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Abstract

US money market funds (MMFSs) play an important role in short-term markets as large investors
of Treasury bills (T-bills) and repurchase agreements (repos). We build a theoretical model in
which MMF's strategically interact with banks and each other. These interactions generate
interdependencies between repo and T-bill markets, affecting the pricing of these near-money
assets. Consistent with the model’s predictions, we empirically show that when MMFs allocate
more cash to the T-bill market, T-bill rates fall, and the liquidity premium on T-bills rises.
To establish causality, we devise instrumental variables guided by our theory. Using a granular
holding-level dataset to examine the channels, we show that MMF's internalize their price impact
in the T-bill market when they set repo rates and tilt their portfolios towards repos with the
Federal Reserve when Treasury market liquidity is low. Our results have implications for the

transmission of monetary policy, benchmark rates, and government debt issuance.
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1 Introduction

US Treasury bills (T-bills) and repurchase agreements (repos) are among the most important
financial instruments of global finance. T-bills are safe, liquid, and considered the global risk-free
asset (Krishnamurthy and Vissing-Jorgensen, 2012; Greenwood, Hanson and Stein, 2015; Nagel,
2016). Repos are instrumental for banks and other financial institutions to raise short-term capital
and manage liquidity needs (CGFS, 2017). The importance of repos is set to increase further as
repo-based reference rates replace LIBOR in derivatives markets. Through the reverse repo (RRP)
facility, repos issued by the Federal Reserve also constitute a critical monetary policy instrument

(Afonso et al., 2022a).!

We show that strategic interactions of US money market funds (MMFs), which are key investors
in T-bills and repos, with banks and each other significantly impact the pricing of the world’s safest
and most liquid assets. We first show theoretically that when MMFs charge higher rates in the repo
market, demand for repos decreases, leaving MMFs with more “residual cash” available to invest in
the T-bill market. Due to MMFs’ price impact in the T-bill market, higher rates in the repo market
cause T-bill rates to fall. The existence of the RRP alleviates these effects but does not eliminate
them. We then devise instrumental variables guided by our model to establish empirically that
MMFs’ portfolio allocations have the predicted effects and that they are economically significant.
We also use a granular holding-level dataset to examine the channels outlined in the model. We
further show that MMFs internalize their price impact in the T-bill market when they set repo rates
and tilt their portfolios towards repos with the Federal Reserve when Treasury market liquidity is

low.

Our results have implications for the transmission of conventional and unconventional monetary
policy, repo-based benchmark rates’ robustness, and government debt issuance. First, MMFs
typically receive inflows when the federal funds rate increases (e.g. Duffie and Krishnamurthy,
2016; Drechsler, Savov and Schnabl, 2017; Xiao, 2020). At the same time, to the extent that

inflows increase their T-bill demand, they put downward pressure on T-bill rates due to MMF§’

IFor collateral providers (banks and the Federal Reserve), these transactions are called repos. For cash lenders
(MMFs), they are called reverse repos. For brevity, we refer to these transactions as repos throughout the paper.



price impact, weakening the transmission mechanism of monetary policy. However, a larger central
bank balance sheet with greater availability of the RRP facility can partly offset this channel.
Second, as the transition from credit-sensitive (LIBOR) to risk-free repo-based benchmark rates
(SOFR) is underway (Huang and Todorov, 2022), our results imply that the market structure and
liquidity conditions in the repo and Treasury markets impact benchmark rates and hence have
spillover effects to other markets.? Third, as the price impact of MMFs arises due to supply-
demand imbalances in the T-bill market, targeted government debt issuance could alleviate these

imbalances, improving liquidity and increasing government revenues.

Our analysis begins with a model of strategic interactions of MMFs with banks in the repo
market and each other in the T-bill market. Funds optimally set repo rates with banks and allocate
their funds between repos with banks, T-bills, and repos with the Federal Reserve. Consistent with
the data, the model features market concentration, and large funds simultaneously account for a
significant share in the repo and T-bill markets. These patterns create the crucial trade-off between
MMFSs’ market power in the repo market and their price impact in the T-bill market.? All else equal,
funds with greater market power charge higher rates, so banks demand fewer repos. As a result,
MMFs allocate more of their cash to T-bills, thereby putting downward pressure on T-bill rates

due to their price impact.

Our model provides insights into why most MMF's invest both in T-bills and the RRP facility,
two close substitutes for cash management purposes. The RRP facility provides MMFs, which
are ineligible to receive interest on reserve balances held at the Federal Reserve, with a risk-free
overnight investment option. The rate is set administratively by the Federal Reserve and is fixed,
so MMFs have no price impact.* This leads to an interesting problem for the allocation between

T-bills and RRP. Without any price impact in the T-bill market, MMF's would allocate all their

2As a case in point, when MMFs contributed to ructions in repo markets in September 2019, this has led to
significant moves in the SOFR (e.g. Avalos, Ehlers and Eren, 2019; Afonso, Cipriani, Copeland, Kovner, La Spada
and Martin, 2020; Correa, Du and Liao, 2020; d’Avernas and Vandeweyer, 2020; Copeland, Duffie and Yang, 2021).

3Several papers have shown that banks also have market power in the repo market (see, e.g. Aldasoro, Ehlers and
Eren, 2022; Huber, 2022). We account for this possibility in our model, as both MMFs and banks’ relative market
power matter for driving the results. We fix banks’ power to focus on the trade-offs MMFs face. In our empirical
setup, we show that MMF market power affects repo rates even when we control for bank*time fixed effects, which
absorb unobservable time-varying bank characteristics, including bank market power.

“Even though there are counterparty limits, all MMFs are well below this limit as of the end of 2022.



residual cash entirely in T-bills or the RRP, depending on which instrument offers a higher rate.
However, in the data, funds typically choose an interior solution for their allocation between T-
bills and the RRP. Our model generates this interior solution by assuming a non-monetary cost
associated with investing in the RRP facility. Hence funds trade off this cost and their price impact
in the T-bill market to find an optimal allocation. A consequence is that the RRP alleviates but
does not eliminate MMF's’ price impact considerations. Moreover, the model predicts that MMF's
tilt their asset allocation more towards the RRP when the Treasury market is illiquid, that is when

their price impact is greater.

We find empirical evidence consistent with our model’s predictions. We first demonstrate that
MMFs’ residual cash share has a significant negative correlation with the T-bill-RRP spread in
time series regressions at the monthly level. By using the spread of T-bill rates over the RRP rate,
our regressions account for the impact of aggregate macroeconomic conditions, as they are reflected
in the interest rate on the RRP set by the Federal Reserve. Moreover, we find that adding the
residual cash share to standard specifications in the literature that explain the spread improves
the explanatory power markedly. Second, we find that an increase in the residual cash share is

associated with a significant increase in the liquidity premium of T-bills.

Our estimated coeflicients are economically significant. The partial impact of a standard
deviation increase in the average MMF share of residual cash from repo lending on the spread
between the 1-month T-bill rate and the RRP rate is equivalent to the partial effect of around one
percentage point increase in the federal funds rate, or around a third of a percent increase in the
T-bill supply normalized by GDP. Similarly, the partial impact of a standard deviation increase in
the average MMF share of residual cash from repo lending on the spread between the 1-month GC
repo rate and 1-month T-bill rate is equivalent to the partial effect of an around one percentage
point rise in the federal funds rate, or an around one-fifth of a percent rise in the T-bill supply

normalized by GDP.

The residual cash share variable is an equilibrium outcome, so regressing rates on quantities
is subject to endogeneity concerns. For example, changes in the T-bill rate could affect the

residual cash share. To isolate the exogenous variation in the residual cash share and establish



a causal effect of MMFs’ portfolio allocation on the various outcome variables, we construct an
instrumental variable guided by our theory. In the model, higher market concentration in the
repo market leads to higher repo rates, which lowers the aggregate bank demand for repos — as
we observe in the microdata. As a consequence, MMFs have more residual cash to invest in the
T-bill market, independent of conditions in the T-bill market. Our main instrumental variable is
hence the Herfindahl-Hirschman Index (HHI) of market concentration in the bank repo market. It

is constructed from funds’ market shares in the repo market.

We follow two approaches to address the remaining concerns with our instrumental variable
strategy. One concern is that banks’ demand for repos could jointly affect the HHI and T-bill
markets, violating the exclusion restriction. To isolate variation in the HHI that is not driven
by banks’ demand, we thus take out each bank’s demand at a given time by first regressing the
size of each individual contract on bank-time fixed effects. We then reconstruct the HHI from the
residuals. Second, to address the concern that changes in the HHI mostly reflect the 2016 US MMF
reform that drastically increased concentration in the repo market (see Aldasoro, Ehlers and Eren

(2022)), we show that our results also hold when we focus only on the post-reform period.

After establishing the aggregate impact of MMF's in the T-bill market, we provide evidence for
the underlying channels with a detailed dataset of US MMFs’ portfolio holdings at individual
holding levels. The data, obtained from MMFs’ regulatory filings, cover the universe of US
MMF funds between February 2011 to October 2022 and provide detailed information on contract
characteristics for each holding. We construct counterparts of key model variables in the data
for funds’ market shares in the repo and T-bill markets and their residual cash, overall market

concentration in the repo market, and Treasury market liquidity.

We find evidence for the predictions of the model on the market power vs. price impact trade-off
and the impact of liquidity conditions in the Treasury market on MMF portfolio allocations. First,
funds’ market share (i.e., market power) in the repo market positively affects repo rates between
MMFs and banks. In contrast, funds’ market share in the T-bill market affects repo rates negatively.
This result is consistent with the interpretation that MMF's internalize their price impact in the

T-bill market when they set repo rates. Due to the granular nature of our data, we can control for



a battery of time-varying fixed effects to rule out alternative explanations arising from potential
differences in the time-varying unobservable bank, instrument, or fund-type characteristics. Second,
we show that funds allocate more of their residual cash to the RRP if Treasury market liquidity is
low, even when controlling for fund-fixed effects and several time-varying characteristics through
fixed effects (which absorb the impact of movements in the interest rates of T-bills and the RRP

facility).

Related literature. Our paper contributes to a large literature that studies the relationship be-
tween the supply and liquidity of government debt, short-term rates, and money market conditions
(e.g. Duffee, 1996; Krishnamurthy and Vissing-Jorgensen, 2012; Greenwood, Hanson and Stein,
2015; Nagel, 2016; d’Avernas and Vandeweyer, 2021).°> The importance of liquidity conditions in the
Treasury market became particularly visible during the Covid-19 crisis (e.g. Duffie, 2020; Schrimpf,
Shin and Sushko, 2020; Vissing-Jorgensen, 2021; Barth and Kahn, 2021; Eren and Wooldridge,
2021; He, Nagel and Song, 2022). Our paper contributes to this literature by highlighting the
key role MMFs play in Treasury markets and how market frictions in repo markets and liquidity
conditions in T-bill markets can affect key interest rates and spreads in the macroeconomy through

MMFs’ portfolio allocations, with important consequences for the global economy.

Our paper also provides new insights into the role of MMFs in short-term money markets and
monetary policy transmission. Several studies have documented the key role of MMF's in the repo
and other short-term money markets, including during crisis episodes.® Other studies show that
MMFs have an important role in the transmission of monetary policy through banks and non-bank
lenders (e.g. Duffie and Krishnamurthy, 2016; Drechsler, Savov and Schnabl, 2017; Xiao, 2020).
Our contribution is to show the importance of jointly accounting for optimal price setting and

asset allocations between T-bills, RRP, and repos in studying these issues. We further provide a

®See also Amihud and Mendelson (1991); Longstaff (2004); Goldreich, Hanke and Nath (2005); Greenwood and
Vayanos (2014); Krishnamurthy and Vissing-Jorgensen (2015); Sunderam (2015); Nagel (2016); Lenel (2017); Lenel,
Piazzesi and Schneider (2019); Li, Ma and Zhao (2019); Klingler and Sundaresan (2020); Jiang, Krishnamurthy and
Lustig (2021); Engel and Wu (2021); Krishnamurthy and Li (2022); Du, Hébert and Li (2022).

5See Kacperczyk and Schnabl (2013); Chernenko and Sunderam (2014); Krishnamurthy, Nagel and Orlov (2014);
Copeland, Martin and Walker (2014); Schmidt, Timmermann and Wermers (2016); Han and Nikolaou (2016); Eren,
Schrimpf and Sushko (2020a,b); Hu, Pan and Wang (2021); Cipriani and La Spada (2021); Li (2021); Aldasoro, Ehlers
and Eren (2022); Anderson, Du and Schlusche (2022); Huber (2022); Afonso, Cipriani and La Spada (2022b).



novel channel through which frictions specific to MMF's can weaken monetary policy transmission
through funds’ price impact in the T-bill market and how the RRP facility can partially offset this

effect.

2 Facts on MMFs, T-bills, repos, and the RRP facility

This section presents a number of stylized facts. It provides institutional background on MMFs,

T-bills, repos, and the RRP facility, which form the basis for our model and empirical analysis.

Money Market Funds. US MMFs are short-term investment vehicles with a total AUM
of around $5 trillion as of end-2022, which is roughly equal to 20% of US GDP or total US
commercial bank assets. Investments in near-money assets, T-bills, RRP, and repos amount to
around $3 trillion. They issue money market shares to investors and invest proceeds into short-

term investments.

There are three major types of funds that we focus on in our study. Treasury funds are only
allowed by regulation to invest in T-bills and repos backed by Treasury securities. Government
funds are allowed to invest in a broader set of instruments, such as agency debt and repos backed
by agency collateral, in addition to what the Treasury funds can invest in. Prime funds can in
addition invest in unsecured instruments, such as commercial paper and certificates of deposits.
Since we are interested in the pricing of near-money assets, we focus on MMF investments into

T-bills and repos with banks and the Federal Reserve.

Fact 1: MMFs hold a substantial share of T-bills. T-bills are considered one of the world’s
safest and most liquid assets. MMF's have been significant players in T-bill markets throughout
our sample period (since 2011) and their share of holdings of total marketable T-bills increased
markedly from 2016 onward. During the Covid-19 crisis, the share of MMF holdings of total
marketable T-bills (excluding those held by the Federal Reserve at the SOMA portfolio) rose to
more than 45%. Their holdings in the entire Treasury market (again excluding SOMA portfolio

holdings) also rose to around 11% (see Figure 1(a)). In 2022, however, their share in the T-bill



market declined as they substituted into the RRP facility of the Federal Reserve, one of the facts
for which we set out to explain.”

Figure 1: MMFSs’ role in the T-bill and repo markets (with banks and RRP)
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Fact 2: Investments of MMFs between T-bills, RRP, and repos vary over time
Repos with banks have been roughly stable since 2012.° During the first months of the Covid-19
crisis, MMF holdings of T-bills increased to more than $1 trillion. Since the end of 2021, as T-bill
issuance has declined and liquidity conditions in the Treasury market deteriorated (see the dashed
line in Figure 1(b))), their holdings of T-bills declined, while their holdings in the RRP skyrocketed

to more than $2 trillion (see Figure 1(a).”

"The RRP facility was introduced as a supplementary policy tool to help control the federal funds rate and keep
it in the target range set by the FOMC. It provides MMFs, which are ineligible to receive interest on reserve balances
held at the Federal Reserve, with a risk-free overnight investment option.

8Before the Covid-19 crisis, at quarter-ends and regulatory reporting periods, some banks withdrew from repo
markets and the MMFs would instead invest in the RRP facility (Aldasoro, Ehlers and Eren, 2022).

9We use the Bloomberg index for Treasury market liquidity. Higher values of the index correspond to greater

Bloomberg Treasury (ll)liquidity Index



Fact 3: Most MMFs invest both in T-bills and the RRP. Moreover, the portfolio
allocation between T-bills and RRP is highly correlated with Treasury market liquidity.
Despite the high degree of complementarity between T-bills and RRP, MMFs typically hold an
interior mix between the two assets. Furthermore, we document in Figure 2(b) that the average
share of assets allocated to T-bills versus the RRP correlates negatively with the liquidity of

the Treasury market (measured by the Bloomberg liquidity index: higher values indicate lower

liquidity).
Figure 2: Correlation of market shares in repo and T-bill markets, and MMF portfolio
allocation
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Fact 4: The repo market is concentrated, and repo rates, on average, exceed T-bill
and RRP rates. Measured by the Herfindahl-Hirschmann Index (HHI), holdings of MMF's of both

T-bills and repos with banks are much more concentrated than if each fund held an equal share in

illiquidity (or lower liquidity). It measures deviations of yields from a fair-value model. It is constructed from the
entire yield curve and is a standard gauge of government bond market illiquidity.



these markets.'® Market concentration leads to imperfect competition, which is well-documented
in the literature. The concentration of funds in the repo market increased in response to the 2016
US MMF reform (see, e.g. Han and Nikolaou, 2016; Hu, Pan and Wang, 2021; Aldasoro, Ehlers and
Eren, 2022). Partly a reflection of their market power in the repo market, MMFs typically obtain
a higher interest rate by lending in the repo market compared to investing in T-bills or the RRP
facility. Indeed, on average return over the sample period for funds is the highest from repo lending
to banks, followed by the average return on T-bills and the average return on the RRP facility.
We document summary statistics about market concentration and monthly average interest rates
in Table 1.

Table 1: Summary statistics for various rates and market concentration

Variable Obs Mean Std. Dev.  Min Max P50
repo rate 110  88.94 92.15 7.16 380.3  39.73
Thill rate (1M) 110  75.24 92.4 1 387 23
RRP rate 110 711 87 0 373 25
HHI bank repo 110  281.25 69.46 160.12 384.69 300.48

HHI (pre-reform) 36 192.93 33.15 160.12 332.34 185.33
HHI (post-reform) 74  324.22 30.97 273.1  384.69 320.8

Note: The table reports the summary statistics of all variables across months. To make the summary statistics comparable, in
this table, we only report the statistics since the introduction of the RRP facility in October 2013 until November 2022 (end
of our sample period). repo rate, Tbill rate (1M) and RRP rate are in basis points. repo rate is constructed from Crane
Data. Tbill rate (1M) and RRP rate are monthly averages of daily data. We use the 1-month T-bill and overnight RRP
rates to calculate the Tbill — RRP spread. HHI bank repo measures the HHI of funds in the repo market and is between
0 and 10,000 (constructed by summing the squared market share of each fund in the repo market). HHI (pre — reform)
refers to HHI bank repo before the implementation of the US MMF reform in October 2016. HHI (post — reform) refers to
HH I bank repo after the implementation of the US MMF reform in October 2016 (October 2016 is included in the HHI (post —
reform)). Data sources: Crane Data, FRED

Fact 5: Larger funds have a higher market share both in the repo market with

banks and in the T-bill market. We document this pattern in Figure 2(a). In the presence of

10With 462 unique funds in our dataset, an equal share of each fund would lead to an HHI of 21, which is more
than ten times lower than the average HHI over the sample period.

10



frictions, being a large player in the repo market potentially increases its market power. At the
same time, being large in the T-bill market might also imply a price impact in this market. This

trade-off is a key consideration in our model.

3 A model of MMFs and near-money assets

Motivated by the facts presented in the previous section, we model how MMFs set repo rates with
banks and allocate their funds between repos with banks, T-bills, and the RRP facility. The model
accounts for strategic interactions between MMF's and banks as well as between MMFs. MMFs
strategically interact with banks in the repo market and have market power. Any residual funds
MMFs do not lend to banks in equilibrium; they split between T-bills and the RRP. As large

players, they can have a price impact on the T-bill market.

The key insight of the model is that market power in the repo market and liquidity conditions in
the T-bill market affect equilibrium outcomes in both markets. This trade-off can be summarised
by a simple example. Suppose a large fund can only invest in repos with banks or T-bills. Market
power in the repo market means it can increase the rates it charges for repos.'’ As higher rates
reduce demand, the fund has more residual cash left over from repo lending to invest in the T-bill
market. Due to its price impact, the more it invests in T-bills, the more it put downward pressure
on T-bill rates — reducing its return. If the fund is large in both markets, it will internalize this

price impact and set rates in repos accordingly.

3.1 Model setup: The repo market

There are B banks indexed by b=1,--- , B and F' funds indexed by f =1,--- , F. Each fund f is

characterized by its size, wy.

In the repo market, fund f offers a rate 7;(b) to bank b. As is standard in the literature on

"Empirically, it is the case that MMFs and banks both possess varying degrees of bargaining power. Our setup
acknowledges and proxies for bank market power. Therefore, the MMF market power can be interpreted as the
relative power of the MMF's.

11



industrial organization, we assume that bank b chooses to borrow from fund f with probability'?

7 (D)~ wy

we(re(b);b) = ,
£(rs(0); ) ST o0 ows

Here, oy is the bank-specific sensitivity of the demand for loans for the offered rate ry(b), and
¢=1,---,F is used to index the funds. We use this sensitivity as a proxy for bank market power
in negotiations with funds. The dependence on size w is a reduced form model of market power:

bigger funds have a higher chance of lending to a given bank.

We start by describing and solving the rate choice problem of a bank. We assume that bank
b has access to a decreasing-returns-to-scale technology that returns ¢'~1/¢R, for an investment

amount of £. Thus, the objective of a bank b borrowing amount ¢ at a rate r¢(b) is given by
m?x(ﬁl_l/fR* —lrs (b)),
implying the following demand curve for repos:

Ury(b) = RS (1)

downward sloping demand for repos

The demand for repos in equation (1) limits the ability of funds to extract rents from banks and

exploit arbitrage opportunities between the T-bill and the repo market.!'3

We assume that each fund f has an outside option to invest any available cash at a rate of p.
For now, we treat this rate as exogenous but endogenize it in the next section. The objective of

fund f is thus to maximize the excess returns (markups) from lending to bank b over r¢(b):

IL = wp(rp(b);b)  x Lre(b))  x (r(b) —p)
—_———
success probability banks’ demand markup (2)

wyry (b))~ RE(rp()' = = pry(b)7%).

121t is straightforward to micro-found this demand with random preference shocks.
1310 some of our empirical tests, we allow the parameter £ to be bank-specific, allowing us to study the effect of
the joint variation in market power across funds and banks.

12



Funds behave strategically because, through the success probability term m¢(r¢(b);b), they are in
direct competition with other funds. Consider first the simpler case where the funds’ market power
is negligible (that is, wy is sufficiently small). In this case, the fund ignores the competition with

other funds in the repo market, and the first-order conditions for equation (2) take the form
(1 =& —ap)rp(b) ™ + (E+a)prs(b) > =0,

implying a standard monopolist solution

§+ap

r«(b) = o r—

=p+ p—.
R ra—
N———

markup

The fund’s problem is significantly more complex in the presence of market power. Define
F*(b) = Zr¢(b)_°‘bw¢.
@

This is a key quantity in our analysis, capturing the degree of competition in the repo market. The

following result follows by direct calculation:

Lemma 3.1 (Optimal rates with imperfect competition) The optimal rate satisfies

1 apr (D)~ wys(rp(b) — p)
ap+E—1 I, (b) ' (4)

additional markup

rr(b) = ri(b) +

In general, equation (4) is a complex, non-linear equation defining the equilibrium relationship
between rates charged by different funds (to different banks). However, when the number of funds
is large and the size of each fund is small, it is possible to derive an approximate, closed-form

solution for the repo market equilibrium. The following is true.

Proposition 3.2 (Equilibrium in the repo market) Suppose that wy = w}/F, where w} are
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uniformly bounded. For simplicity, we normalize Zf w;Z = F.'* Define
HW) = F7') (w})?
f

to be the Herfindahl index of the fund size distribution. Then, for large F', the equilibrium repo rate

r7(b) depends positively on H(W).

Proposition 3.2 shows how imperfect competition in the repo market makes it optimal for funds
to charge additional markups, over and beyond the one in equation (3). The size of these additional

markups increases in the concentration in the repo market, captured by the Herfindahl Index H (W).

3.2 T-bill market

We now introduce a simple model for rate determination in the T-bill market. The supply of
treasuries is fixed by an exogenous number S. We assume that the T-bill market is populated by

two types of agents: Liquidity providers and MMFs.

We model liquidity providers through an exogenous demand curve,
D(p) = a+ Ao, (5)

where p denotes the rate on T-bills. The behavior of MMFs is more subtle. We assume that a
fund f has residual cash, Ay, that must be invested either in T-bills or in the RRP. The RRP
rate is fixed at an exogenous p,. Intuitively, we would expect that the demand DJ? of fund f for
Treasuries satisfies D? =1,>,,A. That is, the fund would invest everything into Treasuries if the
rate is above p,, and invest all residual cash into RRP when p, > p. However, this is not what we
observe in the data. As Figure 1(b) shows, MMFs buy non-trivial amounts of treasuries even when
p is significantly below p,, suggesting that some frictions prevent MMF's from selecting this corner

solution. One may then ask: Are MMFs responding elastically to changes in the T-bill rate? In the

YE g., the most competitive case corresponds to an equal distribution of size across funds, w} = 1/F, with
H(W) = 1/F, the lowest possible value.
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data, it is indeed the case: When p is above p,, funds buy more T-bills. We model this price-elastic

behavior by assuming demand curves

Di(p) = (as(f) +X(f)(p = p))As (6)

with some fund-specific coefficients a.(f), A«(f) > 0. Funds with a higher \.(f) are more elastic
concerning T-bill rate changes and are, therefore, more aggressive in absorbing supply shocks and
providing liquidity. Under the above assumptions, the T-bill rate is pinned down by the market-

clearing condition

at+Ap + ) (ax(f) FA(f)p = p))As = 5. (7)
!

Solving equation (7), we arrive at the equation

S—a-3ralf)Ay

demand—supply imbalance

p = px +

showing explicitly how the demand by MMF's affects the equilibrium T-bill rate.

A related key question is: Do MMFs internalize their price impact in the T-bills market when
they set rates in the repo market? Here, one could consider two layers of internalization: The effect
of the T-bill price impact of a given fund f on (i) the fund’s rate setting in the repo market; (ii)
the rates set by other funds. We ignore the latter channel because it has lower-order effects and

focuses on channel (i).

3.3 Strategic behavior across the two markets

We assume that each MMF starts with a deposit base d, which is split between lending to banks

and investments into T-bills and the RRP. Thus, the residual cash — i.e., the amount of deposits
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not invested into repos with banks — is given by

g e ) wy

repo lending given banks’ demand curves

Equation (9) defines the key mechanism of our model: If a fund chooses higher rates r¢(b), banks’
demand for repos falls, leaving the fund with more residual cash. The fund is then forced to invest
this cash into T-bills; if the T-bill market is illiquid, buying a lot of T-bills creates a price impact,
making this investment less attractive. When optimizing profits, funds take this price impact into

account.

Proposition 3.3 (Pass-through of repo rates into treasuries) Suppose that F is large and
df = O(wy), and that fund f takes the repo rates charged by other funds, v, ¢ # f, as given. Then,
the equilibrium T-bill rate responds to changes in funds’ repo rate, r¢(b), for any b. The sensitivity,

ar‘?fzb), is negative and its absolute value is larger for funds with bigger wy and dy.

Proposition 3.3 shows how a strategic change in the repo rate, through its impact on the residual

cash and the demand function of the fund for T-bills, affects the equilibrium T-bill rate p. Funds

rationally anticipate their price impact through 872[21;) and take it into account when setting the

repo rate 7¢(b).

Having identified this pass-through coefficient, we can now write down the first-order condition
of each fund concerning the rate 7;(b) it charges to a particular bank. Solving these first-order

conditions leads to the equilibrium link between the repo rates set by a fund and the T-bill rate, p.

Proposition 3.4 (Equilibrium Repo Markups) The optimal repo rate set by fund f for bank
b is monotone increasing in the fund market power, as captured by w}i, and is monotone decreasing

in the fund’s residual cash.

The intuition behind Proposition 3.4 is straightforward: Funds with more market power charge
higher rates. However, funds with more residual cash strategically internalize their price impact on

the T-bills. This makes it optimal for them to charge lower rates in the repo market so that they
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lend more; as a result, they have less residual cash and can place this cash at better terms in the

T-bill market.

3.4 Equilibrium T-bill rate

In this section, for simplicity, we assume that all banks have the same elasticity coefficient: o = «

is independent of b.!° In this case, absent market power, fund f charges the rate

atf

r(f) = 7@_‘_5_1%

to all banks in the repo market, where

51 = (@) + XD = p))e" =) + )

is the effective rate earned by fund f on its residual cash, and where p* is the frictionless equilibrium

rate, given by

7= o+ 0N S (e D a(NAn0)), (10)
!

supply

demand

where the frictionless level of residual cash of fund f is given by

Af(0) = \dL — B(R./r.(f)) wy,

deposits repo lending

and where we have defined

A=) A(HAL0).
f

In the presence of market power and imperfect competition in both repo and T-bill markets, the
equilibrium T-bill rate, p, deviates from its frictionless level given in equation (10). The following

is true.

15 A1l our results hold when banks are heterogeneous, but the equilibrium expressions become more complex.
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Proposition 3.5 (Equilibrium T-bill rate) The equilibrium T-bill rate depends negatively on
the residual cash and, through this channel, it also depends negatively on the repo market concen-

tration, as captured by H(W).

3.5 Equilibrium RRP choice

Our derivations in the previous sections are based on the assumption of upward-sloping demand
curves (equation (6)) for T-bills. In particular, we take the coefficients as, A(f) of these demand
functions as given, so we cannot explain funds’ demand for RRP investments. In this section, we

microfound this demand.

We assume that investing in RRP is associated with an implicit, non-monetary cost. For
example, this cost might be driven by reputational concerns, whereby the fund fears its RRP
investments might be interpreted as its inability to perform successful active investment choices.

We assume that this cost is given by

ff(@fAf) + 0.5ﬁf(0fAf)2, (11)

where 6 is the fraction of residual cash invested into RRP. In Appendix C, we use the formalism
of Malamud and Rostek (2017) to develop a model of strategic trading for funds optimizing the
tradeoff between price impact and the cost (11). First, larger residual cash implies that funds need
to purchase more T-bills, increasing their price impact and making the market more illiquid. That
is, Ay is an endogenous source of illiquidity in our model. The exogenous source of illiquidity in our
model is the (in)elasticity of the demand curve (5) of liquidity providers; a drop in A also leads to
a drop in market liquidity. When the market is less liquid, funds optimally buy fewer T-bills and
put more cash into RRP. Jointly, these observations imply that funds with larger residual cash Ay
invest more into RRP, and more so when markets are illiquid. As a result, when T-bill markets are
illiquid, funds’ demand becomes less elastic with respect to changes in the T-bill rate.The following

result formalizes this intuition.
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Corollary 3.6 The following is true.

o T-bill liquidity is negatively related to the residual cash Ay.

A drop in X leads to a drop in T-bill liquidity.

A drop in T-bill liquidity leads to an increase in the share of residual cash invested in the

RRP.

Funds with larger residual cash Ay invest more into RRP, and more so when markets are

illiquid.

The elasticity of funds’ T-bill investments with respect to the T-bill rate is negatively related

to T-bill lliquidity.

4 The aggregate impact of MMF's in the T-bill market

The model predicts that when MMFs have more residual cash left over from repo lending, the
interest spread of T-bills over the RRP declines as they demand more T-bills. A natural implication
of this is that a higher residual cash share also drives up the liquidity premium on T-bills. In this
section we provide evidence consistent with these implications. We study the impact of a higher
residual cash share on two interest rate spreads — the 1-month T-bill minus RRP spread and the 1-
month GC repo minus 1-month T-bill spread. We establish causality through instrumental variables

guided by our theory.

4.1 Data description and summary statistics

We collect data on monthly averages of the 1-month T-bill rate, the effective federal funds rate,
the rate on the RRP facility, the 1-month GC repo rate, and the VIX. We also collect data on
publicly held T-bills outstanding and GDP (we interpolate monthly data from available quarterly
data) to construct monthly data for bills to GDP and subtract the holdings of the Federal Reserve

through its SOMA portfolio. We obtain the monthly average of the Bloomberg Liquidity Index
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from Bloomberg. It is constructed from Treasuries with maturity longer than 1 year, therefore
since MMFs can only hold instruments with shorter maturities, they do not have a direct impact

on this index. Higher values correspond to lower liquidity.

Our key independent variable of interest, residual cash sharei, is defined as the share of
aggregate MMF investments in T-bills and the RRP divided by the aggregate investments in bank
repos, T-bills, and the RRP:

>y Tepoyy

100,
> reposs + Thilly, + RRPr; |

residual cash share; = | 1 —

The choice of using the share, rather then the amount of residual cash, follows from our model.'®

Guided by our theory, we construct two instrumental variables for the residual cash share.
First, HHI bank repo measures the HHI of funds in the repo market, constructed by summing the
squared market share of each fund in the repo market.'” It lies between 0 and 10,000. Second,
HHI ex B*T FE is constructed by first regressing contract values on bank-time fixed effects (i.e.
changes in unobservable time-varying bank characteristics, including their demand for repos in a
given month) and then constructing the HHI from the residual values. It also lies between 0 and

10,000. We discuss our instrumental variable strategy in more detail below.

Table 2 presents the summary statistics of our main variables over the 140 months in our sample

period (2011m2 to 2022m12).

161n equilibrium, the MMFs face the problem of optimally splitting the residual cash between the T-bills
and the RRP, given the implicit costs of using the facility. The actual cash amount invested into T-bills is a
complex, endogenous quantity depending on the elasticity of MMF’s demand, market liquidity, and other strategic
considerations. As a result, our model predicts no directly testable link between the share of total funds invested into
T-bills and the outcome variables (see, Proposition B.4). Instead, there is a direct link between the residual cash left
over from repo lending and outcome variables.

"We define the Herfindahl-Hirschman index (‘HHI’) across fund market shares in the overall repo market as

2
HHT bank repo, = ¥5_, (w x 100) .

bank repo¢
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Table 2: Summary statistics

Variable Obs Mean Std. Dev.  Min Max P50
Thill (1M)-RRP 143  4.16 8.25 -16 33 2
GC-Thill (1M) 143 12.84 9.66 -4.74 43.5 10.93
residual cash share 143  39.26 21.63 7.31 86.23 35
HHI bank repo 143 260.37 72.9 160.12 384.69 278.59
HHI ex B*T FE 143 265.07 82.02 140.82 407.95 292.08
FFR 143 .68 .88 .05 4.1 14
log(bills to GDP) 143 -2.23 .28 -2.67  -1.42  -2.31
VIX 143 18.38 6.81 10.13  57.74 16.7
BBG Ligq. 143 1.27 48 .6 2.76 1.19

Note: This table reports the summary statistics for the main variables used in regressions in this section. Tbill (1M) — RRP
and GC — Tbill (1M) are the dependent variables in basis points constructed as monthly averages of daily data. We use the
1-month T-bill and overnight RRP rates to calculate the Tbill — RRP spread. Prior to the introduction of the RRP facility,
we used the 1-month T-bill rate. GC — Tbill spread is calculated using the 1-month GC repo rate minus the 1-month T-bill
rate. residual cash share and ffr are measured in percentage points. HHI bank repo measures the HHI of funds in the repo
market and is between 0 and 10,000 (constructed by summing the squared market share of each fund in the repo market).
HHI ex B*T FE is constructed by taking out the bank-time fixed effects (mean bank demand in a given month) from each
original contract value and then constructing the HHI from the values stripped out of average bank demand on a given month.
It is also between 0 and 10,000. log(bills to GDP) is the log of total marketable bills held by the public minus bills held in the
SOMA portfolio of the Federal Reserve. To construct monthly GDP data, we interpolate quarterly data into monthly data.
VIX is the monthly average level of the index. P50 refers to the median. The sample is monthly time series between February
2011 and September 2022. Data sources: Crane Data, FRED, Bloomberg, US Treasury.

4.2 Residual cash from repo lending, market concentration, and the T-bill-RRP

spread

To analyze the price impact of MMFs in the T-bill market, we estimate the following regression at

the monthly level:

Tbill (1M) — RRP, = 8 residual cash share; + controls; + €;. (12)
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The dependent variable is the spread between the 1-month T-bill rate and the rate on the RRP
facility in month ¢.'® The variable residual cash share; captures the share of funds’ AUM allocated
to T-bills and the RRP facility. As controls, we include the Fed funds rate, the log of T-bill supply
to GDP minus the holdings of the Federal Reserve in its SOMA portfolio, as well as the VIX,
similar to Nagel (2016) and d’Avernas and Vandeweyer (2021). In addition, we account for the
impact of Covid through a dummy for that takes on a value of one in the first four months of the
pandemic. In all of our time series regressions, we report standard errors that are robust to arbitrary
heteroskedasticity and autocorrelation with bandwidths selected according to the automatic lag

selection procedure in Newey and West (1994).

The model predicts that a higher share of residual cash from repo lending has a negative effect
on the spread, as funds’ price impact exerts negative pressure on the T-bill rate, so § < 0. This

follows directly from equation (10).

A concern for our analysis is that residual cash share; could be determined by forces other
than MMFs’ market power in the repo market. To establish a causal effect of the residual cash

share on the Tbill-RRP spread, we leverage our model to devise an instrumental variable.

We instrument residual cash share; with the market concentration of MMF's in the repo market,
i.e., HHI bank repo;. According to our model, greater concentration in the repo market means
that funds charge on average higher rates, thereby reducing banks’ demand for repos. In turn,
funds have more residual cash to invest in T-bills — driving down the T-bill rate. As we will show
below, there is a strong and statistically significant correlation (at 1%) between the HHI and the

cash share.

The exclusion restriction is that market concentration in the repo market is not determined
by other (unobservable) factors also affecting the T-bill rate. One potential concern is that the
HHI is determined by factors that change banks’ demand for repos from specific funds, and also

affect the T-bill rate.!” Addressing this concern requires us to construct an HHI index that is

'8The RRP rate was only operationalized towards the end of 2013 and paid close to zero when the economy was
at the zero lower bound. We use the T-bill rate prior to the introduction of the RRP.

19Note that the exclusion restriction would only be violated if the unobservable factors systematically affect banks’
demand for repos with large funds differently from smaller funds.
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not driven by changes in banks’ demand for repos. We therefore purge the the HHI purged from
unobservable time-varying bank characteristics, including their demand for repos in each month,
through bank*time fixed effects. We then estimate regressions with HH I ex B*T FE, constructed

from the residuals, as instrument.

A second concern is that the HHI mostly reflects the variation induced by the MMF reform in
2016 (see Figure 3, panel a). The 2016 MMF reform was implemented in response to the repeated
episodes of stress in this market during the GFC and the Eurozone crisis and required prime
institutional funds and municipal funds to switch to a floating net asset value (NAV) calculation.
It also introduced the possibility of imposing redemption gates and fees at the discretion of the
fund. Government and treasury funds, on the other hand, were allowed to operate with stable
NAVs and without any redemption gates or fees. An unintended consequence of the reform was

drastically increased concentration in the repo market (Aldasoro, Ehlers and Eren (2022)).

A threat to identification is that as resources moved from prime to government funds after the
reform, not only the HHI but also the aggregate demand for repos increased, as government funds
cannot invest in unsecured instruments. An increase in demand for repos not matched by greater
supply would be associated with higher repo rates, but also more residual money that MMF's have
to put somewhere. Should government funds invest this residual money into T-bills or the RRP,
the exclusion restrictions would be violated. To address this concern, we also estimate OLS and

IV regressions only for the months after the reform.2.

Table 3 reports results. Our first result is that adding residual cash share to the variables
that are commonly used in the literature, such as the federal funds rate, log(bills to GDP), and
VIX, substantially increases the R?. Specifically, it increases from 25% in column (1), which uses
standard variables, to 41% in column (2), where we add the residual cash share. Interestingly,
adding the residual cash share does not affect the sign or size of the coefficients on the federal funds

rate, log(bills to GDP), or the VIX, but it does increase the estimated coefficient on the impact

2ONote that there is also a stronger positive correlation between the HHI and the residual cash share also in the
sample restricted to the months after the reform as illustrated with a much higher first stage F-statistic
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HHI

Figure 3: HHI for funds in the repo market and residual cash share
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Notes: HHI bank repo measures the HHI of funds in the repo market and is between 0 and 10,000 (constructed by summing
the squared market share of each fund in the repo market). HHI ex B*T F'E is constructed by taking out the bank-time fixed
effects (mean bank demand in a given month) from each original contract value and then constructing the HHI from the values
stripped out of average bank demand on a given month. it is also between 0 and 10,000. residual cash share; is constructed
using the monthly MMF holdings data. For each fund on a given date, we subtract from one the share of repo lending to banks,
which is one minus the total amount invested in repos with banks divided by the total amount invested in repos with banks,
T-bills, and the RRP facility. We then average this across MMFs each month. Source: Crane Data.

of T-bill supply. Second, and as predicted by our theory, the residual cash share has a significant

negative effect on the Thill-RRP spread.

To estimate the causal effect of the residual cash share on the Tbill-RRP spread, we use
HHTI bank repo as IV. Column (3) present the first stage regression and shows a highly statistically
significant correlation with residual cash share, so the instrument is relevant. Column (4) presents
the 2SLS result and shows a highly significant negative effect of the instrumented residual cash
share on the spread. Quantitatively, the partial impact of a one standard deviation increase in
residual cash share on Tbill (1M) — RRP, is slightly more than five basis points (more than half
a standard deviation). This effect is equivalent to the partial impact of a one percentage point
increase in the federal funds rate, or a one-third of a percent increase in the partial impact of

bills-to-GDP.
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Table 3: MMPFSs’ residual cash share and the T-bill-RRP spread

(5] () ®3) ) ©) (6) )

1st St. 2nd St. 2nd St.

OLS OLS OLS 2SLS 2SLS 2SLS 2SLS
VARIABLES Thill (IM)-RRP  Thill (IM)-RRP  residual cash share Tbill (IM)-RRP  Thill (IM)-RRP  Thill (IM)-RRP  Thill (IM)-RRP
residual cash share -0.18%** -0.25%** -0.29%** -0.30%** -0.41%F*

(0.03) (0.05) (0.07) (0.11) (0.13)
HHI bank repo 0.16%**
(0.05)

FFR 3.65%* 4.34%%* -1.02 4.58%** 4.72%¥* 4.21%%* 3.93%**

(1.74) (1.11) (4.75) (1.03) (1.00) (1.11) (0.91)
log(bills to GDP) 9.35%** 16.13%** 11.31 18.48%*** 19.91%** 18.84%** 20.94%**

(3.26) (2.13) (9.60) (2.62) (3.30) (3.53) (4.66)
VIX -0.15 -0.09 0.53 -0.07 -0.06 0.08 0.24

(0.15) (0.09) (0.70) (0.12) (0.13) (0.35) (0.42)
Covid 1.54 -0.02 -12.75 -0.56 -0.89 -4.46 -8.44

(3.99) (2.44) (17.17) (2.80) (3.19) (8.11) (10.17)
Observations 143 143 143 143 143 75 5
R-squared 0.25 0.41 0.45
Exc. Instrument HHI HHI ex B*T FE HHI HHI ex B*T FE
Underidentification test (p-val) 0.05 0.12 0.06 0.13
Anderson-Rubin test (p-val) 0.00 0.01 0.02 0.01
Kleibergen-Paap rk Wald F stat 10.56 5.23 69.59 8.73

Note: This table reports results of various regressions with alternative specifications of the equation (12). Variable descriptions
and summary statistics can be found in Table 2. Data are at a monthly frequency between February 2011 and September
2022. Columns (1) and (2) report the results of OLS regressions. Columns (3) and (4) report the first and second stages of
a 2SLS regression, in which HHI bank repo instruments residual cash share. In column (5), we report the second stage
in which we instrument residual cash share by HHI ex B*T FE. Columns (6) and (7) replicate columns (4) and (5), but
restrict the sample to the months after the MMF reform in October 2016. Wherever applicable, we report the p-values of the
underidentification test, the Anderson-Rubin test, and the Kleibergen-Paap rk Wald F statistic of the first stage. Standard
errors are robust to arbitrary heteroskedasticity and autocorrelation with the lag structure automatically selected using the
Newey and West (1994) procedure. *** p<0.01, ** p<0.05, ¥ p<0.1. Source: Crane Data, FRED, US Treasury.

Column (5) addresses the concern that the HHI could be determined by unobservable fac-
tors correlated with bank demand and the Thill rate. It re-estimates column (4), but with the
HHI ex B*T' FFE instead of the HHI bank repo as an instrument. The estimated coeflicient is

similar and remains statistically significant at the 1% level.

Finally, column (6) focuses on the months after October 2016, ie after the implementation of
the MMF reform. Using HH I bank repo as an instrument, we again find a highly significant and
negative effect of the residual cash share on the spread. The F-statistic for the restricted sample
is 69.6. Column (7) confirms these results with the HHI ex B*T' F'E as an instrument. These

results mitigate the concern that the reform, which raised the HHI, could have led to an increase in
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the aggregate demand for repos by government funds and thereby affected the T-bill rate through

channels other than the residual cash share.

4.3 MMFs’ aggregate impact on the liquidity premium

We now turn to the liquidity premium, which is the premium paid by investors for the liquidity
services provided by US Treasuries, and in particular, T-bills. Because of the importance US Trea-
suries in global finance, changes in their liquidity have consequences for the US and global markets.
The liquidity premium has hence fostered an important body of research both in macroeconomics
(e.g. Krishnamurthy and Vissing-Jorgensen, 2012; Nagel, 2016) and in international finance (e.g.

Jiang, Krishnamurthy and Lustig, 2021; Engel and Wu, 2021).

An implication of the model predictions is that the more assets funds allocate to T-bills, the
more the liquidity premium, measured by the GC repo-T-bill spread, will increase. The reason
is that funds’ price impact reduces the the T-bill rate (see also results in Table 3). We test this

implication in Table 4.

As a baseline, in column (1) of Table 4, we run a similar regression to those in Nagel (2016) and
d’Avernas and Vandeweyer (2021) for our monthly sample. In column (2), we add residual cash share
to the baseline OLS regression. According to the estimates, the marginal effect of the cash share
is economically sizable and statistically significant at the 5% level. Moreover, it improves the fit

considerably, as the R? increases from 37% to 45%.

In column (3), we report the two-stage least squares results with HHI bank repo.>! While the
point estimates are larger in the IV regression, statistical significance declines to the 10% level. The
estimates suggest that the partial effect of a one standard deviation change in residual cash share
is equivalent to a 125 basis point increase in the federal funds rate or a one-fifth of a percent increase

in bills-to-GDP.

2L A word of caution is for the use of instrumental variables with the GC-T-bill spread on the left-hand side. MMFs
account for a relatively small share of aggregate dollar repo markets, and GC repo is predominantly between securities
dealers. Therefore, we do not expect a direct effect of MMF market concentration on GC repo. However, it is hard to
observe or rule out whether there might be indirect effects that might violate the exclusion restriction for the HHI in
the MMF-bank repo lending market due to the very opaque nature of repo markets other than those between MMFs
and banks.
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Table 4: MMFSs’ residual cash share and Treasury market liquidity

(1) (2) (3)

OLS OLS 2SLS
VARIABLES GC-Thill (IM) GC-Thill (IM) GC-Thill (1M)
residual cash share 0.13%* 0.25%
(0.06) (0.15)
FFR 4,17k 4.04%** 3.91°%%*
(1.21) (1.22) (1.44)
log(bills to GDP) _18.71 %% 193.42%%% 27,92
(3.89) (4.78) (6.17)
VIX 0.27 0.25* 0.24*
(0.20) (0.14) (0.13)
Observations 140 140 140
R-squared 0.36 0.42
Exc. Instrument HHI
Underidentification test (p-val) 0.01
Anderson-Rubin test (p-val) 0.02
Kleibergen-Paap rk Wald F stat 15.18

Note: This table reports results of various regressions with alternative specifications of the equation (12) with the liquidity
premium as the dependent variable. Variable descriptions and summary statistics can be found in Table 2. Data are at a
monthly frequency between February 2011 and September 2022. Columns (1) and (2) report the results of OLS regressions.
Column (3) reports the second stage estimates of a 2SLS regression, in which HH I bank repo instrument residual cash share,.
Wherever applicable, we report the p-values of the under-identification test and the Anderson-Rubin test and the Kleibergen-
Paap rk Wald F statistic of the first stage. Standard errors are robust to arbitrary heteroskedasticity and autocorrelation with
the lag structure automatically selected using the Newey and West (1994) procedure. *** p<0.01, ** p<0.05, * p<0.1. Source:
Crane Data, FRED, US Treasury.

In sum, results in Table 3 and 4 provide strong support for the predictions of our model. Higher
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concentration in the repo market implies a negative effect on the T-bill rate, thereby increasing the

liquidity premium.

5 MMFs’ portfolio allocation and the trade-off between market

power and price impact

In this section, we test the two key implications of the model using the contract-level data. The first
prediction (Proposition B.3) is that, on the one hand, higher market power allows MMFs to charge
higher repo rates to banks. On the other hand, if funds have a large share in the T-bill market,
they internalize their price impact in the T-bill market by charging lower repo rates. Our second
key prediction (see Corollary 3.6) is that the allocation between T-bills and RRP favors RRP when

the T-bill market is illiquid and therefore, the price impact in the T-bill market is greater.

5.1 Data description

We use a granular and rich dataset of US MMFs’ portfolio holdings at month-ends obtained from
Crane Data, which is based on the regulatory filings of US MMFSs to the Securities and Exchange
Commission (SEC N-MFP forms). The sample covers the universe of US MMF funds between
February 2011 and November 2022. Holdings data are reported at each month’s end.?? For each
holding, the dataset provides information on the face value in dollar amounts, the instrument, the
remaining maturity, and the (annualized) yield, among other contract characteristics. In addition,
for repos, we observe whether the borrowing is backed by either Treasury, Government Agency, or
Other collateral. By law, US MMFs are only allowed to invest in dollar-denominated instruments.

Therefore, all transactions are denominated in dollars.

To measure funds’ market share (‘FMS’) in repos with banks and the T-bill market, we define

22We use the same data cleaning procedure as in Aldasoro, Ehlers and Eren (2022). We refer the interested reader
to that paper.

28



the following two metrics:

>y bank repogy
Zf > pbank repogy s

FMS bank repos; = x 100, (13)

amount treasuryy;

FMS treasuryy, = x 100, (14)

>y amount treasuryyy

where f denotes fund, b bank, and ¢ the month. Higher values of F'M S bank repo (FMS treasury)

proxy greater market power of a fund in the bank lending (T-bill) market.

Table 5: Summary statistics

Panel (a): Summary statistics for variables in Table 6 (contract level data)

Variable Obs  Mean Std. Dev. Min Max P50
rate 266382 87.75 92.88 0 550 38
FMS bank repo 266382 1.84 2.12 0 11.89 .82
FMS treasury 266382 .81 1.15 0 15.72 .29

Panel (b): Summary statistics for variables in Table 7 (fund-time level data)

Variable Obs Mean Std. Dev. Min Max P50
RRP share 12997 16.94 30.75 0 9987 0
FMS treasury 12997 .44 .87 0 10.53 .09
liqu tight (BBG index) 12997 1.3 A48 67 2776 1.25

Note: This table reports summary statistics for the key variables used in the empirical analysis. Using contract-level data,
the upper panel reports the summary statistics of the variables used in Table 6. The sample period for the upper panel runs
between February 2011 and November 2022, with holdings data reported at each month’s end. rate refers to the repo rate and
is in basis points. FM S bank repo is the market share of the fund in the repo market (see Eq. 13) FMS treasury is the market
share of the fund in the T-bill market (see Eq. 14). Both of these variables are in percentage points. In the lower panel, we
report the summary statistics of the variables used in Table 7 at the fund-time level. The sample period for the lower panel
runs between October 2013 and November 2022 (i.e., after the introduction of the RRP facility). RRP share is the share a
fund allocates between T-bills and the RRP facility. FMS treasury is the market share of the fund in the T-bill market (see
Eq. 14). Both of these variables are in percentage points. liqu tight (BBG index) is the Bloomberg liquidity index which
measures the average deviation of yields from a fair-value model. A higher number indicates lower liquidity. Source: Crane
Data, Bloomberg.
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5.2 Tests

We first analyze the effects of funds’ market shares (‘FMS’) in the repo market with banks and
the T-bill market on repo rates charged to banks (Proposition B.3). We estimate variants of the

following regression:

rate; s = B FMS bank repog, + Bo FMS treasuryys, + controls; + 0y + ;4. (15)

The dependent variable rate; ), is the annualized interest rate in basis points on a contract
i between fund f and bank b at time ¢. The explanatory variables F'MS bank repos; and
FMS treasuryys; denote fund f’s market share in the bank repo and the T-bill markets in ¢
(as defined in Equations (13) and (14)). To account for time-varying factors that affect different
collateral types (US Treasury, government agency, or other collateral), the baseline regression
includes time-varying fixed effects at the collateral type level (6;). Control variables are the size and

the maturity of the contract. Standard errors are double clustered at both fund and time levels.

Proposition B.3 states that both market power and funds’ internalization of their price impact
in the T-bill market should enter into their consideration when setting repo rates. In particular,
funds with greater market power (proxied by fund market share or FMS bank repo) in the repo
market charge higher rates, while a greater market share in the T-bill market lower the repo rates
charged by the same fund due to the internalization of the price impact. We hence expect that

81> 0and By < 0.

Regression equation (15) faces the identification challenge that the observed rate could be
determined by observable or unobservable time-varying factors that vary at the fund type (prime,
government, or Treasury fund) or bank level. For example, if funds with a greater market share
in the bank lending market lend to riskier banks, then any observed positive correlation between
FMS bank repo and the rate reflects borrower characteristics, rather than market power. Moreover,
prime funds might be subject to different shocks than government or treasury funds, which could
influence the repo rate. As we will discuss in what follows, we address these identification challenges

through the inclusion of granular time-varying fixed effects.
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Table 6 shows that funds with a higher market share in the repo market charge higher repo
rates, while, all else constant, funds with a higher market share in the T-bill market charge lower
rates.?> Column (1) reports a positive coefficient on FM S bank repo (81 > 0) significant at the
5% level, and a negative coefficient on FM S treasury (B2 < 0) significant at the 1% level. Column
(2) shows that this pattern is robust to the inclusion of fund type*time fixed effects that account
for any unobservable shocks that affect different fund types. Both coefficients are now significant

at the 1% level.

To account for unobservable time-varying differences in bank characteristics, including changes
in risk, size, or credit demand, column (3) includes bank*time fixed effects. Note that these fixed
effects absorbs any market power banks might have in this market (see, e.g. Aldasoro, Ehlers
and Eren, 2022; Huber, 2022) and show the market power of MMFs when bank market power is
held constant. Both coefficients keep their sign and significance and change only marginally in
size. The stability of the coefficients suggests that unobservable borrower characteristics do not
explain the correlation between fund market power and rates. In column (4) we include the log
amount of a contract and finely-grained fixed effects for different maturities to control for the fact
that rates could be correlated with the amount and maturity. Results show that even when we
compare contracts of similar amounts and with comparable maturity, funds with a higher market
share in the repo market still charge higher repo rates and a higher market share in the T-bill
markets corresponds to lower repo rates. Finally, column (5) further allows any unobservable time-
varying shock at the bank- or fund type-level to affect each collateral type differentially in each
month. Yet our baseline result remains robust even when we include bank*collateral*time and
fund type*collateral*time fixed effects. In column (6), we repeat column (5), but using fund family
market shares in the repo (FFMS bank repo) and T-bill market (FFMS treasury) instead of
fund market shares. This accounts for the possibility that negotiations with banks take place at

the fund family levels instead of fund level and we obtain similar results.

In terms of magnitude, in column (5) the partial impact of a 2 percentage point increase in the

23While we focus on market power and share in the T-bill market at the fund level, our results are similar if we
instead run the regressions at the fund family level
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Table 6: Funds have market power in the repo market, but also internalize their price
impact in the T-bill market

1) (2) ®3) 4) () (6)

VARIABLES rate rate rate rate rate rate
FMS bank repo 0.209%*  0.357%F%  0.296%**%  (.273F*F*  (.217*F*
(0.105) (0.109) (0.091) (0.088) (0.082)
FMS treasury -0.495%FF  _0.590%*F*  -0.596%F*  -0.557FF*  _0.476%**
(0.150) (0.152) (0.143) (0.132) (0.136)
FFMS bank repo 0.105%**
(0.035)
FFMS treasury -0.103*
(0.054)
Observations 266,382 266,382 266,195 266,178 265488 369,006
R-squared 0.957 0.958 0.963 0.967 0.970 0.966
collateral*time FE v v v v - -
fund type*time FE - v v v - -
bank*time FE - - v v - -
fund type*collateral*time FE - - - - v v
bank*collateral*time - - - - v v
controls - - - v v v

Note: This table reports the results of the regressions for alternative specifications of equation (15). Variable descriptions and
summary statistics can be found in Table 5. The unit of observation is a contract between a fund and a bank reported as part
of the disclosure of MMF's’ portfolio holdings snapshot at month ends between February 2011 and November 2022. In column
(1), we include collateral*time fixed effects. Collateral categories are US Treasury, government agency, and other collateral. In
column (2), we add fund type*time fixed effects. Fund type categories are government, Treasury, and prime funds catered to
retail or institutional investors. In column (3), we add bank*time fixed effects. In column (4), we add control variables which
are the log contract size and fixed effects of finely-grained maturity buckets interacted with time. In column (5), we include
fund type*collateral*time and bank*collateral*time fixed effects as well as control variables. In column (6), we repeat column
(5), but using market shares in the repo and T-bill market at the fund family level instead of fund level. Standard errors, double
clustered at fund and time level, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Crane Data.

fund market share in the repo market (roughly one standard deviation) corresponds to a 42 basis
points higher repo rate. This is economically important given the overall mean of repo rates is 88
basis points. Similarly, a 1 percentage point increase in the share of a fund among other MMF's
in the T-bill market (again roughly one standard deviation), leads to a 47 basis points lower repo
rate. These results suggest that MMFs substantially internalize their price impact in the T-bill

market when they are setting repo rates.

Next, we turn to Prediction 2 (Corollary 3.6), which states that the share of residual cash left
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over from repo lending allocated to overnight RRP is higher for funds with a higher share in the

T-bill market, and in particular when Treasury market liquidity is low.

To test this prediction, we estimate regressions at the fund f-month ¢ level:

RRP sharey; = 61 FMS treasuryys, + 0o liquidity tightness; (16)

+ 93 FMS treasuryy, x liquidity tightness; + controlsy; + 0y + 4.

The dependent variable RRP shares; is the share of cash left over from repo lending allocated
to RRP as opposed to T-bills for fund f at time ¢. The explanatory variable F'MS treasuryy;
denotes fund f’s market share in the T-bill market in ¢ (as defined in Equation (14)). The variable
liquidity tightness; measures liquidity conditions in the overall Treasury market, measured by the
average deviation of yields from a fair-value model for maturities longer than a year, with higher
values indicating lower liquidity (proxied by the Bloomberg Liquidity Index). Note that since
MMFs cannot hold assets with such long maturities, they do no have any direct impact on this
liquidity index. To account for time-varying factors that affect all funds, the baseline regression
includes time-fixed effects (6;) as we progressively saturate the regressions with more fixed effects
and control variables. Standard errors are double clustered at the level of both fund and time.
Prediction 2 states that funds with greater market power in the T-bill market allocate a greater
share of their assets to RRP, especially when liquidity conditions in the Treasury market are worse

((53 > 0).

Table 7 shows results consistent with Prediction 2. Column (1) includes only FMS treasury
as the dependent variable and shows a highly significant positive relationship between a fund’s
market share in the T-bill market and the share of assets allocated to RRP. This correlation
remains unaffected when we include time-fixed effects in column (2). In terms of magnitude, a 1
percentage point higher T-bill market share is associated with a 4.3 percentage point higher RRP
share of the total residual cash left over from repo lending and invested between T-bills and RRP
(corresponding to around a fourth of the mean RRP share). Column (3) introduces the interaction

term of F'M S treasury with liquidity and shows a positive coefficient on the interaction term,
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significant at the 1% level. Column (4) adds fund-fixed effects to control for any unobservable
fund-specific characteristics. Column (5) adds fund type*time fixed effects to control for any time-
varying differences across different fund types as well as control variables such as the log change in
the assets under management and interaction of F'M S treasury with the 1-month T-bill rate and
the federal funds rate separately. In column (6) we hence replicate column (5) but use the change

in the liquidity indicator as the explanatory variable. We obtain similar results.

Across specifications, the sign and significance of our coefficients of interest remain similar,
suggesting that the predicted relationship between fund market share, liquidity, and the RRP
share is not due to unobservable fund characteristics, nor time-varying shocks that affect different
fund types, nor changes in the assets under management, nor reflecting changes in the Fed funds

rate or T-bill rate that could affect funds with different market shares differentially.

6 Policy implications

Our results have policy implications for the transmission of monetary policy and benchmark rates.

First, MMFs typically receive inflows when the federal funds rate is higher (e.g. Duffie and
Krishnamurthy, 2016; Drechsler, Savov and Schnabl, 2017; Xiao, 2020). Therefore, the market
power-price impact trade-off could lead to downward pressure on T-bill rates during these episodes,
weakening the effectiveness of interest rate policy. This effect might also transmit to the long end
of the yield curve due to the high sensitivity of long-term rates to short-term rates (Hanson, Lucca
and Wright, 2021) and might lead to negative externalities if it incentivizes private money creation

(Greenwood, Hanson and Stein, 2015).

Second, a smaller central bank balance sheet would mean a smaller role for the RRP facility.
This would intensify the price impact of MMFs on T-bill rates, and arguably especially so during
flight-to-quality episodes in which MMFs receive large inflows. For example, during the Covid-19
crisis, government and Treasury MMFs received close to $1 trillion inflows within weeks (e.g. Eren,

Schrimpf and Sushko, 2020b).
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Table 7: Treasury market liquidity and the share of residual cash going to RRP

(1) (2) 3) (4) ) (6)

VARIABLES RRP share RRP share RRP share RRP share RRP share RRP share
FMS treasury 3.758%*** 4.355%+* -3.721°%* -11.582%FF  _10.665%*FF  -4.700%***
(1.189) (1.130) (1.843) (2.421) (2.090) (1.186)
FMS treasury x liqu tight 6.620%** 5.412%** 5.312%**
(2.067) (1.272) (1.397)
FMS treasury x A liqu tight 8.973***
(3.052)
Observations 12,997 12,997 12,997 12,980 11,865 11,774
R-squared 0.011 0.243 0.251 0.606 0.653 0.652
time FE - v v v - -
fund FE - - - v v v
fund type*time FE - - - - v v
controls - - - - v v

Note: This table reports the results of the regressions for alternative specifications of equation (16). Variable descriptions and
summary statistics can be found in Table 5. Observations are at the fund-time level constructed from the holding level data
reported as part of the disclosure of MMF's’ portfolio holdings snapshot at month ends between the introduction of the RRP
facility in October 2013 and November 2022. In column (1), we run a simple bivariate OLS regression. In column (2), we
include time-fixed effects. In column (3), we include the interaction between FMS treasury, which measures the share of an
individual fund among all MMF's in the T-bill market, and liqu tight, which is the Bloomberg Liquidity Index (higher values
correspond to lower liquidity in the entire Treasury market). In column (4), we further add fund fixed effects. In column (5), we
further add fund type*time fixed effects and several control variables at the fund-time level (log change in AUM, the interaction
between FMS treasury and the federal funds rate as well as the 1-month T-bill rate). In column (6), we repeat column (5)
but replace liqu tight with Aliqu tight, which measures the changes in the Bloomberg Liquidity Index. Standard errors, double
clustered at fund and time level, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Crane Data.

Third, as the transition from credit-sensitive benchmark rates to risk-free repo-based benchmark
rates is underway (Huang and Todorov, 2022), an often-mentioned reason for this transition is to
have “a more resilient rate than LIBOR because of [...] the depth and liquidity of the markets
that underlie it” (ARCC, 2021).2* We show that new benchmark rates could also be affected by
the market structure and liquidity conditions in repo and Treasury markets which could have large

spillover effects to many other markets in which these benchmark rates are used.

Finally, our results imply that market concentration in the MMF sector has broader conse-

24The Alternative Reference Rates Committee (ARRC) is a group of private-market participants convened by the
Federal Reserve Board and the New York Fed to help ensure a smooth transition from LIBOR to Secured Overnight
Financing Rate (SOFR).
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quences for the macroeconomy through its effect on short-term money market interest rates and
spreads. As a result, policy reforms that have impacted market concentration might have had
unintended consequences such as the reduction of T-bill rates and an increase in the liquidity

premium.

7 Conclusion

We show that repo markets and T-bill markets are connected through the large presence of MMF's
in both markets. MMF's have market power in the repo market, but they are also large in the T-bill
market. As a result, they also have a price impact on the T-bill market. They set repo rates with
banks and interact with other MMF's in the T-bill market. Strategic and optimal price setting,
and portfolio choice determine how key interest rates and spreads are determined in equilibrium
and how MMFs allocate their portfolio between repos with banks, the Federal Reserve, and T-bills.
The key drivers of these choices are frictions due to market concentration in the repo market and
liquidity conditions in the T-bill market. Our results suggest that monetary policy transmission can
weaken due to these frictions, central bank balance sheet size plays an important role in affecting

MMFs’ trade-offs and macroeconomic outcomes, and these market frictions can have spillovers.
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A Additional figures and tables

B Proofs

Proof of Lemma 4. In the presence of internalization, we get that MMF is maximizing

ry(b)" " wy

Tf(b)_abwf + F_f(b) (Rérf(b)lié - pRETf(b)ig)

which is equivalent to maximizing

rp(0) S — pryp(b) S
rp(b)~*wp + Fp(b)

and the first order condition is

(1= ap = rp(0) ™7 + (ap + )pry(b) "~ )(rp ()" wy + F_z(b)

g () g (g ()€ — prg(B)" 7)) = 0

which is equivalent to
(L= = &)rp(b) + (o +&)p)

apry(b) " wy(ry(b) — p)

re(b)-ws + F_p(b) 0

so that

+ L aprg(b) " wy(ry(b) — p)
ap+&—1 I, (b) ’

Q.E.D.

Proposition B.1 (Equilibrium in the repo market) Suppose that w; = w;'i/F, where w;i are

uniformly bounded. For simplicity, we normalize Zf w} = F.?5 Define

W) = FUY ()’
f

2°E.g., the most competitive case corresponds to an equal distribution of size across funds, wi = 1/F, with
H(W) = 1/F, the lowest possible value.
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to be the Herfindahl index of the fund size distribution. Then,
_ -1,.(1) -2,.(2) -3
rf(b) = ru(b) + F Ty (b) + F Ty () + O(F ™),

with

= m( «(b) = p)

and

9 w}ab 2
0 = (L5) G- an®) o) - )0 - )

own market power convexity adjustment

(r:(b) = p)*H(W)

w}agr*(b)_l
(o +&—1)2

TV
market concentration

Proof of Proposition B.1. We have
_ -1..(1) —-2.(2) -3
rr(0) = ru(b) + Frp’(b) + F 7oy (b) + O(F 7).
Our goal is to find rgcl)(b), r?)(b). Substituting, we get
(b = F_1 rf(b) “w
f
—on,
S w (m F M) + PP ) + O(F3)>
f
= Fﬁlzw <
f
+ 0.5ap(0p + 1)r*(b)—2F—2(r}”(b))2>

= 7. (0)7% — Flapr (o) Bl (b))

+ F 2y (0)7 7 (0.5( + D (0) B0 (0))2) = ERP0)]) + O(F )

= ()™ + I,O)WF ! + T,0)PF2 + OF3).
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(D)7 — apri(b)” (Fﬁlr}l)(b) + F727‘;2)(b) + O(F~

)



Substituting this gives

OF %) +ry(b) = r4(b)

o
L @) + F00) + FP0) Cw((ne) + P + FaPe) - o)
ap+&—1 re(b)= 4+ T, (b)MWF-1 + T, (b)) F-2

abr*(b)_o‘b(l _ F—lr}”(b)r*(b)—lab)w;((r*(b) + F—lr?)(b)) —p)

/N

= r.(b F1
(b)) + P

X 1, (D)2 (1 — r*(b)abF*(b)(l)F_1>

— r(b) —1%??1’_1(1 — FO 0 0) oy - T 0 OF ) ((rb) + FA0)) - )
= r.(b) —laﬁ? () = ) + P (A00) ) 0 0) e + 0TV 0) — )
= ) + (0 - )+ F (00 - 00 e 0P 00)0.0) - )
Thus,
A0 = .0 -

and

A0 = T (40) - 60 0) a4 r OO0 )
and %

LY = —apr ) BP0 = —ar ()BT (. 0) ~ p)

= = (B) S (ra(0) — ) H(W)
where
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@y _ W%

(b) = ab+§_1(r ¢
W o 1)
_ m(rf (b) — onr () (P (0) - 10 ~ D) H(W)) (r.(0) - p))
. w}iab ( w}'@ab
o+ E—1\qp+E—1

Q.E.D.

By (6), the total payoff that the fund receives from its T-bill/RRP investments is given by

D (p)p + (Ap—DF(p))pe = Df(p)(p—ps) + Ajpa

= (@D + XD =pNo=p) + p.)As an

= ﬁAfv

where we have defined

p = (@) + 2D =pDe—p) + p)

to be the effective rate that the fund f earns on its investments across T-bills and RRP.

In equilibrium, the T-bill rate p in (17) is the market clearing rate p satisfying (8). As discussed

above, we assume that the fund takes the repo rates charged by competitors as given and optimizes

+ pdy

T rp(b) 0 — prp(b)

i) Tvwp + Fop(b)

where p depends on (r¢(b))2 | directly through (8). Define

Usp = S—a=) a:(9)As(ry)
oA f

Vg = A ) M) Ay(ry)
oy
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to be the two components of the residual demand of all other MMFs, defining the level and slope

of their demand, as driven by their demand functions (6). The following is true.

Proposition B.2 (Pass-through of repo rates into treasuries) Suppose that F is large and

df = O(wy), and that fund f takes rg, ¢ # f, as given. Let also

=, - ( a(f) . Ug-alf)dy )
Vor+M(fdy  (Vop+ A(f)dy)?
Then,
arifu) = PrwF T G E + O,
where
Py = —EwiRE(E + au)ra(u) ¢!

Pr () ::_fw;@Rér*(u)—f—l<(§+au)((§+au+1)r*(u>—1r}”+r*(u>%r*(u)<1>) + auw;z> — Qj(u)

where we have defined

Qi(u) = 2(wj)’F~2 (VU;f;A“*(%Zf)S(Z(R*/r*(b))é) (R£(§+au)r*(u)51>
DN -

and where

(1)

and where (b) is to be determined later in general equilibrium.

By (6), the total payoff that the fund receives from its T-bill/RRP investments is given by

Df(p)p + (Ap = Di(p))p« = Di(p)p—ps) + Appa
= (@) + 2= p))p—pe) + o)A

= PAy,
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where we have defined

5= (@) +20Nlo=p)o—p) + p.)
to be the effective rate that the fund f earns on its investments across T-bills and RRP.

Proof of Proposition B.2. We have

re(b)” Y w
R, [ry(0)¢ D)
re(b)”“bw
R fry(0) s )
re(b)”%w
df =Yy (Ru /15 (b))* f(r)*(fS f)
Vop+A(f)dy

1 rp (D)~ wy 1 ry(b) w2 -
’ <1+V_J«+AMZ(R*/”“’”§ Lo e 20 Tf(b))gr*(b))) oy

b

- sl
(o + o i*<%)cif>2>;<R*/’"f(b))§W
L ziggdf<v PSR 2] )R ) o)
o L
N R = wyrr Carw D L D e Iy

b

where we have defined

- _ < ax(f) U,f—a*(f)df )
~f Vo +M\(f)ds (Vop+X()dy)?)
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Therefore,

- —(&+ aw)rp(u) S T D (1) + awyr g (u) "0 g (u) "5

— Qy — o )T (U —E-au—lp (g _
R Dids (S (o)) (Ri €+ aujrluy oo T >> L oY
b *

U_r—a.(f)d — Q)T (u) 61D, (4 _
2 i (2R 0) (RE B )> M

= = juwjF RS ( — (€ a)r (@ T = (€ + oy + D) 7P @) (1 = () D) VP

+ auw}F_lr* (w) =% L, (1), (u)QO‘“)

— Gy — ) (u) 81T, (4 _
+2(w}‘«)2F‘2(g:+A (%)Zf)g(Z(R*/r*(b))g) (Ri e F( ()u)g o )> + O(F7?)
— * b *

= —E_fw}F_lRﬁ(f + vy )y (w) 671

+ E,fw}F_zRﬁr*(u)_g_l ((f + o) <(§ + ay + l)r*(u)_lr?) + r*(u)o‘“I‘*(u)(l)) + auw}> - Q*}(u)F‘2

(19)
where we have defined
* _ 2o U—yp —au(f)dy 13 13 —£—1
Q) = 20wj)F s df)?,@(m/n(b)) )(R*<s+au>m<u>
Thus,
);
iy Potof T A O 20

where, using that
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with

L)V = —apr(b) B 0)], (21)
and where rgcl)(b) is to be determined later in general equilibrium. Q.E.D.

Recall that

D7 (p) = (ax(f) + X(f)(p — ps))Ag

is the demand for T-bills by the fund f, and let

_ D¥(p)
= o tx ((rs) = p.)
~~—~ f
RRP rate excess return on the T—bills

be the effective rate earned by the fund f on its residual cash Ay. Let also

Af

A% =
f wy

be the ratio of the residual cash to fund size in the repo market. Let also

a,) RS D} (p
Ap = L E-f (2 1) —a*(f)>

{—Fau—lu Af

be a measure of funds’ own price impact in the T-bill market. We will also use E[zy| to denote

cross-sectional averages, weighted with w} :
Elzg] = F7! Zw}xf .
f

Proposition B.3 (Equilibrium Repo Markups) The optimal repo rate set by fund f for bank

b satisfies

ay+&

— F—l (1) F—2 (2) F—2
ry(u) o U rr(u)™ + re(uw)'® + O(F ™)
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with

p)® = (N e ) — ) = wiAA
ay+€—1 ay +&—1 L)

——
T—bill price impact
repo market power

and
rp(w)® = (w})*Cy(u)
—_———
convexity price impact adjustment
aZwir,(u)~! B
e ) = ) (Blrs ) ) — s ))
heterogeneity
where

Cp(u) = —2((au +€ = 1)) ru(u) A} (VU—ff +;*((Jf;)if)3 (Z(R* /r*(b))f> (Ri(g + au)r*(u)51>
W -

+ (au+E&—1) T AE R

18 a convexilty adjustment for the price-impact effects.

Proof of Proposition B.3. The first order condition with respect to a particular bank w is

e —p—¢
0 - au) T r(b) pirs(0) 0
b

Ir( rp@) oy + Fg(0) 6’Tf(U)ﬁf A/

= (1= @ = ©rp(w) 4 (au+ Epyrp() ) (rpw) "y + F_y(w))

() g () =€ — g ()= () vy + Fg(w)
Oy

o)

-1
wf Af

where we have defined
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to be the effective T-bill rate. Now, by (19), we have

0

ory(u)”’

Thus,

Diving this identity by r¢(u) ==~ + & — 1) (b), we get

0 = O + ((-rstw) + Z " 57)

o ()7 (g ()6 = By ()™ (€ 1) () g () )

o
(rg (@)= € = D) ™ 5T 070714,

o1



so that, using (19) and (20), we get

ri(u) =

ay +&
T awtre_ 1
b ()1 ) )+ (- a7+ ) ) )P

+ (o + € = 1) 7 (W)@ (1 4 (o + €+ Dy (u) " (@) F )
x F7 (500, + 680, F ) (@) + 22u(0)(5(ry) = )

X (re(u)™™ + Tu(w)WF Hw;'Ay + O(F7?)
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Thus,

rp(u)®

Oéuch Ty (u)l—au — 7y (u)—auﬁf
oay+E-1 7y (u)~u
(@ €= 1) () T )" A
_ oW _
= m(r*(u) - Pf)

—&—ay—1

~ (e +€ = D) () (w2 (Ri €+ O‘;ﬁ;@iﬂ ))A;w*m 20 (G(rs) — p2)
= ) = ) - iR REA} . () + 2 ()(3(r7) 1)

Hence, by (21), we have

Furthermore, defining
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we get,

rp(w)®

= 5 (o + € = 1) () (u) = AR (0 (f) + 20 (F)(2(r5) = o))

QL (= (a1 ) By (2T ()

+
Oéu_"g_l

+ (1= @)™ + aura ()= 5 (W (w))

(e + &= 1) M@ A0 (0 + 64 D) )+ Tu(w)®)
X Aj(an(f) + 20 (H(p(rp) = p2)

= (o +§ = 1) (w4

% (E_fw;;RET*(U)_S_I ((5 + o) ((g + oy, + l)r*(u)_lr?) + r*(u)a“F*(u)(l)) + ozuw;?) - Q}(lﬂ)

X (a(f) + 20(£) (Alr) — o)
S (= () = () B () D )

+
au+§_1

(1= @)™ + aura ()= ) (. (w) )

+ (€= 1))

x (= E-pwpRSE + a)r )™ (@ + €+ Do) P @)™+ Ta() D)

X A3 (F) + 22 () () = pi)

= (@ + €= D)@ AGQF W) + (ou+ € 1) (W) TATE jwi REr ()" o]

+ Qﬂ”;l) =+ QQF*(U)(I)
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Here, we have defined

Q= (46— 1) @A

X <E_fw}R£r*(u)_5_1 <(f + o) <(f + oy + 1)T*(“)_1)>>

X (ax(f) +2M(1)(p(rf) — ps))
auo_é:z}f_ ] (((1 — )T (U) TN+ (u)_o‘“_lﬁf)r* (u)o‘u)
+ ((ag 4+ & — 1) Ly (u)2utett

x (= 2w RE(E + on)re(w) ™) ((Qu+ €+ D ()7 (@) 7 ) AR (f) + 20 () (Brp) = p.)

= E_ywiAj(as(f) + 20 () (p(rs) — pu) Rora(u) ! (((au+€— 1))_1<

(€ + o) §+au+10)>

+ au+§_1)>

( £+au)<au+£~l—l)>
) (-
(-

/\

—Qy —Qy— 1~ Qqy
+ ot E—1 + a1y (1) pr)rs(u) )
_ auwf —Quy —oy—1~ au)
= e + aura(u) " ) (u)
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and

Qy = (@ +&—1) 'ra(u)TA%

x <E-fw}R£mxuyf-1<@>+au>0u@oau)>>
x (@) + 2 (1) (Plrg) = )
e () ) )

+ (@ + = 1) r(u)oet e

_l’_

x (=2 pwiREE + on)re(w) )

X A (ax(f) + 2005 (p(ry) = p+))

= A%(a.(f) +20(F)(pry) — ps)) <((au +€ 1)) ru(w)t (

+ (g + &= 1)) My (u) e e

x(—Eﬁww£@+awmwr&0>

Summarizing, we get

ay+& -
Tf(u) ay +&—1 1
with
1 _ PN S o
and
L.(0) = —apr(b) B[ (0)]
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FE-pREAF(as(f) + 20 (f)(p(ry) = p)



and

rp(w)®

= —((ay +&— 1))_1r*(u)§+1A?Q’}(u) + (g +&— 1))_1r*(u)éHA’}E,fw;Rﬁr*(u)_g_lauwji

+ 917‘;1) + QQF*(U)(I)

Q.E.D.

In the presence of market power and imperfect competition in both repo and T-bill markets,
equilibrium T-bill rate, p, deviates from its frictionless level (10). To characterize this deviation,

we introduce an important quantity,

v =+ Or() RO+ N (o HE—a= A0+ Ny ),

inelastic elastic

capturing the total pass-through of residual cash flow shocks of fund f into the fund’s demand for

T-bills. We then define

a+£(§

£=1+ 2(ﬁ*_p*)a+£—1 a+¢§

Bls | ED(F)) + Cov(iey, A(f))

This quantity is the equilibrium elasticity of the T-bill rate to shocks originating from imperfect

competition. The following is true.

Proposition B.4 (Equilibrium T-bill rate) In equilibrium,

57



p
_ 13 o
= &t E — ()= P H(W
(Mi) vl (Green - B
average passthrough repo concentration

strategic interactions in the T—bill market

Proof of Proposition B.4. In equilibrium,

~

p=p + pVFL 4 OF2 4 oF?,

where

o, S-S al)A0)
poT TS SIS WEIN()

is the level of rates absent market power, where

= — E T grf(b)iabwf
Similarly,

ﬁf — “‘} + ﬁ(fl)F—l + ﬁgcz)F_l + O(F—S)

where

57 = (57 = po)(aalF) + AN = p) + p2)
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~—_—

price impact internalization

)



and

Pf

= ((/3* + pUF 4+ pPF T = p)(an(f) + (NPT + PP + ﬁ(Q)F’z—p*))er*)

pe + (07 + POFTT 4+ pPAF2 - pan(f)

(0" + pVF + s F = p)?a(f)

pe + (0 + pIFTT 4+ pAF2 - pa(f)

(" = p)? + 200" = p)BVF™ 4 205" = p)pP F2 4+ (52 F2)Au(f)

P+ 200" = p )P VMO 4+ 20" = p)p + ()P + O(F?)
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Therefore,

f b '

= afdf ZE

re(0) 7 — (g + Eri ()" g ()W F 0 (0) B F2) 4+ 0.5(c + &) (o + €+ 1) (ry (b)) F 2
ro(0)= + T, (0)DF-1 1+ T, (b)) D F-2

afRf

X

af]-?5

= afdf ZE

X <r*(b)_°‘b_f — (a4 E)ra (b))~ o, ()DL 4 ()P F72)

+0.5(cp + &) (ap + € + 1)1"*(b)‘“b‘5‘1(rf(b)(”)QF‘2>
X 74 () (1 — ()T, (D) D F! — 1 (b)) T, (1) P F2 + (r*(b)abF*(b)(l)F_1)2>]
= afdf ZE

<r*<b)-5 + P (=@ o0 ~ (@ + Or.0) "y (0))

afR5

+ P2 (r*(b)’g (=1 (@) Tu(0)® + (re(0)Tu(0)M)?) + (0 + ra(d) 411 p (1) D (0)* T ()

+0.5(ap + ) (0 + & + re(D)6 2, 0))? — (o + s>r*<b>-é—1rf<b><”)>]
By assumption, all banks are identical, and hence we can rewrite it as
Za*(f)Af = A+ (Al,lrfrl) + Ayt

+ (Bao(ri)? + BrartTY 4+ Boo@V)? + arr? + ol P)F? + 0(F 7Y,
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and similarly

dAHA; = C + (01,17“;1) + M) Ft

f

+ (DQ,O(T;I))Z + Dl,lr‘;‘l)rgkl) + DO,Q(FS))Q—FQN’;Z)+a2F§2))F*2 + O(F™%),
so that

—1
<)\ + Z A*(f)Af> = <>\ + A + (01717";1) + CLQFS}))F_l
f

1

-1
+ (1)2,()(7’5:))2 + D1,17“5:1)F>(k1) + Do,z(Fil))2+a1r§c2) +aTPHYF2 4 O(F_3)>

= (A +X)7! (1 ~ A+ N YO + O P

— A+ 17! ((DQ,o(Tgcl))Q + DT 4+ Doa(Ti)? 4+ ayr? + agr,ﬁz))F”)

+ A+ N0 + CLQPS))QF—2>
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To solve for ﬁ(l), ﬁ(2) we proceed to solving the market clearing equation

pA* + ﬁ(l)F_l + ﬁ(z)F_l + O<F—3)

o +s—a—zfa*(fm
N NIy,

S —a =X au(f) (dr = Sy (Re/ry ()1 )
A+ 3 A(f) (df — 2 p(Re /(D)% %)

= psx +

= <S—a—A — (Al + Ar)F
— (Boo(r)? + BT 4 Bo,g(rﬁ”)%alrj?)+a2r53))F2)

<1 A+ X))y, 1?“() + Ol F-
1((D20 2 + Dy TE‘)F() + Doa(TSV)? +ar()+a2F())F 2)
+ (A + 5\)72(01,17’;1) + 0172F§1))2F2>
= (S—a-HA+NT = A+ N ALY + AT F
— (S —a— A+ N 2O + Crar)F!
+ (/\+;\)*2(A1,17‘;1) + A1,2F£1))(C1 17’}1) + C1,2F£1))F72

— (S —a— A\ + )2 ((D2 o2 + DirMTY 4+ Doa(TV)? + arr® + GQFS?))F—?)
+ (S —a— DA+ N Crarl) + C1arV)2F?

— (A + 5\)_1(32,0(7“;1))2 + Bl,lr;l)n(kl) + BO,Q(FS}))Q + alr?) + aQI‘ff))F_Q + O(F73).
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We now summarize these equations for the first-order approximation:

PV = A+ )AL+ ALr)
— (S —a — A)()\ + 5\)_2(01 1T§c1) + CLQFS}))

O 7% S () R A (RRLUL) B PN
ri(w) et e 1 T eI\ Tanre1 (re(w) =pp) = wihsAj

pr = 07 + 200" = p)pIN(HFT + 206" = p)p® + U)DA(HF 2 + O(F?)
L) = —apr.(0) 7 Elr() (b)]

A = (a+r,  'REEay]

A1 = RS SrCElay]

Ciqp = (a+&r, S IREE[)\f]

Cl,g = RETJ%‘SEP\H

where we have used (22) and (18).

Since we assume that all banks are homogeneous, we can omit the dependence on w, b.

Let also

Vr = (@+Or S TRY(A+ M) tap + (S —a—A) A+ X))

Thus, we end up with the first point system

*
CWUf

o = _E[(w B (55 (207 = p s D) + =)~ wihsAj)

a+¢€

so that

-E (wf— arE Wf]) (a+£ aret (s —pp) — w;AfA?)

1+ B| (v - 22 Bl (3555 1(2<ﬁ*—p*>A*<f>)]

Q.E.D.
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C Equilibrium RRP choice: Proofs

By assumption, the objective of the fund is to maximize

+ p0)dy — (E5(05A5) + 0.58¢(05A)%),

T rp(0)' ¢ — p(O)ry(b) ¢

T p(b)wy + F(b)

where

O) = (pn+(L=0)(p—p.))-

Importantly, as above, funds are strategic in their trading decisions in the T-bill market and
internalize their price impact: In equilibrium, investing (1 — §)A of cash into T-bills moves the

rate p by v¢(1 — 6), so that

p(0) = (pe+ (1 =0)(p—(1—=0)yr —ps))

As a result, the part of the objective that depends on 6 can be rewritten as

(pe+ (1 =0)(p— (1= 0)vr — p))As — (E5(0;Af) + 0.587(07Af)%).

Optimizing over # implies a demand function of (see, e.g., Malamud and Rostek (2017))

A p— px+ &
L-0p(p) = LTS
! v+ BrAy
and hence (6) takes the form
p—px+ &
DT(p) = BZLTSIA
1) = v Eas

so that we recover the upward-sloping demand curves (6), but the coefficients a.(f), A.(f) are
endogenous, determined in equilibrium through the strategic interaction of funds in the T-bill
market. We will need the following characterization of this strategic interaction and equilibrium

price impacts ¢ from Malamud and Rostek (2017).
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Proposition C.1 We have

_ 2874y
BrAf(A+b) — 24 /(BrAr(A+ b))% +4

f

)

where b > 0 is the unique solution to

b

-1
Zf: (2 + B(A+b) + \/(ﬁfAf(A +b))? +4> = 05—

When F — oo and 3 = O(1), this gives b= by + b1 F + O(F 1) with
by = Z(ﬁfﬁf)fl/F
f

and

bo = — Y (BrAp) 2/ (Fby).
f

Proof of Proposition C.1. Equilibrium price impacts satisfy

1
A+b—(ys+6f)71t

V=

where

b= (yr+bp)™",
f

and the first claims follow by a direct calculation. To prove asymptotics, we note that, with

b=bo+ Fby +O(F~1), we get

2+ Br(A+ ) + 1/ (Br(A + )2 + 4

~ 24 Br(A+bo+ b1 F) + Brbi F(1+ (A +bo)/(b1F))

1 +Bf()\+b0))

= 28:b1F(1
Brb1 F(1+ b3, F
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so that

14 B¢(A+bo)

2601 F) (1
T
. bo + b1 F B 1
= 0'5)\—|—b0—}-b1F = 05(b1F) (bo—i—blF)(l

= 0.5(1— M/ (b F))

Equating the coefficients gives

and

b = B8 fuj]

bo = —> B7/(Fb)
/
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()\ + bo)
hF

)

Q.E.D.



Previous volumes in this series

1095
April 2023

1094
April 2023

1093
April 2023

1092
April 2023

1091
April 2023

1090
April 2023

1089
April 2023

1088
April 2023

1087
April 2023

1086
April 2023

1085
March 2023

1084
March 2023

Sectoral shocks, reallocation, and labor
market policies

The foreign exchange market

Sovereign risk and bank lending: evidence
from the 1999 Turkish earthquake

Mobile Payments and Interoperability:
insights from the academic literature

FinTech, investor sophistication and financial
portfolio choices

Tackling the fiscal policy-financial stability
nexus

Intraday liquidity around the world

Big techs and the credit channel of
monetary policy

Crypto carry

CBDC policies in open economies

Supervisory policy stimulus: evidence from
the Euro area dividend recommendation

BigTech credit and monetary policy
transmission: micro-level evidence
from China

Joaquin Garcia-Cabo, Anna Lipinska
and Gastén Navarro

Alain Chaboud, Dagfinn Rime and
Vladyslav Sushko

Yusuf Soner Baskaya, Bryan Hardy,
Sebnem Kalemli-Ozcan and Vivian
Yue

Milo Bianchi, Matthieu Bouvard,
Renato Gomes, Andrew Rhodes
and Vatsala Shreeti

Leonardo Gambacorta, Romina
Gambacorta and Roxana Mihet

Claudio Borio, Marc Farag and
Fabrizio Zampolli

Biliana Alexandrova Kabadjova,
Anton Badev, Saulo Benchimol
Bastos, Evangelos Benos, Freddy
Cepeda-Lopéz, James Chapman,
Martin Diehl, loana Duca-Radu,
Rodney Garratt, Ronald Heijmans,
Anneke Kosse, Antoine Martin,
Thomas Nellen, Thomas Nilsson, Jan
Paulick, Andrei Pustelnikov,
Francisco Rivadeneyra, Mario Rubem
do Coutto Bastos and Sara Testi

Fiorella De Fiore, Leonardo
Gambacorta and Cristina Manea

Maik Schmeling, Andreas
Schrimpf and Karamfil Todorov

Michael Kumhof, Marco Pinchetti,
Phurichai Rungcharoenkitkul and
Andrej Sokol

Ernest Dautovi¢, Leonardo
Gambacorta and Alessio Reghezza

Yiping Huang, Xiang Li,
Han Qiu and Changhua Yu

All volumes are available on our website www.bis.org.



	Money market funds and the pricing of near-money assets
	Abstract
	1 Introduction
	2 Facts on MMFs, T-bills, repos, and the RRP facility
	3 A model of MMFs and near-money assets
	3.1 Model setup: The repo market
	3.2 T-bill market
	3.3 Strategic behavior across the two markets
	3.4 Equilibrium T-bill rate
	3.5 Equilibrium RRP choice

	4 The aggregate impact of MMFs in the T-bill market
	4.1 Data description and summary statistics
	4.2 Residual cash from repo lending, market concentration, and the T-bill-RRP spread
	4.3 MMFs' aggregate impact on the liquidity premium

	5 MMFs' portfolio allocation and the trade-off between market power and price impact
	5.1 Data description
	5.2 Tests

	6 Policy implications
	7 Conclusion
	References
	A Additional figures and tables
	B Proofs
	C Equilibrium RRP choice: Proofs

	Previous volumes in this series


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


