of heterogenous issuers and their corresponding pairwise correlations, it is only 

through simulation that we observe a full 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 insight. 

 When modeling, one must ensure a level of precision sufficient for the particular 

problem. Of particular note in this work is that retail prime MMFs ñbreak the buckò with 

a decline in NAV to below $0.995. As such, we explore fourth decimal place accuracy 

for simulated NAVs, using a range of simulations and observing that 150,000 is an 
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adequate number. We examine convergence in depth using our hypothetical portfolio 

consisting of 50 issuers, a two-month time horizon, WAM and WAL values of 35 days 

and 70 days respectively, changes in interest rates and corporate borrowing costs 

consistent with the time period used, and a transition matrix and recovery rate inputs for 

the year 2008. In Figure 4-3, we provide a graph of convergence for the simulated MMF 

NAV at the 0.10% percentile. Note that the mean value converges almost immediately. 

However, in determining the appropriate size of a capital buffer, it is the values in the left 

tail that are of concern. With stress testing MMF NAVs, it is the low likelihood, large 

losses that are the crucial to protect against, 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 values. As shown 

in Figure 4-3, for numbers of simulations (Monte Carlo sample sizes) above 20,000 we 

have convergence in the third decimal place for the MMF NAV. In Table A.5-6 we 

provide results for simulations ranging from 10,000 to 1,000,000 for the mean and 0.10% 

percentile simulated MMF NAVs, and we compute successive changes in the fourth 

decimal place for the 0.10% percentile MMF NAV. 

In Table 4-3 we compare an input Standard and Poorôs average annual transition 

matrix (Standard and Poorôs Global Ratings, 2019) and its matrix of simulated 

probabilities composed of the ratios of realized states with the total number of 

simulations (150,000). As shown in Table 4-3, the Euclidean distance between the input 

and simulated matrices is small, with differences in transition probabilities generally in 

the fourth decimal place. Figure A.5-1 we show a histogram of actual and simulated 

states for a BBB issuer from the input matrix. We conduct a Chi-Square goodness of fit 
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test for the observed (simulated) and expected (input matrix) values. The null hypothesis 

that there is no difference between the observed and expected values is rejected with a p-

value of 0.5808. 

 

  Table 4-3. Standard and Poorôs and Simulated Transition Matrix 

 

 

Figure 4-3. Convergence for the Simulated .1%tile MMF NAV 
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 To further validate our model, we conduct two retrospective case studies. 

Retrospective case studies are longitudinal and take place after the events occurred where 

the outcomes are known. Both cases occurred during the 2008 financial crisis: the 

Reserve Primary Fund as of August 31, 2008, and for the Financial Square Prime 

Obligations Fund as of September 30, 2008. To apply our model in these cases, we use 

the changes in interest rates and corporate borrowing costs consistent with the 42-day 

period as described in Table A5-5. We use the Standard and Poorôs one-year transition 

matrix for the year 2008 (Table A.5-3) and the mean and standard deviation of the 

recovery rate from Moodyôs (Table A.5-4). We obtain holdings for the Reserve Primary 

Fund as of August 31, 2008 and for the Financial Square Prime Obligations Fund as of 

September 30, 2008. The MMF data are obtained via form N-Q, which is a required 

schedule of portfolio holdings filed with the SEC. In accordance with our model, we 

aggregate holdings to the parent issuer, and for each issuer we obtain the long-term 

parent companyôs credit rating using Bloombergôs subscription service. The parent firm 

is generally rated by one of the major rating agencies (i.e. NRSROs), and we use 

Standard and Poorôs, Moodyôs or Fitch (Table A.4-1) ratings in that order of selection, 

subject to availability. We also obtain equity time series from Bloomberg for the same 

issuers (parent companies). In the event an issuer does not have an observable equity time 

series, we use an index or fund-based proxy consistent with Table A.5-1. 

On September 15, 2008 Lehman Brothers filed for bankruptcy, and on September 

16, 2008 the Reserve Primary Fund (RPF), a retail prime MMF, failed. As per form N-Q, 

RPF held $785 million in face amount of commercial paper and medium-term notes 

issued by Lehman Brothers Holdings, with a value of $782.4 million. With a total AUM 
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of $64.2 billion, RPFôs holdings in Lehman accounted for 1.22% of its total fund. Based 

solely on the default of Lehman, assuming no recovery, the RPF NAV would have been 

$0.9878. With redemption requests building quickly 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 of $0.97 was an estimate by the RPF and 

reflected the changes in interest rates, corporate borrowing 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 amounts of agency and financial commercial 

paper of 41.9% and 56.7% respectively, the changing financial landscape contributed 

substantially to the write-down in NAV to $0.97. 

In Figure 4-4 we provide the results of our simulation for the RPF NAV based on 

our stress test scenario encompassing the August 29 to October 10, 2008 time frame. 

During this period, the default of Lehman alone drives the NAV to $0.9878. The 

incremental losses of approximately $0.0178 during the period are due to changes in 

corporate borrowing costs, redemptions, and corresponding costs upon sales. Our results 

for the RPF NAV include minimum and maximum values of $0.96769 and $0.97667, 

with a mean of $0.97082. The model inputs and simulation result in a distribution of 

NAVs for the RPF that is consistent with the $0.97 value quoted by the RPF fund 

managers in September 2008. Given the circumstances that prevailed in September 2008 

and the positioning of the RPF, we find its failure unsurprising. With the readily apparent 

stress in the market for ABCP and many sponsors having taken them ñback on balance 

sheetò (i.e. assumed ownership), RPF held close to 40% of its assets in short-term debt. 

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

the epicenter of an ongoing 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 September 11, 2008. 

 

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 their issuer-pay model is 

fraught with conflict. Other readily available market observables ñreflect information 

more quickly and accurately than credit ratings.ò Credit default swap (CDS) spreads 

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

share prices are forward looking, reflecting the aggregate view of market participants. 

CDS spreads contain important information about the probability of default. 

 

Figure 4-4. Retrospective Analysis of the Reserve Primary Fund 
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Based on events and circumstances, RPF was banking on a government bailout 

and instead got stuck holding assets that, if sold, would have resulted in fund failure (as 

sales would have been at steep discounts). With MMFs holding short-term debt that 

generally matures in a two-month period, RPF had ample time to de-risk, given the credit 

risk indicators. But without a government bailout, with no deep-pocketed sponsor (unlike 

other MMFs), there was no rescue, and the fund ñbroke the buckò with catastrophic 

consequences 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) document that during the 30-year history of 

MMFs up until that point, there were over 300 instances of sponsor support aimed at 

precluding MMFs from ñbreaking the buck.ò In Table A.1-4, we provide a list of those 

sponsors that supported their MMFs over the 2007 to 2011 period (Brady et al, 2012). In 

the fourth quarter of 2008, Goldman Sachs injected $100 million into its Financial Square 

Prime Obligations Fund, which had AUM of $32.9 billion. This injection, which typically 

would entail the sponsor purchasing assets at face value, where the underlying bonds are 

worth less than par, represented an increase of 30-basis 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 to purchase assets from its own MMFs, and one can reasonably 

conclude that the transaction was executed to preempt the fund from ñbreaking the buck.ò 

Using the August 29 to October 10, 2008 time frame and holdings obtained from 

form N-Q, we can compute the true NAV of the Financial Square Prime Obligations 

Fund (SEC, September 30, 2008). In Figure 4-5 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 and $0.99544 with a mean value of 

$0.99326. While we cannot know the true NAV at the time of the sponsor support, it is 

reasonable to attribute the 30-basis points in value to the amount necessary to bring the 

fund NAV back above $0.995 and prevent it from ñbreaking the buck.ò With the 

unprecedented number of ratings downgrades, financial market volatility, widening in 

credit spreads, and illiquidity, Moodyôs Investors Service (2010) documents 62 funds that 

received sponsor support from 2007 to 2009. Moodyôs links the support to credit 

deterioration, defaults, and illiquidity. They highlight ABCP among those short-term debt 

instruments that were contributing factors to the financial stress.  

In Figure 4-5, 72% of the Financial Square Prime Obligations Fundôs AUM was 

allocated to ten issuers, including about 10% to the two government sponsored mortgage 

giants. These giants were effectively nationalized on September 7, 2008 when the U.S. 

government purchased preferred stock in each in an effort to backstop the firms and 

bolster the housing market. Similar to the RPF, the Financial Square Prime Obligations 

Fund was also highly exposed to bonds of other financial corporations. But while the 

Financial Square Prime Obligations Fund had a deep pocketed sponsor, the RPF did not. 

Goldman Sachs provided $100 million to preempt its MMFs from failure, and in October 

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.

  

 The sensitivity analyses, comparisons of simulations to analytical formulae, 

examinations of convergence, and retrospective cases studies all support the veracity of 

our simulation model. This validation work leads us to conclude that the data obtained, 

and simulation model designed, together provide accurate representations of the 

distributions of MMF NAVs to determine capital buffer sizes that mitigate the risk of 

ñbreaking the buck.ò In the forthcoming section we apply our model to the sample of 

retail prime 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. 

 

 

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

 We provide our results for our sample of 20 retail prime 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, 2014; 2018). After providing results, we 

compare our capital buffer sizing recommendation with those suggested by Hanson et al. 

(2015) and Lewis (2015). We also compare our proposed capital buffer sizing to sponsor 

support amounts from over 2007 to 2011 time period as documented by Brady et al. 

(2012). Through the use of our simulation model, we examine the relationship between 

the capital buffer sizing and WAM, WAL, and the number of unique issuers held in a 

MMF portfolio. Finally, we discuss capital buffer pricing. 

 In Table 4-4 we provide results for the simulation of MMF NAVs for our sample 

of 20 retail prime MMFs based on events which unfolded over the 42-day period 

spanning August 29, 2008 to October 10, 2008. The holdings for each fund were obtained 

from Crane Data (www.cranedata.com) as of September 30, 2019. We note that the 20, 

retail prime MMFs in our sample are all in compliance with Rule 2a-7 which was 

amended in each of 2010 and 2014. As one can see from the results, all but one fund 

(Janus Henderson Money Market Fund, JNMXX) ñbreak the buckò at the value of the 

simulated mean MMF NAV. The sole fund that does not ñbreak the buckò has a 

conservative WAM and WAL with each at 24 days which are well below the mean and 

median of the sample. Not surprisingly, this same fund has a lower annualized yield of 

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

Money Market Fund (JNMXX) is concentrated with only 22 unique issuers, and 20 held 

http://www.cranedata.com/
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in a weight that 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. In contrast, the 

Dreyfus General Money Market B (GMBXX) is similarly concentrated with 20 unique 

issuers all held in an amount greater than 0.5% and this fund ñbreaks the buckò at the 

mean and its computed capital buffer is 111-basis points. We note that the capital buffer 

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

consistent with the Basel Committee on Banking Supervision requirement on banks and 

the level employed by Hanson et al. (2015; Basel Committee on Banking Supervision, 

2009). 

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

 

In Table 4-5 we provide summary 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 statistics include the minimum, median, mean, and 
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maximum values for the percent of issuers 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 rather characteristics of the sample for select 

attributes and the computed capital buffer. What we find is that lower portfolio 

concentration coupled with lesser WAM, WAL, and annual yield are characteristic of a 

fund that would not require a capital buffer. Similarly, we see that a fund with greater 

concentration, higher WAM, WAL, and 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 spread sensitivity. We also observe that the median 

capital buffer is less than the mean, which implies a left-skewed distribution and is 

consistent with the simulated distribution of MMF NAVs provided in Figure 4-2. Finally, 

we note that based on our modeling, a repeat of the events that unfolded over the time 

period, the SEC reforms aimed at enhancing the resilience of retail prime MMFs would 

not preclude ñbreak the buckò events. 

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

 

In Table 4-6 we provide the results of the simulated MMF NAVôs for the 2014 

severely adverse CCAR stress test scenario (Board of Governors of the Federal Reserve 

System, 2014). Unsurprisingly, we observe that the only fund that does not require a 

capital buffer is the Janus Henderson Money Market Fund (JNMXX) which has a low 

WAM and WAL relative to its peers. Similar to our 2008 scenario, the fund with the 

Value % Issuers > .005WAM WALAnn. Yld.Capital Buffer

Minimum 59.02% 20 24 1.17 0

Median 77.50% 34 72 1.85 110

Mean 78.79% 35 72 1.82 113

Maximum 100.00% 52 113 2.10 197
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largest computed capital buffer is the USAA Money Market Fund (USAXX) that has a 

WAL of 106 days. While two other funds have higher WALs (i.e. TSCXX and FMJXX), 

these funds are less concentrated 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 find that increases in issuer concentration, WAM, and WAL 

result in a larger capital buffer. We also note that a greater annual yield is typically 

followed by a larger capital buffer. 

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

 

Table 4-7. Summary Statistics for MMF NAVs for 2014 CCAR Stress Test Scenario 

 

 The tables that follow include the results and summary statistics for the simulated 

MMF NAVôs for the 2018 severely adverse CCAR stress test scenario (Board of 

Governors of the Federal Reserve System, 2018). In Table 4-8 we provide the results of 

Value % Issuers > .005WAM WALAnn. Yld.Capital Buffer

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
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the simulated MMF NAVôs and the capital buffer computed by subtracting the 0.1% 

simulated NAV from the CNAV of $1.00. As observed in Table 4-8, there are now two 

funds which do not require a capital buffer. The Vanguard Prime MMF (VAN01), which 

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

ñbreak the buckò under the 2008 severely adverse scenario. This is likely driven by the 

low WAM and greater relative portfolio diversification with only 59.02% of unique 

issuers held in a weight greater than 0.5% and with 61 unique issuers in total. Table 4-9 

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

need for, and magnitude of, a capital buffer. 

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

 

Table 4-9. Summary Statistics for MMF NAVs 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 of the capital buffer, we can test this statistically. In examining the positive 

relationship between WAM and WAL, and the capital buffer, we employ simple linear 

regression to predict a response variable ὣfor a predictor variable ὢ. The model is 

given by: 

ὣ ‍ ‍ὢ ‭                                                   (4.1) 

For both univariate regressions, ὣ is the capital buffer, ‍ is the intercept, and ὢ is the 

predictor variable (WAM for one regression and WAL for the other.) The residual ‭ is a 

mean-zero, random disturbance term which must meet certain criteria in order to draw 

inferences. Equation (4.1) represents the population regression line whereupon estimating 

the model coefficients ‍ȟ‍  we have our estimated or fit the model ώ ‍ ‍ὼ. Our 

null hypothesis is that there is no relationship between our response ὣ and predictor 

ὢ variables, and our alternative hypothesis is that there is a relationship between the 

response ὣ and predictor ὢ variables. In rejecting or failing to reject the null 

hypothesis, we look at the individual ὸ-statistics and ὴ-values for our fitted model, and 

also assess the regression using Ὑ-squared and the Ὂ-statistic. The four principal 

assumptions of linear regression are: linearity, homoscedasticity, independence, and 

normality. Linearity means that the relationship between the response ὣ and predictor 

ὢ is linear in parameters. Homoscedasticity entails that the variance of errors ‭ is 

constant. Independence mean that there is no dependence among error values ‭. 

Normality is the distributional assumption around the error terms ‭. Plots of the 

residuals from the regressions allow us to assess whether these assumptions are met.  
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For this analysis we consider 50 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 Standard and Poorôs transition matrix (Table A-5.3; Standard and Poorôs 

Global Ratings, 2009), the mean and standard deviation of the recovery rate as per 

Moodyôs Global Credit Policy (2009; Table A-5.4), and the changes in interest rates and 

corporate borrowing costs prescribed for the 2018 CCAR severely adverse stress test 

scenario (Table A-5.5; Board of Governors of the Federal Reserve System, 2018). We 

use 10 degrees of freedom for Student-ὸ distributed random variables, and 150,000 

simulations. In evaluating the relationship between WAM and the capital buffer, we first 

set the change in interest rates to a constant positive 100-basis points (1.00%) for all time 

horizons. Recall from Equation (3.5) that the change in the value of a bond for a change 

in interest rates or credit spreads is: 

Ὠὄ ὈϽὄϽὨὶȟ    Ὠὄ ὈϽὄϽὨί 

and that Ὀ and Ὀ are equal to the time to maturity (Ὕ ὸ 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 portfolio. Thus, we know 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 increase in interest rates to a constant 100-basis 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 prescribed by the 2018 CCAR severely adverse scenario, but apply a 

constant positive 300-basis point (3.00%) increase in corporate borrowing costs for all 
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ratings (i.e. AAA AA, A, BBB, BB, B, CCC) for financials. We then vary WAL from 20 

to 120 in increments of five days while holding WAM constant at 35 days. Note that 60 

and 120 days are the maximum WAM and WAL, respectively, allowed by the U.S. 

Securities and Exchange Commission (SEC). 

 In Figures 4-6 and 4-7 we provide the results of varying WAM while holding 

WAL constant, vice versa where 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 interest rate and 

credit spread duration both a function of time, we expected a linear relationship. As per 

the Ὂ-statistics and corresponding ὴ-values, both regressions are statistically significant. 

The Ὑ-squared values suggest that the variability of each of the predictor variables serve 

to explain over 99% of the variation in the response variable. The intercepts and slope 

coefficients are statistically significant as per the ὸ-statistics and ὴ-values. In both 

regressions, we reject the null hypothesis, leading us to conclude that there is a 

relationship between each predictor and the response variable. 

In Figures A.5-2 and A.5-3 we include residual plots for the univariate regressions 

of the capital buffer against WAM and against WAL. Figure A.5-2 suggests that there is 

no discernable pattern in the residuals and while the assumption of normality is not 

strictly met as evidenced by the quantile-quantile plot, we do not deem the deviations 

substantial enough to discredit the model for WAM. In Figure A.5-3 we present the 

residual 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 response that alludes to some form of 
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nonlinear function. But, the over, under, and then overestimation are visible in Figure 4.7 

but the departure from linearity is subtle and not substantial enough to explore non-linear 

regression methods. For the regression of the capital buffer on WAL, the assumption of 

normality is not strictly met as evidenced by the quantile-quantile plot, but we do not 

believe the modest departure from normality to invalidate the model. 

 

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. government short-

term debt, may require little to no capital buffer. On the other hand, for a fund with a mix 

of risky credit instruments, and assuming zero recovery upon default, any issuer weighted 

greater than 0.5% defaulting results in a ñbreak the buckò event. However, we expect the 

relationship between both WAM and WAL, and the required capital buffer size, to be 

positive and statistically linear. 

 

Figure 4-6. Capital Buffer Size and Weighted Average Maturity 
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The level of diversification of a portfolio matters and hence the number of unique 

issuers is worth exploring. For our sample of retail prime MMFs, the minimum and 

maximum number of unique issuers is 20 and 97, for Dreyfus General Money Market B 

(GMBXX) and T Rowe Price Cash Reserves (TSCXX), respectively. As such, using the 

inputs outlined for our analysis of WAM and WAL, we explore the number of unique 

issuers ranging from 20 to 100 in increments of 5 for our hypothetical MMF, which 

allocates 25% of its assets to U.S. government debt, and the remaining 75% to financial 

firms. For example, for a portfolio of 20 issuers we 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.) With 100 issuers there is 25% invested in U.S. government debt and 75% in 

the remaining 99 financial firms (with 50 rated A and 49 rated BBB). We hold WAM and 

WAL constant. 

 

Figure 4-7. Capital Buffer Size and Weighted Average Life 
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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 that non-linearity is 

plausible between the number of unique issuers and the required capital buffer size. For 

example, with low correlation, non-linearity could come about by way of diminishing 

benefits from diversification. We explore constant off-diagonal correlations of 0.01 

(low), 0.5 (medium), and 0.75 (high). We note that in practice, correlation among issuers 

is greater than zero but less than one, and while we explored 0.99 constant off-diagonal 

correlation for sensitivity analysis, this was a near degenerate case that was appropriate 

for numerical validation. The Chicago Board Options Exchange publishes an index value 

(Chicago Board Options Exchange, S&P 500 Implied Correlation Index, ticker symbol 

KCJ) that tracks pairwise correlation (Chicago Board Options Exchange, 2009). Since 

inception, the mean level of the KCJ index is approximately 60%, helping to motivate our 

tests and their input values. The model we fit is: 

ὣ ‍ ‍ὢ ‍ὢ ‭                                          (4.2) 

For the above regression, ὣ is the capital buffer, ‍ is the intercept, ὢ is the predictor 

variable, and ὢ  is its squared value. The residual ‭ is a mean-zero, random disturbance 

term which must meet certain criteria for drawing inferences. Equation (4.2) represents 

the population regression line whereupon estimating the model coefficients ‍ȟ‍ȟ‍ , 

we have our estimated or ñfittedò the model ώ ‍ ‍ὼ ‍ὼ. Our null hypothesis is 

that there is no relationship between our response ὣ and predictor ὢ variables, and 

our alternative hypothesis is that there is a relationship between the response ὣ and 

predictor ὢ variables. We note that while there is a quadratic term in Equation (4.2), we 

still employ least squares regression as the model is linear in parameters. 
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 In Figure 4-8, we provide a depiction of the relationship between the number of 

unique issuers and the capital buffer size. As is readily observable, the relationship is 

non-linear, and it changes with changes to the off-diagonal correlation value 0.01 (low), 

0.5 (medium), and 0.75 (high).) For low correlation there are limited benefits to 

diversification since, as the number of issuers increases, each holding becomes smaller in 

weight, thereby making ratings transitions and defaults less impactful. This is particularly 

evident by viewing the scales of the ώ-axes in Figure 4-8. For medium and high 

correlation, the relationship between the number of unique issuers and capital buffer size 

becomes closer to linear. As correlation increases, increasing the number of issuers 

becomes less impactful. In turn, as the number of issuers increases from 20 to 100, the 

difference between the capital buffer at the lower number of issuers versus the higher 

number of issuers is 17, 9, and 7-basis points for constant off-diagonal correlation of 0.01 

(low), 0.5 (medium), and 0.75 (high), respectively. In the limit, as correlation tends to 

one, we face the degenerate case where 20 and 100 assets become identical such that 

there would be no difference in capital buffer size as each portfolioôs 75% weight in 

financial corporate bonds would behave as one large (identical) security. 

In Table 4-10 we provide the results from the regressions of the number of unique 

issuers (predictor) and capital buffer size (response). Each of the regressions is 

statistically significant as evidenced by the Ὂ-statistics and ὴ-values. All of the individual 

fitted parameters are statistically significant as per the ὸ-statistics and ὴ-values. The 

adjusted Ὑ-squared values suggest that the predictor variables explain a significant 

portion of the variability in the response variable (the required capital buffer size). In 

Table A.5-3 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 constant off-diagonal correlation. There 

is a departure from normality, but we do not believe that it invalidates the modeling or 

necessitates the exploration of robust statistics, which are less sensitive to outliers and 

high leverage points. 

 

Table 4-10. Capital Buffer Size and Number of Issuers  

 

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 (x2) 0.0026 4.3514 0.0007

Adj. R-squared 0.9136

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 (x2) 0.0011 4.8806 0.0002

Adj. R-squared 0.9564

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 (x2) 0.0010 2.5801 0.0218

Adj. R-squared 0.7290

Capital Buffer (y) and Portfolio Size (x) for r = .01

Capital Buffer (y) and Portfolio Size (x) for r = .5

Capital Buffer (y) and Portfolio Size (x) for r = .75

 

Figure 4-8. Capital Buffer Size and Number of Issuers 
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 Based on our modeling we believe that the SEC reforms of 2010 and 2014 did not 

go far enough, and that ñbreak the buckò events are too likely under stressful financial 

market conditions (SEC, January 27, 2010; SEC July 23, 2014). The SEC reforms made 

MMFs more resilient, 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 holdings to no more than 

5% for first-tier assets and 3% for second-tier 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 scenarios we applied, there were ñbreak 

the buckò events. In many cases 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 

losses of $0.005 at a 99.9% confidence interval, in accordance with the Basel Committee 

on Banking Supervision requirement for banks (Basel Committee on Banking 

Supervision, 2009). This finding addresses our first research question and supports our 

first hypothesis. Through modeling, we find that WAM and WAL are positively related 

to the size of the capital buffer necessary to absorb losses. With WAM and WAL directly 

related to an MMFôs sensitivity to changes in interest rates and credit spreads, this 

finding addresses our second research question and supports our second 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 absorbing capital buffer is non-linear 

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 buffer address our third research 

question and support our third hypothesis. 

4.4 Capital Buffer Sizing and Pricing 

Hanson et al. (2015) suggest a capital buffer of 390-basis points. Their work is 

based on high-level modeling that does not account for the heterogeneity of issuers. In 

fact, in Table 4-1, the average allocation to U.S. government debt is only 26.70% in our 

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

Furthermore, the SEC reform of 2010 necessitates that 10% of an MMFôs assets must be 

liquid within one day and 30% of the portfolio must be liquid in one week. Post-reform, 

retail prime MMFs increased their holdings in U.S. government debt, thereby making 

them more resilient. Lewis (2015, 2016) suggests that a capital buffer of 60-basis points 

is sufficient for normal market environments but then goes on to say that if a 

concentrated position failed it could require a buffer 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 losses for the vast majority of MMFs in times of 

stress. We note that Brady et al. (2012) document sponsor support that occurred over the 

2007 to 2011 time period. The mean and 95th percentile values of the quotient of the 

sponsor support amount and the corresponding fund AUM are 93 and 311-basis points 

respectively. 

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

ñbreaking the buckò in our stress test scenario, which spanned the period August 29 to 

October 10, 2008. A 200-basis point capital buffer would have resulted in no ñbreak the 
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buckò events for this same scenario. A 150-basis point capital buffer would have resulted 

in no ñbreak the buckò outcomes for the 2014 CCAR stress test, and a 160-basis point 

buffer would have sufficed for the 2018 CCAR stress test. While we do not aim to 

preclude all ñbreak the buckò events in the future, we do seek to substantially reduce their 

likelihood and put in place capital buffers and a mechanism that benefits shareholders, 

market participants, and taxpayers who ultimately shoulder the cost of government led 

bailouts. We believe that a 200-basis point capital buffer can absorb losses at a 99.9% 

confidence interval. While this value would have precluded all ñbreak the buckò events 

for our three stress test 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 stressed market environment. 

 In the course of suggesting capital buffers 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 approaches, including 

subordinated share classes and an escrow account. Hanson et. al. (2015) suggests that 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 probabilities and recovery 

rates. Lewis (2016) suggests that the capital buffer is intended to ñabsorb the fluctuations 

in the value of a fundôs underlying assets relative to their amortized costò (p. 45). Lewis 

(2015, 2016) then goes on to deem the cost of a buffer prohibitive, and claims 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 should serve to absorb losses in the event that a retail prime 

MMF would otherwise ñbreak the buck.ò The capital buffer should not absorb day-to-day 

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

dropped to $0.995. Retail prime MMFs should not be required to publicly report ñshadow 

NAVsò as such information can foment mass redemptions. We propose that the capital 

buffer absorb losses from $1.00 to $0.98 (i.e. 200-basis points) conditional on the MMF 

reporting to the SEC that its true NAV 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 where maturing assets would raise cash, which would be paid to 

shareholders, or held in segregated accounts and invested in short-term U.S. government 

debt. While under normal circumstances periodic interest is paid to owners of deeply 

subordinated capital buffer claims, in our proposed scenario interest payments would be 

suspended while the MMF receives proceeds from maturing securities in the wind-down. 

Upon completion of the wind-down, the first 200-basis points of losses (i.e. 2% of the 

MMF) would accrue to the owners of the 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 200-basis point threshold would be borne by 

ordinary shareholders. Post wind-down, the MMF can re-open and take subscriptions by 

issuing new ordinary shares and subordinated securities for the new capital buffer. In 

drawing an analogy to contingent claims, the capital buffer security can be viewed as 

being short a down-and-in put option with a strike price equal to the $1.00 CNAV and a 

barrier of $0.995, and long an ordinary put option with a strike price equal to $0.98.  
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 As an example, letôs assume that a retail prime MMF with the 200-basis point 

capital buffer reports to the SEC that its 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 $98.00. The capital buffer 

security holders would own notes with a face amount of $2.00, whereupon in a ñbreak the 

buckò event the retail prime MMF would begin the wind-down. To keep matters simpler, 

letôs assume that all claims would mature over the subsequent one-month period. As cash 

is received it would be placed in the segregated account, and while it could be invested in 

short-term 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 account was to 

hold cash in an amount 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 the event, but 

would lose their 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 capital buffer noteholders 

would receive $1.40, for a total value of $99.40. 

 We do not agree with Hanson et al. (2015) who suggest that the cost of a buffer 

would be aligned with the credit spread associated with A to BBB rated firms. Similarly, 

we do not agree with Lewis (2015, 2016), 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 Lewis (2015) are alone in modeling the appropriate size of a capital buffer. 
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But, neither Hanson et al. (2015) nor Lewis (2015, 2016) delve 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 30-basis point range. Using the lower figure of a 24-basis point yield above U.S. 

government MMFs, one can examine the cost in basis points above the short-term 

government debt that would eliminate that 24-basis point advantage. Given that the 24- 

basis points come from those securities with a spread above U.S. government short-term 

debt, we can compute the average spread to non-U.S. 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 short-term debt. Thus, we have that the 

typical spread is ςτȾπȢχυ σς-basis points. Now consider a retail prime MMF with 

25% in U.S. government debt with spread of zero, 73% (reduced from 75% to 

accommodate the capital buffer) in risky short-term MMF instruments, and 2% allocated 

to a subordinated capital buffer notes paying some unknown ὢ% per annum in spread 

above U.S. government debt. Solving for ὢ in πȢπςϽ πȢχσϽπȢππσς, 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 capital buffer debt for it to erase the entire yield 

advantage of the MMF. Anything less than 1168-basis points would allow the retail 

prime MMF to continue to maintain a yield advantage relative to its U.S. government 

MMF competitors. At the 30-basis point yield advantage referenced by Spirgel (2018), 

the subordinated capital buffer notes would have to pay 1460-basis points to eliminate the 

yield advantage. The 1168 and 1460-basis point values provide ample room for the 
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issuance and payment of a 200-basis point subordinated capital buffer. We note that when 

compared to the portfolio of risky short-term MMF instruments, the 2% represents a loss 

absorbing cushion of 
Ϸ

Ϸ
ςȢχτϷȢ 

Beyond the yield advantage which may be used to fund a capital buffer, retail 

prime MMFs have fees which are generally higher than their institutional counterparts. A 

reduction in fees can also be used to fund the cost of capital buffer. We note that while 

the 200-basis point capital buffer seems like a ñone size fits allò solution, it is not. 

MMFôs that take less risk by having shorter WAM and WAL, greater numbers of unique 

issuers, and smaller numbers of, or no, concentrations, will have lower cost buffers. 

During a crisis period, it is possible that more than one MMF would ñbreak the buckò and 

enter a wind-down phase. Some may argue that with multiple MMFs in wind-down 

phases, that 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 

sponsors and investors, 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 eliminating moral hazard. 
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Chapter 5ðDiscussion and Conclusions 

 

5.1 Discussion 

In response to the 2008 financial crisis and the role, shortcomings, and bailout of 

money market funds (MMFs), the SEC promulgated two reforms amending Rule 2a-7 in 

2010 and 2014 (SEC, January 27, 2010; SEC July 23, 2014). The first reform reduced the 

sensitivities of 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 (WAL) to 120 days. The SEC also 

constrained 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, the 2010 amendment limited the 

amount of assets that may be placed in any highly rated security to 5% and placed a 3% 

concentration limit on so-called second-tier securities. As an apparent double standard, 

the 2014 amendment to Rule 2a-7 requires institutional prime MMFs to price their shares 

using market-based 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 portfolio securities. Additionally, the second 

reform authorizes MMFs to impose liquidity fees and to temporarily suspend 

redemptions (i.e., to impose ñredemption gatesò) during periods of market stress.  

Furthermore, the reform requires MMFs to satisfy enhanced liquidity standards, new 

disclosure requirements, diversification limits, and stress-testing 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 

FNAV valuation for all, or some, MMFs (Schapiro, 2010). Frustrated by the SEC, then 

Treasury Secretary Timothy Geithner lobbied for stronger reform. Geithnerôs urging 

prompted the Financial Stability Oversight Council (FSOC) to issue proposed 

recommendations, which included the possibilities of an FNAV, a capital buffer and 

minimum balance at risk (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 

and regulators argued for FNAVs, capital buffers, MBR, requisite sponsor support, and 

enhanced fund board involvement, the reforms fell short. As an example, in the presence 

of financial stress, FNAV does not eliminate a first-mover advantage as early 

redemptions remain advantageous should overall redemptions become sufficiently heavy. 

With institutional prime MMFs holding substantially similar (or even the same) assets as 

their retail counterparts, redemptions by institutions impact net asset values (NAVs) of 

the retail MMFs. Asset-backed, financial, and corporate commercial paper (CP) 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 market. While daily and weekly liquidity 

requirements are beneficial during normal market environments, they are not sustainable 

when financial stress accompanies large-scale redemptions. The sale of liquid assets 

increases the risk of the portfolio for the remaining shareholders. While the liquidity 

mismatch inherent between a portfolio of securities that matures in approximately 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. In fact, in discussing 

FNAVs Lewis (2016, p. 41) states that ñmark-to-market pricing is something of a 

misnomer for instruments held by MMFs. Unlike in equity-based mutual funds, most of 

the risky securities held by MMFs do not trade in active secondary markets.ò 

Our analysis validates this risk. With our sample of 20 retail prime MMFs, the 

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 repurchase agreements. In turn, with large scale redemptions the average fund cannot 

easily maintain the 30% weekly liquid assets requirement with little to no secondary 

market for their risky securities. 

Historically, sponsors have been all too ready to support their MMFs. Pierce and 

Greene (2015) highlight the SECôs mention of 300 instances of MMF support over their 

30-year history. The frequency of support masks the risk of MMFs. Sporadic sponsor 

support distorts the link between risk and return and promotes moral hazard by investors 

and fund managers. Explicit sponsor support requires risk-based capital, thereby making 

the financial entity the effective provider of a loss absorbing capital buffer. However, 

efficient risk transfer results from the sale of capital 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 light on the relative riskiness 

of MMFs. Finally, SEC reforms provided MMF boards with the ability to impose 

liquidity fees and redemption gates. We believe that boards will be extremely reluctant to 

impose fees and gates for fear of reputational harm and brand damage. 
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We are not alone in recommending a capital buffer as a means decreasing MMF 

risk. In addition to Hanson et al. (2015), the FSOC proposal included four suggestions, 

two of which included a capital buffer (FSOC, 2012). One suggestion was a capital buffer 

of 1% coupled with a minimum balance at risk (MBR) requirement, 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 portions of all investorsô shares bearing first 

losses, and the remaining shares bearing all subsequent losses. 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 funds. On the other hand, 

buffer securities can be sold to those seeking high yields in 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 day-to-day losses, but only those losses that arise 

after a retail prime MMF has reported a ñbreak the buckò event to regulators. Our 

approach provides for an orderly fund wind-down, with proceeds from maturing 

instruments placed in a segregated account. Proceeds can then be distributed to 

shareholders while retaining an amount used to determine final payments, resulting in 

losses to buffer providers alone or to both classes, depending on the total loss amount. 

While in this proposal the ñbreak the buckò threshold remains, we believe an orderly 

wind-down is far superior to potentially destabilizing liquidations, gating, and 

downstream litigation. We note that the proposed $0.995 threshold at which a retail prime 

MMF would notify regulators and begin the unwinding process is consistent with the 

current ñbreak the buckò threshold. Some may argue that with the same threshold as what 

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 ñbreak the buckò events, as clarity regarding events, fund actions, and 

seniority diminishes the uncertainty and panic sales associated with the status quo. The 

prioritization of payments, liquidity provided by maturing assets, and clear rules 

associated with orderly wind-downs will reduce the destabilizing effects of ñbreak the 

buckò events. While one could propose an alternative threshold at which a retail prime 

MMF would begin an orderly wind-down, there are tradeoffs. For example, a lower 

threshold would result in additional uncertainty for ordinary shareholders and higher 

costs paid to buffer security holders. We note that the SECôs 2010 reform permits the 

board of an MMF that has ñbroken the buckò to suspend redemptions and allow for an 

orderly liquidation of fund assets. Our proposal for a capital buffer coupled with an 

orderly wind-down bolsters resiliency while clarifying the rules the fund will abide by in 

the event it ñbreaks the buckò (i.e., suspending redemptions and prioritizing cash 

distribution to regular shareholders, as opposed to buffer security holders, as assets 

mature). 

Finally, Lewis (2015; 2016) notes that the cost of a buffer exists at all times with 

the loss absorption capacity rarely used. This should not be viewed negatively though, as 

the cost of the buffer should reflect that the types of market stress that lead to ñbreak the 

buckò events are rare. To reflect the current market environment, buffer securities could 

have relatively short maturities (e.g. one-year); in such cases, the yields during good 

economic environments would align 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 a retail prime MMF. 
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5.2 Conclusions 

We believe that capital buffers 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 MMFs, and financial markets 

more broadly. With capital buffers in place and with clear rules established, retail prime 

MMFs that ñbreak the buckò should begin orderly wind-downs. Given the maturities of 

portfolio securities, an orderly wind-down would allow for payments to shareholders, 

thereby providing much needed liquidity. The capital buffer should not absorb day-to-day 

losses relative to the CNAV but rather losses conditioned on a ñbreak the buckò event. 

Furthermore, a well-known plan for an orderly wind-down may alleviate costly litigation 

and allow for a retail 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 

post-reform, observed yield advantage of retail prime MMFs over their U.S. Treasury 

counterparts, 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 environment. 

5.3 Contributions to Body of Knowledge  

 This research contributes to the body of knowledge regarding the fragility of retail 

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

1. Specifies a structural default-based, modeling methodology that takes into 

account an array of salient details, including the actual holdings of retail 

prime MMFs in determining the size of an appropriate loss absorbing 

capital buffer. While the existing literature is rife with criticisms of the 
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post-crisis, SEC reforms of MMFs, it is lacking in data-driven, model-

based methods to guide policy recommendations. Where modeling 

methods are employed, previous authors construct idealized funds based 

on industry statistics and fail to account for issuer heterogeneity, the 

potential for ratings migrations, pairwise dependence, heavy 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 between asset correlation, the number 

of unique issuers in a portfolio, and 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 approach for the application of a capital buffer. Others 

suggest that a capital buffer should be used to absorb day-to-day losses 

relative to a retail MMFs CNAV. We suggest that the capital buffer be 

used to absorb losses conditional on a fund ñbreaking the buckò. We 

further describe an orderly wind-down mechanism that serves to avoid 

destabilizing asset sales and likely reduces the costs of litigation.   

5.4 Recommendations for Future Research 

While this work determined an appropriate loss absorbing capital buffer for retail 

prime MMFs through the use of modeling and a sample of actual funds, 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 the sale of assets, 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. Financial markets are complex, and the 

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 short, further 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, many of the results 

were generated by year-end 2019. Chapter 1 was completed by January 31, 2020 and the 

remainder of the work followed a closely monitored schedule. While the World Health 

Organization officially declared COVID-19 a global pandemic on March 11, 2020, 

financial markets already reacted with selloffs in equities, heightened financial market 

volatility, increasing corporate borrowing costs, flights-to-quality (e.g., U.S. Treasury 

debt), and decreasing liquidity in bond markets. Most important to this work is that the 

financial stress led investors to withdraw from prime MMFs and invest in U.S. 

government and treasury MMFs. Not surprisingly, prime MMFs were unable to meet 

those redemptions while maintaining weekly liquidity requirements, as risky commercial 

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

net asset values (NAVs) down and expose retail prime MMFs to increased risk of ñbreak 

the buckò events. 
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 In an article from The New York Times entitled ñWhy we are once again saving a 

safe investment,ò Eavis (2020) describes the large scale redemptions from prime MMFs 

that led the Federal Reserve to re-launch the 2008 financial crisis Money Market Mutual 

Fund Liquidity Facility (MMLF, previously deemed TTGMMMF). With redemptions 

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 Bank for International 

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 that post-crisis reforms 

did not go 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 withdrawals (McLaughlin, 2020). A JP 

Morgan prime fund suffered $13 billion in withdrawals the week of March 16, 2020. 

Northern Trustôs Prime Obligations Portfolio saw a 40% decline in AUM due to investor 

flight. Northern Trust later filed to liquidate the fund. 

 The Federal Reserveôs MMLF, which provides loans to eligible financial 

institutions to purchase high-quality assets from MMFs, gave a lifeline that once again 

puts taxpayer money at risk (FRB, March 18, 2020). Under the program, the Federal 

Reserve Bank of Boston will provide non-recourse loans to eligible borrowers that 

purchase assets from prime, single-state, or other tax-exempt MMFs. The program will 
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absorb up to $10 billion in losses using the Exchange Stabilization Fund. As a result, we 

anticipate future debate and possible further reform of MMFs. 
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Appendix A.1 Select Figures and Tables from Literature Review 

 

 

 

 

 

Figure A.1-1. Money Market Fund Assets by Type of Fund 

 

 

 

 

 

 

 

 

 

Source: Office of Financial Research (OFR), www.financialresearch.gov.

 

Figure A.1-2. Prime Money Market Fund Holdings by Type of Asset 
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Figure A.1-3. Prime Money Market Fund Commercial Paper by Type 

 

 

 

 

 

 

 

 

 

Source: Federal Reserve Economic Data repository sponsored by the Federal Reserve Bank of St. Louis

www.fred.stlouisfed.org.
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Table A.1-1. Prime Money Market Funds Issuers 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 5.4

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 2.9

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, Calyon)France 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 LtdAustralia/New Zealand 13,725 1.8

Federal Home Loan Banks (FHLB) United States 13,065 1.7

Societe Generale France 12,007 1.5

Svenska Handelsbanken A.B. Sweden 11,846 1.5

Citigroup Inc. United States 11,722 1.5

National Australia Bank Australia/New Zealand 11,426 1.5

ING Groep NV Netherlands 10,017 1.3

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 1.1

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 data is from

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 
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Table A.1-4. MMF Sponsor Support over 2007 ï 2011 

 

 






































