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* The Fed's ability to control interest rates depends heavily on the functioning brian.leblanc@pnc.com
of the repo market, yet we often don't think about it until something breaks.
This was evident in late 2019, when stress in repo markets led to the Fed
temporarily losing control of the federal funds rate, requiring intervention.
We think this is worth considering as focus returns to shrinking the Fed's
balance sheet.

* This report attempts to lift the curtain on the repo market, explaining how it
works and why it matters for the broader financial system and monetary
policy.

o Section 1 provides a high level summary of the repo market, the
role of repo in transmitting monetary policy, and the risks
associated with shrinking the Fed's balance sheet.

o Section 2 dives much deeper into the details of the repo market
and SOFR benchmark, including the market structure, key
segments, and participant access.

o Section 3 looks more closely at the SOFR benchmark, which is
currently the most important reference rate in financial markets,
and the rich set of signals embedded in its underlying transactions.
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Part 1 - Introduction to Repo and its

role in monetary policy implementation

Headlines

* Repo markets are the plumbing by which monetary policy transmits from the Fed to broader
financial market conditions.

=  When it functions orderly, this plumbing occurs in the background, equilibrating cash supply and
demand while disseminating policy rates into the broader financial markets.

* The converse is also true — when not functioning properly, the repo market can undermine Fed
policy decisions, which occurred during the repo crisis of 2019.

Repo - A brief introduction

The repo market can be relatively obscure or little known outside financial markets — but it’s the
primary tool by which Fed policy rates flow through the broader financial market to influence
Treasuries, swaps, mortgages, and corporate debt products. It’s where the supply and demand for
near-term funding is equilibrated, which reverberates across the curve and spectrum of interest
rates.

What is repo and why is it fundamental to the plumbing of monetary policy?

A repurchase agreement is fundamentally similar to a collateralized loan — a security, such as US
Treasury, is used as collateral to borrow cash for a set term, with the bulk of transactions occurring
at an overnight horizon. The repo market is key to allowing leveraged investors, such as hedge
funds and dealers, to hold securities - this is especially true for US Treasuries, which when purchased
through leverage, is typically leveraged via repo.

The Fed conducts monetary policy primarily through its influence on short-term interest rates — the
Fed formally targets the fed funds effective rate, which is an overnight rate determined by market
transactions that occur in the fed funds market. While fed funds effective remains the official target
rate, developments in how the Fed implements monetary policy now means that the repo market
and the associated SOFR benchmark are the more significant channel by which changes in the
Fed'’s target rate are channeled into financial markets.
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Prior to 2008, when the Fed operated in a scarce reserve regime, banks relied heavily on the fed
funds market to meet daily reserve requirements (fed funds transactions are defined as overnight,
uncollateralized lending that occurs inter-bank and GSE-to-bank). In 2006, approximately $200bn
per day flowed through the market, of which roughly 60% was inter-bank lending.! This ended when
Fed balance sheet expansion during the Global Financial Crisis response pushed the Fed into an
ample reserve regime - in this regime, the Fed supplies enough reserves to the banking system that
inter-bank lending is not required for banks to meet liquidity needs. As such, the real daily volume of
transactions within the fed funds market is magnitudes smaller than it once was, currently at ~4% of
total reserves vs ~400% in 2006.

During the scarce reserve regime, the Fed changed the fed funds setting by actively changing how
many reserves it supplied to the market (the Fed would shrink the supply of reserves to raise the fed
funds rate and increase the supply to lower it). In the ample reserve regime, this is no longer the case
- by definition, when reserves are ample, funding rates should only show a modest reaction to
changes in the supply of reserves. Instead, when the Fed now set the fed funds target range, they
are adjusting three different administered rates that help keep the effective fed funds rate within
that bound. The floor of the range is set by the ON RRP rate, the ceiling is set by the Discount window
and Standing Repo Program (SRP) rate (currently they are equal to each other), and the IORB rate
that Fed pays out to banks on their reserve holdings sits in the middle of these two.

IORB is what the Fed pays eligible depository institutions on reserve balances held in their Fed
account. It is currently set as 10bps below the top of the target range, although it is not fixed and has
been adjusted within the range several times in its history. Currently, institutions qualifying for these
interest-bearing reserve accounts are mostly limited to domestic depository institutions, i.e. banks.
For these banks, this is the most risk-free investment possible and as such, it creates a floor at which
they will not lend below.

ON RRP is a fed facility that allows a broader set of non-banks to lend, or reverse-repo, to the Fed
overnight, which will pay a predetermined rate. In effect, this acts the same as having an interest-
bearing depository account at the Fed. Like IORB, it is the floor at which non-banks with access to
the facility will lend at. The ON RRP facility is critical to keeping short-term rates within the Fed’s
desired target band since there are non-banks who otherwise would lend well below where the Fed
pays IORB. The ON RRP facility is available to money market funds, GSEs, and primary dealers, thus
ensuring these entities have limited incentive to lend cash in the private market below the bottom of
the Fed’s target range.

The SRP and discount window facilities are ceilings on short-term funding rates - the Fed will lend
cash to eligible entities (banks for discount window, banks and primary dealers for SRP) at a fixed
rate, meaning that these entities have a disincentive from borrowing in private markets at a higher
rate.

' Lester, B. (2019). Implementing monetary policy in a changing federal funds market. Federal Reserve Bank of Philadelphia,
Economic Insights (Q2 2019).
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Figure 1: Fed administered rates and effective rate vs. bottom of Fed target range (bps)
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Whenever the Fed changes its policy rates, it changes all three of the above rates in concert - by
changing the ceilings and floors where actors are incentivized to lend and borrow in private
markets, the Fed exerts control over where overnight rates fix at any given time - be that a repo
rate or the fed funds rate.

Rest in peace fed funds, long live repo

A consequence of the Fed moving to an ample reserve regime is that the banks have very limited
needs to lend to each other anymore - the Fed is already providing banks adequate liquidity. Why
then does the fed funds market still exist?

We've noted that GSE lending to banks on an uncollateralized basis count as fed funds transactions
- importantly, GSE’s are eligible to use the ON RRP facility at the Fed, but they cannot earn IORB. If
the IORB rate is above the RRP rate, there’s an economic incentive for some bank to borrow cash
from a GSE somewhere between the IORB and RRP rates and earn the difference vs. the IORB rate.
Indeed, this is what happens - predominantly foreign bank branches borrow cash from GSEs (mainly
FHLBs) and arbitrage it against the IORB rate.

While activity exists, the fed funds market is a shadow of what it once was - the ~$100blin in daily
volumes is dwarfed by the ~$3tn daily volumes of repo transactions that go into the SOFR
computation, which is itself smaller than the total daily volumes in UST repo (something we explore
in detail later in this piece).
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Figure 2: Fed funds daily volumes as a share of bank cash assets (20d MA, %)
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Repo is clearly the more dominant form of overnight funding that matters for markets participants.
For financial entities whose marginal funding comes from repo, the rate at which they can borrow in
the market sets the hurdle rate for investments that they can then invest into. This has a ripple effect
through the broader financial market and ultimately will impact real economic activity, which
ultimately is what the Fed hopes to accomplish when it changes its policy rate setting. The ON RRP
and SRP rates are very clearly intended floors and ceilings on where repo in the private market
trades (they are fairly effective, but not watertight), and thus we can see the clear linkage that
exists between changes in the Fed’s administered rates and changes in repo rates that go on to
influence the rest of the interest rate complex.

Reserves determine the supply side of the repo market

Reserves sit on the liabilities side of the Fed’s balance sheet. As such, when the Fed changes its total
asset holdings, ceteris paribus reserves move 1-to-1.

When the Fed engages in balance sheet changes like QE or QT, the intended macroeconomic effect
is not meant to be channeled through a change in funding markets — QE and QT in theory impact
the market more through how the Fed can remove duration risk from the market by warehousing it
on its balance sheet, away from the private market. A side effect of QE/QT is it changes the level of
reserves, but so long as reserves remain “ample,” it should have no impact on funding markets,
which the Fed still controls through its administered rates.

When repo conditions behave normally, the Fed can adjust administered rates and have confidence
that it will appropriately impact broader financial conditions that can spur economic activity or curb
inflation.
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Disorderly repo markets can undermine policy decisions

However, repo markets do not always behave normally. When the Fed fails to calibrate the supply of
reserves vs. demand for reserves, the repo market can explode, sending interest rates well beyond
where the Fed would like to affect monetary policy. When the repo market is no longer functioning
orderly, it derails the linkage between the Fed’s policy setting and what broader financial markets
experience, undermining policymakers’ intentions.

In mid-September 2019, the repo market saw one of its most significant supply-demand mismatches
in modern memory, creating a catastrophic blowup in overnight funding rates that required
policymakers to intervene. In fact, it was bad enough that it bled into the unsecured Fed funds
market, where the effective fed funds rate printed outside the target band for just the second day in
its history.

The context of the crisis was that the Fed had just completed a balance sheet normalization
program, QT, that had drained roughly $800bn in reserves from the system between October 2017
and August 2019. The Fed ended its program after assessing that it had met the minimum level of
reserves consistent with normal money market functioning. While overnight rates had firmed from
below the IORB rate for most of 2018 to above IORB in the first half of 2019, the assessment was that
the firmness was not significant enough to suggest that the supply of reserves was below the
threshold of “ample.” While the assessment was that they were in balance, a demand shock
ultimately highlighted how fragile the relationship had become by the end of the QT program. A
large UST settlement combined with a corporate tax payment date was the catalyst for the 2019
shock, when $120bn of reserves drained from system in two business days.2 Banks and dealers
scrambled to secure funding that was insufficiently ample, pushing overnight rates to more than
300bps above the fed funds target band.

2 Anbil, Sriya, Alyssa Anderson, and Zeynep Senyuz (2020). "What Happened in Money Markets in September 2019?," FEDS
Notes. Washington: Board of Governors of the Federal Reserve System, February 27, 2020, https://doi.org/10.17016/2380-
7172.2527.
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Figure 3: Overnight rates vs. bottom of Fed target range (bps)
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In the end, the NY Fed was forced to conduct its first open market operations since the GFC-erq,
while the FOMC reduced the IORB rate to spur banks into deploying reserves. Policymakers and
implementers were successful in reestablishing normal market behavior, but it sent a clear message
that the Fed had overshot its goal of reducing reserves to a minimum ample range.

Implication for the Fed’s balance sheet today

The 2019 repo crisis taught a valuable lesson that reserve drain can have a nonlinear impact on repo
market function, particularly because repo markets have a habit of disguising liquidity pressure until
experiencing a sudden snap under demand shock.

Over the last several months, policymakers have more publicly discussed possibilities for reducing
reserve demand, mostly in the context of allowing the Fed to shrink its balance sheet without
moving to a scarce system. Fed Chair Warsh has been openly critical of the size and composition of
the Fed’s balance sheet for years. Together, there are signals that policymakers are willing to
consider balance sheet normalization sometime in the future.

Despite Warsh’s deep criticism over the Fed’s use of its balance sheet, even he suggested that any
reduction in the sheet size needs to be done “slowly and deliberately.” He is likely considerate of the
nonlinearities with respect to the repo market and only 7 years on from the 2019 crisis, doesn’t seem
to be taking the issue of market functioning lightly. In this context, we seek to explain the details of
how the repo market functions and how it behaves under stress.
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Part 2 — The gritty details of repo

markets and SOFR

Headlines

= Different needs and constraints faced by various participants in the repo market has created
significant segmentation in the Treasury repo market — while broadly similar, each segment has its
own dynamics which are important to understand to interpret repo market data.

*» SOFRis a benchmark fixing computed from the Treasury repo market but is not always reflective
of the typical overnight funding costs available to all market participants.

» Understanding how the different segments of repo that feed into the SOFR benchmark is key to
contextualizing the information conveyed by SOFR fixings.

* Regulatory and market structure changes are set to have significant impacts on repo markets and
could structurally change behavior in SOFR fixings.

How Repo works

As we noted, repo transactions closely resemble collateralized loans; instead of pledging collateral
in the event of default though, the collateral is sold for the initial cash transfer and agreed to be
repurchased at the end of the loan term, hence the name. The benefit of selling and agreeing to
future repurchase over a traditional collateralized loan is that the legal transfer of title allows the
collateral receiver to immediately resell the security in the event of default, whereas collateralized
loans can often tie the asset up during bankruptcy proceedings.

To initiate a repo transaction, a cash investor agrees to buy a security from the collateral holder for
a specified price. Generally, it is then when a “haircut” is applied, such that the market value of the
security will exceed the cash value of the loan. Upon completion of the loan term, the closing leg
involves the cash borrower re-buying the security at the cash value of the loan, plus the interest
agreed to ahead of time.
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Figure 4: Diagram of a repo transaction
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While the loan term for repo transactions can vary, the most common term is overnight lending (ON),
in which the transaction’s closing leg (the repurchase) comes the calendar day after the opening leg
(the initial sale).

While there is no exact data, it is widely understood that US Treasuries, followed by agency MBS,
serve as the dominant form of collateral in the repo market, allowing most transactions to avoid
lengthy liquidity and credit considerations in the collateral valuation process. For the purposes of
narrowing the scope, the remainder of this note will focus specifically on Treasury-collateralized
repo.

Figure 5: Primary dealer daily average Treasury repo exposure ($tn)
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Market Participants

There are several main types of investors that drive the repo ecosystem, each with their own
structural demand and/or supply of cash with which they seek to fund Treasuries/supply funding for
Treasuries.
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While the actual repo agreement is somewhat standardized across different market participants,
the wants of the cash deployers and the needs of the cash borrowers create a unique market
dynamic that often requires the use of an intermediary, or “middleman.” In almost all repo
transactions, one of the parties is a securities dealer, who may be borrowing for themselves, but
often is serving as the intermediary between other market participants.

In general, the repo market is dominated by securities dealers borrowing cash from money market
funds (MMFs) and either keeping it for themselves or re-lending to hedge funds (HFs) or other levered
entities. As we will discuss, dealers facilitate this intermediation process because of limitations that
do not allow the net providers of cash (MMFs) and the net borrowers of cash (HFs) to interface
directly, but both can face the dealers.

Figure 6: Diagram of a typical repo intermediation process
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Cash Lenders

There are two types of cash lenders within the UST repo market: those that bring cash from outside
the system and those that lend within the system.

A key source of money entering the repo market is money market funds (MMFs). These are cash-rich
entities for which a safe, short-term, investment like repo is desirable. MMFs don’t need to lend into
the market but choose to do so when repo lending returns are deemed attractive compared to
alternative safe, short-term investments like US Treasury Bills. This grants them great pricing power
in the market, given they are not structurally beholden to the repo market.

MMFs are chartered institutions that have strict internal lending and collateral requirements and
have a strong preference to select counterparties in-part on a relationship-basis. Since most smaller
end-user borrowers do not meet all the criteria or aren’t big enough to make a relationship realistic,
there’s a structural need for a high-quality intermediary to borrow large cash volumes from MMFs
and disseminate the cash across the market. Hence, the second structural lender in the market are
securities dealers, who help channel outside liquidity from cash-rich entities to cash-poor entities.

In a cash lending capacity, there are two main destinations for the cash that dealers re-lend: other
dealers and end-users, which are predominantly hedge funds and other levered investors. In this
borrowing and relending process, dealers get some pricing power that allows them to demand some
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additional interest over their initial borrowing cost, enough to make the intermediation attractive.

Cash Borrowers
There are two structural lenders in the market, just as there are two structural borrowers.

The first is securities dealers. Dealers maintain a huge inventory of securities at any given time, but
often with the goal of finding a buyer rather than holding as an investment. As such, they generally
need to purchase securities with higher market value than cash they have on hand. To do so, they

utilize repo to fund their securities warehouses.

Funding stock creates a minimum level of repo demand from dealers, but dealers also borrow cash
with the explicit aim of re-lending it to other end-users of repo leverage in the market. Because
dealers can get access cheap funding from MMFs, but most end-users do not, dealers “market
make” or intermediate repo transactions, with the goal of channeling cash to end-users for a small
markup over the cost of acquiring said funding.

These end users are the other primary borrowers in the repo market and mainly consist of hedge
funds and similar entities whose objective is to scale returns on investments using leverage. These
leveraged funds are very cash-light but rely heavily on repo to gather leverage.

Although in aggregate it represents the biggest repo end-user, the hedge fund market is full of many
small individual borrowers with much lower credit quality than securities dealers. As such, they rely
on borrowing from securities dealers, who are willing to engage in many smalller transactions and
with riskier counterparties than money market funds. This is the participant with the most reliance on
the market but with the narrowest access to lender types, ultimately garnering the least pricing
power.

The segments of the repo market

With several types of structural borrowers and lenders in the repo market, each with their own
servicing needs, the market has evolved into four segments to facilitate these different
requirements.

While the fundamental mechanics of purchase and repurchase remains the same, the path of the
cash and securities, and the types of participants, differ across the four segments of the repo
market. These segments can be broken down into two main categories - tri-party and bilateral -
and within each there is a cleared and uncleared market.
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Figure 7: Repo market segments and approximate size ($bn)
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Tri-party

Tri-party gets its name because it involves a third-party agent, which is a custodian bank, who
provides collateral management, margining, and settling of repo transactions on their own balance
sheet. As of 2026, BNY Mellon is the only domestic provider of tri-party repo services (JP Morgan had
a competing product but exited the market in 2019).

Cash borrowers will post collateral to their securities account at their custodial bank, who ensures
that it meets the eligibility requirements, and applies a haircut (discounting the collateral in case of
default). A key feature of the infrastructure is the collateral allocation system, which automatically
selects securities from a cash borrower's securities account using only very high-level specifications
from the entities engaging in a transaction — specific securities do not need to be specified at the
onset of a trade.

Once counterparties agree on a price, the agent transfers the collateral from the cash borrower’s
securities account to the cash investor’s securities account, and cash from the lender’s cash
account to the borrower’s cash account. In overnight (ON) transactions, the reverse movement is
made following next business day, with interest applied to the cash transfer, as determined by the
transaction’s repo rate.

Only certain players in the cash market are eligible to have an account at a custodian bank, which
notably excludes hedge funds. There are two types of repo that one might settle on a custodial

3 Estimated using OFR report on 25Q3 daily volumes showing $5tn of daily uncleared repo (includes all term length and
collateral). Assumptions used: 63% of all repo volumes are UST (from OFR report), 71% of uncleared repo is overnight (from
latest primary dealer statistics).
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banks’ tri-party platform, traditional uncleared tri-party and cleared tri-party, which is known as
GCF

Tri-party (uncleared)

The cash lenders in tri-party are mostly money market funds (MMFs), securities lenders, and other
institution accounts such as corporate treasuries and GSEs. MMFs and securities lenders account for
over half of tri-party repo lending.*

MMFs are chartered institutions with strict guidelines on what counterparties and collateral are
eligible for lending. Because of their structure and charter, many MMFs lack the infrastructure to
properly custody assets themselves, nor are they eligible from prime brokerage services from
dealers. As such, most ON Treasury repo lending done by MMFs occurs in tri-party.

The tri-party method allows MMFs to deploy large volumes of cash to a limited set of eligible
borrowers where collateral baskets are built around their chartered requirements.

The cash borrower in tri-party is almost exclusively securities dealers, especially primary dealers who
interface directly with the Fed.® Dealers utilize tri-party to finance their securities inventories, and
almost always choose to do so in tri-party.

The tri-party market is a heavily relationship-driven ecosystem, involving a handful of securities
dealers borrowing from a much larger breadth of MMFs. A significant portion of transactions are
rolled day-to-day, meaning that dealers generally know how much volume they’re planning to
request ahead of time. As such, volumes can be “sticky,” where MMFs expect to offload a certain
amount of volume to the dealer repo desk, and vice versa, and relationships can be strained if one
party is inconsistent. While volumes on rolled transactions tend to move slowly day-to-day, prices
are generally re-negotiated each morning.

While agreements might be made in the morning, repo transactions on BNY Mellon’s tri-party
platform only begin settling around 3:30pm, meaning that cash a dealer agrees to borrow overnight
today will only be available between 3:30pm today and 3:30pm tomorrow. This also lends itself to a
key aspect of tri-party: changes in dealer borrowing agreement volume are an expectation of cash
needs for the next day, since there is no on-demand cash. Sudden shocks in dealer demand for
intra-day cash must be absorbed by alternative repo pathways that have more immediate
transaction settlement.

Since many dealers use BNY to custody securities aside from their tri-party platform, dealers are
often tasked with estimating their borrowing needs based on how many non-repo asset purchases
they expect to settle at BNY the following day. BNY begins charging daylight overdraft fees at

4 Copeland, A., Duffie, D., Martin, A., & McLaughlin, S. (2012). Key mechanics of the U.S. tri-party repo market. Federal Reserve
Bank of New York Economic Policy Review.

5 Copeland, A., Martin, A., & Walker, M. (2014). Repo runs: Evidence from the tri-party repo market (Staff Report No. 506).
Federal Reserve Bank of New York.
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8:30am if a member isn’t properly capitalized to pay for those agreements. Since the timing of tri-
party cash borrowing isn’t flexible, dealers are incentivized to borrow more than they might need for
tomorrow, to protect themselves from being under-funded at 8:30am and needing to turn to more
expensive inventory funding sources.

Figure 8: Tri-party UST repo volume ($bn)
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GCF (cleared tri-party)

General Collateral Finance (GCF) is a blind-brokered interdealer market, arranged by interdealer
brokers who anonymize the transactions counterparties. Like traditional tri-party, the collateral is
general collateral (GC) and settles on the custodial banks’ tri-party system. Unlike traditional tri-
party, the transactions are centrally cleared by FICC, which novates and nets positions across
members before settlement. The primary benefit of using GCF is that dealers can efficiently
exchange cash and collateral that’s ready to be allocated for traditional tri-party borrowing.

Bilateral

Bilateral repo transactions are trades made directly between counterparties and where collateral
management and settlement is not handled by a third-party custodial bank.

An important distinction from tri-party, bilateral transactions requires the specification of the
security being posted as collateral, even if the cash lender is indifferent to the collateral allocated.
Because of the collateral specification requirement, not all bilateral trades are created equally.
While for much activity, lenders are indifferent to the collateral they receive, some transactions
trade “special.” Specials are transactions where the collateral is desirable enough that the lender is
willing to take a much lower rate on the cash to secure the collateral.
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Settling on a “delivery versus payment” (DVP) basis, the transaction mechanics involve a lender
returning collateral and the borrower returning cash plus interest instantaneously at settlement.
Unlike tri-party, where regardless of agreement time, transactions only settle in the afternoon, DVP
transactions can occur at any time (that being said, DVP transactions still need to settle by 3pm to
avoid a fail, so it would be rare for trades to occur given time needed for manual settlement).

One outcome of this is that one-time repo market shocks generally flow through the bilateral market
rather than tri-party. Furthermore, when dealers are overcapitalized or undercapitalized ahead of
the 8:30am daylight overdraft deadline, their pathway for immediate cash movement is through
DVP. This is because DVP settles in time to avoid overdraft fees, unlike tri-party, where cash would
only arrive after 3pm.

Cleared Bilateral

Cleared bilateral trades are ones that settle on a special DVP clearing platform offered by FICC.

In a cleared bilateral transaction, both counterparties face FICC and the transaction clears on their
DVP platform. Counterparties negotiate directly (or through a broker) over a price and handle the
initial security and cash transfer. FICC receives the details of the trade but is not directly involved in
the opening leg of the transaction (transactions settle on either one party’s balance sheet or on
Fedwire).

FICC becomes involved overnight when they use trade details to calculate each party’s net delivery
and receive obligations. During the unwinding of the trade in the reverse leg, the cash lender first
transfers the collateral it received to FICC in exchange for cash. FICC then delivers the collateral
back to the cash borrower and receives cash, considering the end-leg settlement complete.

FICC takes an initial cash margin from both parties and in return, it takes all counterparty risk in the
transaction, since the borrower and lender are no longer interacting with each other directly. A key
advantage to eligible parties using FICC’s DVP platform rather than engaging in an uncleared
transaction is that it allows for balance sheet netting, because FICC becomes the nominal
counterparty in all transactions. If a party is a cash borrower of $150bn in one transaction and
$150bn cash lender in another, their net balance sheet exposure is $0.

FICC’s DVP repo service is available to members of its Government Securities Division (GSD) and
mostly consists of securities dealers and banks. Dealers account for the majority of DVP transactions
at 53% of lending and 54% of borrowing. They are followed by banks, with 27% of lending and 36% of
borrowing®. Members can transact directly, but more commonly operate through an inter-dealer
broker (IBD). IBDs anonymously connect borrowers and lenders through their own “screens,” that
usually provide minimal information beyond repo rate, volume, and collateral specification. The

¢ Paddrik, M. E., & Ramirez, C. A. (2025, September 30). Treasury tri-party repo pricing (Working Paper 25-07). Office of
Financial Research.

Everything you didn’t want to know about the repo market | 15



PNC Economics Research 28 May 2026

interdealer market serves as a way for over-funded dealers to lend in the morning to dealers that
are under-funded ahead of the 8:30am BNY Mellon overdraft deadline.

Although access to the DVP platform is limited to GSDs, FICC allows a member to “sponsor” a non-
GSD entity onto the platform, allowing dealers and banks to transact with a much broader set of
lenders and borrowers. Sponsoring members assume a portion of clearing fund allocated to the
transaction, but crucially, they are allowed to net the borrowing from sponsored lenders against the
lending from sponsored borrowers. For example, if a large dealer wants to borrow cash from a MMF
and lend to a hedge fund, they may choose to provide DVP sponsorship of each party since FICC
becomes the nominal legal counterparty on both sides of the trade, rather than the individual
clients, allowing them to net the balance sheet exposure of that trade.

In terms of participant volume, Inter-member trades through the brokers make up 57% of daily
transactions, while sponsored borrowing and lending account for another 33%. Based on the
information provided in both MMFs do most of the sponsored lending, while hedge funds do most of
the sponsored borrowing. Unbrokered trading between clearing members is relatively uncommon,
making up the remaining 10% of volume.” The use of the sponsored channel has grown significantly
over the last several years, as illustrated in Figure 9.

Figure 9: Sponsored volumes ($bn)
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Uncleared Bilateral

Uncleared bilateral repo transactions are ones that are conducted directly between counterparties
without the involvement of a central clearing house. Unlike tri-party transactions that settle with

7Kahn, R. J., & Olson, L. M. (2021, July 8). Who participates in cleared repo? Office of Financial Research Brief Series 21-01.
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BNY Mellon or the bilateral trades that route through FICC, these transactions do not pass through
any agency that collects data, meaning that we have no central data source on market activity.

While we don’t have exact publicly available data, estimates suggest that this market is the largest
of the four repo segments, by a considerable margin. The Office of Financial Research (OFR) last
estimated in 2022 that this channel represents 60% of primary dealers’ repo lending and 37% of
dealers’ repo borrowing.®

The primary benefit for dealers to lend to end-users on an uncleared basis rather than through
sponsorship is that they can avoid the cash-intensive margining that FICC requires, along with the
time-consuming sponsorship process itself. Another reason dealers are willing to forego the benefits
of sponsorship is that many trades by relative value hedge funds are naturally netting, so the
cleared repo’s netting benefits yield no additional reward.

Term Repo

Until now, we have been focusing on the overnight repo market, where transactions open and close
a day apart. Alternatively, there is a separate market for longer-term repo, which can range from a
few days to a year between the opening and closing legs. According to recent primary dealer
statistics in Figure 10, term agreements account for roughly 15% of all primary dealer Treasury repo
lending and 32% of borrowing.

Hedge funds’ needs drive a significant portion of how much repo primary dealers allocate to term
transactions, for both borrowing and lending. Often, hedge funds prefer term borrowing to rolling
overnight repo because they may be sensitive to volatility in funding rates. Dealers may provide this
service for a premium over their expectation of their equivalent return from compounded overnight
rates over the term length.

On the dealer borrowing side, it is less common that dealers are seeking inventory funding (or
explicitly obtaining cash to relend elsewhere) when they borrow term repo. In most cases, a hedge
fund needs to borrow a specific Treasury for a trade and wants to make sure that they have access
to it for long enough to meet their trade specifications. In that case, they lend cash to the dealer in
term repo and get the Treasury they need as collateral - the transaction is driven by the hedge
fund’s desire to borrow the security for a given term as opposed to the dealer’s desire to borrow
cash for a given term.

There is also a tri-party market where MMFs lend to dealers for term, although roughly 86% is done
overnight in the primary dealer statistics in Figure 10. Dealers may seek additional term funding to
duration-match some of the additional term borrowing they provide when hedge funds want to lock
in term rates. Overall, dealers provide meaningful maturity transformation, borrowing a lot of cash
on an overnight basis and re-lending that to hedge funds in the term repo market.

8 Hempel, S. J., Kahn, R. J., Nguyen, V., & Ross, S. Y. (2022, August 24). Non-centrally cleared bilateral repo. Office of Financial
Research.
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Figure 10: Primary dealer statistics of UST repo ($bn)

Primary Dealer Lending Primary Dealer Borrowing
May 13,2026 . .
Overnight Term Total Overnight Term Total
Bilateral $1,816 $893 $2,709 $1,585 $400 $1,985
Uncleared $1,013 $581 $1,594 $960 $228 $1,187
Cleared $802 $312 $1,114 $625 $172 $797
Intermember $513 $190 $702 $546 $143 $688
Sponsored $289 $123 $412 $80 $30 $109
Tri-party $60 $10 $70 $1,140 $70 $1,211
Non-GCF $28 $0 $28 $1,130 $62 $1,192
Unsponsored $28 $0 $28 $858 $62 $919
Sponsored $0 $0 $0 $273 $0 $273
GCF $32 $10 $42 $10 $9 $19
Total UST Repo $1,875 $903 $2,778 $2,725 $470 $3,195

Sources: NY Fed, PNC

Figure 11: Primary dealer statistics of UST repo, share by category (%)

% of Primary Dealer Lending % of Primary Dealer Borrowing
May 13,2026 . .
Overnight Term Total Overnight Term Total
Bilateral 65% 32% 97% 50% 13% 62%
Uncleared 36% 21% 57% 30% 7% 37%
Cleared 29% MN% 40% 20% 5% 25%
Intermember 18% 7% 25% 17% 4% 22%
Sponsored 10% 4% 15% 2% 1% 3%
Tri-party 2% 0% 3% 36% 2% 38%
Non-GCF 1% 0% 1% 35% 2% 37%
Unsponsored 1% 0% 1% 27% 2% 29%
Sponsored 0% 0% 0% 9% 0% 9%
GCF 1% 0% 2% 0% 0% 1%
Total UST Repo 67% 33% 100% 85% 15% 100%
Sources: NY Fed, PNC
SOFR

The Secured Overnight Financing Rate (SOFR) is a broad measure of the cost of borrowing cash
overnight (ON) collateralized by Treasuries. The objective of the SOFR calculation is to summarize
the market rates for overnight cash borrowing using general collateral (GC), where the lender is
agnostic to the specific securities (CUSIPs for Treasuries) being posted as collateral.
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Although we have discussed the four types of ON Treasury repo, only three types are included in the
SOFR: cleared bilateral, tri-party, and GCF (cleared tri-party). Uncleared bilateral transactions
involve no centralized clearing house, custodial bank, or facilitator. As a result, there is no central
data collection and it is not reported to NY Fed for contribution SOFR calculations, despite
representing a large share of the overall repo market.

Each business day, NY Fed receives transaction-level data from BNY Mellon and FICC. The data for
each transaction includes the rate, principal amount, collateral type, trade/settlement dates,
clearing segment identification, clearing/settlement status, and transaction validity flags.
Counterparty identities or classification (dealer, hedge fund, etc.) are not included. Similarly, FICC
doesn’t specify whether the DVP trade was intermember or sponsored.

Transactions are then filtered to exclude term trades, non-UST collateral, and any
cancelled/corrected trades. The transactions from all three segments (tri-party, cleared bilateral,
GCF) are pooled and paired with its trade size. After weighting each rate by the transaction size and
removing the bottom 20" percentile, NY Fed computes the summary statistics that it reports on a
business-daily basis. This includes total transaction volumes and 5 volume weighted percentiles: 1%,
25t 75% 99 The same data is published at the segment level for tri-party transactions, and the
combined tri-party and GCF transactions. Data is published on the NY Fed website at 8am.

Figure 12: SOFR within the repo universe
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Figure 13: SOFR and contributing repo volumes ($bn)
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What it doesn’t measure

While SOFR is meant to be a representation of broad GC funding rates, it can often be a misleading
representation of a given day’s prevailing funding rates.

Firstly, it is important to consider that beyond forms of ON repo discussed above, there are other
types of funding that are not included in the calculation of SOFR. Namely, the bilateral repo that
doesn’t clear through FICC’s DVP platform, uncleared bilateral, is estimated to account for 38% of
daily repo volume®.

Specials

As we earlier stated, the goal of SOFR is to summarize ON borrowing rates on GC repo. While all tri-
party rates are GC by design, and much of the cleared bilateral rates behave like GC (when the
cash lender is indifferent to the specified collateral), a portion of cleared bilateral trades are special.
These specials generally occur well below GC rates, with the lender settling for a smaller return to
secure the specified collateral, sometimes so much so that they will pay negative interest.

To get a representation of the prevalence of specials, we can look at recent primary dealer statistics
in Figure 12, specifically the aggregate dealer borrowing in the uncleared bilateral and sponsored
bilateral markets, since these markets mostly represent hedge funds lending to dealers.

For dealers, it is rare to seek cash from hedge funds for inventory funding (or explicitly obtaining
cash to relend elsewhere). We've discussed that dealers almost always choose to fund stock or

° Hempel, Kahn, and Shephard, 2025. “The $12 Trillion US Repo Market: Evidence from a Novel Panel of Intermediaries”
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intermediate with cash borrowed in tri-party. However, Figure 11 shows dealers borrowing over $1tn
in uncleared and sponsored bilateral. The source of such a large volume is that often a hedge fund
needs a specific Treasury for a trade, in which case they need to borrow it from a dealer. They do so
by having the dealer borrow in repo from them, where the collateral is specified as the desired
CUSIP.

Sometimes these CUSIPs can be in high demand, allowing dealers to negotiate the rate on these
transactions to be well below other repo market rates. Even if the collateral isn’t highly desirable to
other end-users, dealers are still able to apply larger haircuts to make the agreement more
attractive.

CUSIP-seeking repo can have a large impact on the distribution of rates within the bilateral markets.
While SOFR doesn’t include any uncleared bilateral rates, it does include the cleared bilateral data
reported by FICC - where there is no distinction made between a repo done CUSIP agnostic
(effectively GC) and one done special.

To give an accurate representation of the GC-equivalent cleared bilateral trades, NY Fed filters out
the bottom 0-20'™ percentile of volume-weighted rates that they receive from FICC.™ Failing to filter
out specials should result in the SOFR median biased lower, while excluding non-special trades
below the 20 percentile could be biasing SOFR higher.

While this is a “best effort” approach from NY Fed, we have no way of accurately determining if
there are some specials remaining in the final SOFR calculation.

Term Repo

While term repo is excluded from the calculation of SOFR, it can indirectly impact the volumes and
fixings of the repo that does.

For example, when there is an increase in term borrowing demand from hedge funds, dealers could
be using this alternative investment as leverage to bid up the rates it charges hedge funds in the
overnight market, some of which will be sponsored lending. Conversely, MMFs may gain or lose
pricing power as dealer behavior shifts between providing ON and term funding, changing where
tri-party fixing settle.

Since term repo isn’t considered in SOFR, any funding that would have been provided to a hedge
fund in overnight sponsored repo that gets translated into term will subtract from the volume of
bilateral rates FICC gives NY Fed. Similarly, dealers may want to duration-match by shifting some tri-
party borrowing from ON to term when the destination is a term repo, which would remove data
that BNY Mellon provides for SOFR.

' NY Fed also excludes party-affiliated trades, before their bottom 20% filtering. Party-affiliated trades are borrowings
between counterparties under common ownership (e.g., subsidiaries of same parent company).
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The distributions of rates within SOFR

Beyond excluding large volumes of the repo market and not perfectly guaranteeing all eligible
transactions are collateral agnostic, a fundamental misconception is that SOFR is the prevailing
overnight borrowing rate across the repo overnight market.

To understand why that might not be the case, we must consider the distribution of rates that NY Fed
receives from BNY Mellon and FICC.

Given GCF (cleared tri-party) is a relatively small and stable segment of SOFR-included repo market,
for the purposes of our discussion we will focus only on cleared bilateral and traditional uncleared
tri-party.

Ignoring any difference in collateral quality, cleared bilateral trades can be very different from one
another, mainly because there’s a large diversity of counterparties, creating a structural dispersion in
transaction rates. Effectively, the transactions that FICC provides the NY Fed come from two distinct
groups: inter-member transactions and sponsored transactions.

Inter-member transactions, predominantly between securities dealers, are far more standardized
than those executed under sponsorship. IDB screens provide more pricing transparency but party
anonymity, which encourages rate convergence.

Non-brokered inter-member borrowing, however, occurs in a relationship-driven environment, which
can bias funding rates lower than those in the blind-brokered market.

Sponsored transactions tend to skew toward higher funding rates, driven by funding urgency, credit
quality, and other idiosyncrasies. Hedge funds, the primary cash borrowers in sponsored DVP, may be
forced to accept expensive funding near Treasury settlement dates to finance collateral used for
other trades. The sponsored segment also introduces credit variability, since the sponsoring member
assumes a portion of the clearing fund allocated to the sponsored party, that risk is usually factored
in the rate offered.

Tri-party rates tend to be more anchored and less diverse, owed in large part to the counterparty
profile. Since there isn’'t a sponsorship program for tri-party platforms, counterparties are less diverse
than in the bilateral market, and the tri-party market primarily functions as a way for MMFs to lend to
securities dealers to fund their inventory. Furthermore, almost all MMFs have internal rules on the
credit rating of broker-dealers they are allowed to lend to in tri-party, further limiting counterparty
profile diversity. It also benefits from the GC standardization and the reduced operational risk
provided by BNY Mellons’ settlement process. Tri-party is a cash-driven market, so if they out-earn
alternative investments, like Treasury Bills, MMFs want to deploy as much cash as they have on-hand.
The result is a market that is more dependent on the overall availability of cash, with periods of
abundance less prone to bidding wars. On the demand side, dealers generally have stable demand
for financing that they use to fund their securities inventory.
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Structural and Predictable Stress Periods Exist

Throughout the year, there are several periods which, to varying degrees, are expected to “stress”
the repo market. While there are idiosyncratic events, like last year’s TGA rebuild, which can impact
how MMFs change their cash-lending behavior, we focus on a set of predictable and regular events
that change the demand for cash from end-users and the supply of intermediation capacity from
dealers.

Dealer Balance Sheet Constraints...

Banks and dealers that are part of bank holding companies are subject to regulatory requirements
such as minimum capital ratios and G-SIB (globally systemic important bank) surcharges, which
impose an implicit cost of activities that create balance sheet exposure.

Intermediating a repo transaction can be costly in this right for dealers. Intermediaries can’t borrow
from party A to lend to party C and net the transactions due to the way that Dodd-Frank ultimately
treated repo transactions, so intermediating such a trade involves a lot of on-balance sheet
exposure, despite the opposing directionality.

These costs can be magnified at certain times due to reporting and regulatory requirements,
although this varies significantly across jurisdictions, since each prudential regulator implements
internationally standard guidelines differently, or may apply additional rules within their jurisdiction.

For example, G-SIB measurements are taken at calendar year-end for most jurisdictions, but in
Canada, it’s performed at fiscal year-end (October 31%). Furthermore, while liquidity ratios are taken
as an average over the year, leverage and capital ratios are measured using a quarter-end
“snapshot” of the bank’s balance sheet.

Importantly for the context of SOFR, the G-SIB scoring components of interconnectedness,
complexity, and use of short-term funding” alongside the SLR and Basel leverage ratios are sensitive
to repo exposure on balance sheets. Since these are scored from snapshots and repo is one of the
most elastic activities for dealers and banks, they’re incentivized to reduce their net repo exposure
for the day of the snapshot, a process known as “window dressing.”

Outside of regulatory metrics, capacity for dealers to intermediate repo transactions is also limited
when they take delivery of USTs bought at auction, or around corporate tax dates. These can
sometimes overlap with regulatory reporting periods, compounding the tightness in offering balance
sheet space for repo intermediation.

"The use of short-term wholesale funding distinguishes the US’s “Method 2” G-SIB scoring from the internationally used
“method 1” - Method 1 replaces the short-term wholesale funding component with a measure of “non-substitutability.” The
US mandates that firms adhere to whichever method produces a higher surcharge - in practice, the Method 2 surcharge is
always higher than the Method 1 surcharge.
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... And How Their Behavior Changes

Because dealers sit in the middle of most repo transactions, repo rates experience some degree of
upward pressure during periods when dealer balance sheet availability becomes constrained.
However, not all rates experience the same pressure during these periods.

As noted, most dealers don’t build their securities inventory using their own cash. Instead, they
borrow in repo to finance their holdings while they wait for a buyer. As a result, dealers must maintain
a minimum level of net repo borrowing to keep their stock, even during regulatory snapshots. This
stock-financing component of repo demand is generally stable, and most dealers’ cheapest and
most reliable source of funding continues to be money market funds via tri-party.

The real adjustment in market behavior comes from whether, and how, dealers deploy excess cash
or market-make repo under tighter funding conditions. One option is for them to retain the cash that
would otherwise have been lent to a borrower in the uncleared bilateral market, with the cash either
coming from their own sheet or borrowed from a MMF. Another option is to sponsor both legs of that
transaction onto the FICC DVP platform to allow them to net their aggregate opposing repo volumes
against one another.

As such, sponsorship becomes the preferred method of lending to levered funds and other end-users,
often by moving transactions that would otherwise occur uncleared onto the sponsored platform.
Dealers still fund this activity by cash borrowed from money market funds but increasingly prefer to
sponsor MMFs onto the FICC platform as well. This allows them to reduce balance sheet exposure
without adjusting repo intermediation volume; however, margining requirements for FICC sponsored
repo activity makes this activity much more cash-intensive for dealers, resulting in dealers typically
charging higher spreads between both legs of the transaction to cover that cost. Given the pricing
dynamics (MMFs having alternative lending avenues but dealers using them as the main funding
source), the additional spread is usually applied disproportionately onto the end-user. Figure 14
shows that since 2018, the SOFR-IORB spread at year-end has averaged over 15bps above the annual
average, and as much as 75bps in the days following the 2018 year-end.
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Figure 14: SOFR-IORB vs annual average in the business days surrounding year-end (bps)
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Tri-party activity that is sponsored falls under bilateral volume for purposes of the SOFR calculation,
but as the transaction would have been captured in SOFR anyway ds a tri-party transaction, it does
not significantly impact the overall SOFR distribution. However, the transaction no longer gets
reported by NY Fed as a part of daily tri-party volumes, despite it occurring on the tri-party platform.

The biggest implication of the sponsorship process is that it pulls uncleared bilateral transactions
that would typically not be centrally reported (therefore not in SOFR) into the data provided by FICC
to NY Fed for its SOFR fixing calculation.

Between the shift in volume from tri-party into cleared bilateral and the additional sponsoring of
otherwise uncleared lending, the proportion of repo channeled through cleared bilateral can
increase significantly as dealers seek balance sheet relief. Figure 16 illustrates this, showing how
large spikes in the share of SOFR volume coming through the sponsored bilateral channel sees large
spikes at quarter-ends, year-end, and Canadian fiscal year-end (10/31).
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Figure 15: Sponsored Cleared Bilateral Volume ($bn)
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Figure 16: Sponsored Cleared Bilateral Volume as a Share of SOFR Volume™
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2 The data for sponsored repo volume measures total volume, whereas SOFR volumes include a 20% volume trim. To give a

better approximation of relative use of sponsorship, the SOFR volume in the denominator is scaled by 25% to represent an
untrimmed estimate.
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Ongoing and proposed regulation will change how
SOFR behaves

While repo transactions, and the entities who utilize them, aren’t going away anytime soon, there
are ongoing and proposed developments on the regulatory front which have significant implications
for the funding market and SOFR.

As a reminder, almost all securities dealers providing repo intermediation are part of bank holding
companies. As such, their activity is subject to the regulations of their parent company.

G-SIB Scoring Reform

This surcharge is based on a weighted scoring of 5 categories: with the 4 being size, complexity,
interconnectedness, cross-jurisdictional activity. The 5™ category is dependent on which scoring
“method” is being used. In “method 1,” the final category is non-substitutability, while it is use of
short-term wholesale funding in “method 2.”

The resulting score is, among other things, a direct surcharge to a bank holding company’s minimum
CET1ratio, which is a risk-weighted capital leverage ratio. On top of a minimum 4.5% ratio and an
additional 2.5%+ capital buffer based on Fed stress testing results, their G-SIB score is added to the
resulting ratio to get a minimum capital requirement.

The scoring guidelines and methodology have remained unchanged since its introduction in 2015.
Fed Vice Chair of Supervision Michelle Bowman recently previewed the long-awaited Basel lll
Endgame proposal, which includes adjustments to the G-SIB scoring framework. In the context of
repo, two main changes are included in the proposal.

First, the coefficient/weighting on the short-term funding component is being specifically reduced,
with the aim of lowering the contribution of the subscore to roughly 20% of aggregate G-SIB scores
from about 30% currently.

Secondly, the scoring is moving to annual average measurements for all 5 categories. The size and
short-term funding components already are taken as an average over the calendar year, but now
the remaining components will be using the same methodology, ending the snapshot policy.

While the coefficient change should reduce the penalty of running a larger repo book, the snapshot
policy has allowed dealers to allocate much more sheet to repo through most of the year, only
pulling back on repo intermediation to “window dress” during the snapshot. By moving the
interconnectedness, complexity, and short-term funding measurements to an annual average,
dealers will end up running smaller, more stable, sheets throughout the year, to avoid increasing
their G-SIB score.

The two scoring reforms have opposing incentives for repo intermediation. Taken together, they
should create more stable funding conditions throughout the year, even if the new average scoring
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method penalizes running the same size book as past years. Whether dealers are willing to accept
the higher score in the newly averaged categories or reduce non-year-end volumes is yet to be
seen. If they retain book sizes, we may see repo rates pass along some of the costs associated with
the change. We expect the initial effect to be toward a net increase in repo capacity across G-SIB
dealers, as the reduction in short-term wholesale funding (STWF) subscore and the general level-
adjustment to Method 2 coefficients will outweigh the impact of the anti-window dressing rule
changes.™

SLR Reform

Another minimum capital ratio required of banks and bank holding companies is the Supplementary
Leverage Ratio (SLR), a non-risk-weighted ratio of capital to assets. The base SLR requirement of 3%
of assets for both bank and bank hold companies is remaining as-is. However, the additional
surcharge for G-SIBs, called “eSLR,” has been revised and is effective in April of this year (although
many banks could have opted in since Jan 5.

Previously, G-SIB holding-company level entities faced a flat 2% surcharge on top of the base 3%
minimum ratio. The new eSLR methodology replaces the flat rate with 50% of the method 1 G-SIB
score. Method 1, which measures non-substitutability rather than short-term funding use, is currently
less than 4% for all US G-SIBs, implying that eSLR requirements will be lower than the prior flat 2% for
all domestic G-SIBs.

All else equal, a lower eSLR requirement for G-SIBs is a tailwind for repo intermediation - the SLR
tends to be more impactful for activities that result in lower risk-weighted capital charges (such as
repo intermediation), and thus the benefits of a lower requirement should accrue disproportionately
to those same activities.

Clearing Mandate

The third major event for the repo market is the SEC’s clearing mandate, which will require most
Treasury market transactions and all repo transactions to be cleared through an SEC-approved
clearing house. In simple terms, this means that entities are no longer able to lend and borrow
through the uncleared bilateral channel.

The ruling has been effective since March of last year, but compliance requirements have been
delayed from June 2026 to June 2027, underscoring the magnitude of the change and the
significant overhaul required for broad-industry compliance.

As previously noted, when dealers want to intermediate repo transactions while under balance
sheet constraints, they will often sponsor both the lender and borrower onto FICC’s DVP platform to

8 Historically, the coefficients on G-SIB subscores have not been adjusted for growth in the banking sector, which has
caused surcharges to rise naturally over time. The new ruling will begin adjusting subscores by GDP growth. To account for
several years of not doing so, the coefficients will all get a 1-time level shift, indexed to nominal GDP growth since 2019. This
will result in lower G-SIB surcharges upon implementation of the proposed rule change.
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net the transactions. In the process, FICC acts as a clearing house for the transaction. This method
of sponsoring, as of right now, is the only way for an end-borrower to access a clearing house.

The biggest implication of this mandate is that all uncleared bilateral repo borrowing will move onto
DVP via member sponsorship. Given that an estimated 38% of hedge-fund borrowing is currently
performed uncleared, this is a massive change for the repo market. While tri-party lending from
MMFs (and other entities, with the exception of central banks) to dealers will have to become
cleared as well, uncleared tri-party transactions were already being captured in the SOFR
calculation - clearing them should not materially impact SOFR fixings. As such, the material
consequences of this mandate stem from the movement of uncleared bilateral trades from outside
of the SOFR calculation to inside the SOFR calculation. For our analysis, we will assume that the only
clearing house remains FICC and their sponsorship process and DVP platform itself remains
unchanged.

First and foremost, most dealer-intermediated repo transactions, which previously existed outside
the scope of the SOFR calculation, will be pulled into the data FICC provides the NY Fed to calculate
daily SOFR fixings. That stands to meaningfully increase the volume of bilateral transactions being
included in the distribution. Without uncleared market data we cannot say for certainty whether the
distribution of uncleared bilateral transactions mirrors cleared bilateral; however, we expect the
behavior to be much more like today’s cleared bilateral rates than tri-party. As a result of stable tri-
party volumes, but a significant growth in bilateral volumes within the SOFR distributions, we expect
the prevailing median SOFR rate to bias higher towards the median of the bilateral distribution.

Secondly, the margining requirements on DVP will require dealers to allocate more cash for the
sponsorship process than when those transactions could have occurred uncleared. Being cash-
intensive is not attractive for dealers, who will more than likely pass along the additional margin
funding cost to hedge funds in the form of higher repo rates. This has the potential to raise funding
rates for a significant portion of end-borrowers, although the pass-through is not guaranteed.

The cash needs of the sponsoring process could be become less burdensome though due to new
“Collateral-in-lieu” (CIL) service that FICC intends to begin offering. CIL will allow sponsoring
members to provide FICC a lien on the posted collateral instead of posting more margin to FICC. This
is primarily helpful when a dealer sponsored a MMF, as the lien against the collateral that the dealer
“purchased” replaces cash that the dealer otherwise would have to post. On a net basis, it’s possible
that CIL will wholly offset the increased margin requirements that come from shifting currently
uncleared bilateral trades into the sponsored platform, but it remains to be seen how it shakes out.

Whether or not the SEC chooses to push the compliance deadline out, the logistical task of
onboarding borrowers onto the sponsorship platform is itself big enough that some expect industry
compliance is unlikely by June of next year.
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Appendix

Implications for the swap spread trade

SOFR being different from realized hedge funds repo costs can have significant implications for
relative value trading strategies. For example, repo costs are a significant consideration for levered
entities that trade swap spreads. The basic cash-flow (CF) from holding a long swap spread position
is defined below (not total PnL).

CF = CF of long UST leg + CF of short swap leg
= (earn UST coupon) + (earn swap floating - pay swap fixed)

When levered entities want to engage in a long swap spread trade, they do so by buying a UST
funded in repo and short the equivalent swap leg. Since the coupon-earning UST is paid for by
compounded repo while the swap’s floating leg earns compounded SOFR, we can rewrite the
levered entities cash flow below, assuming they fund by rolling overnight borrowing:

CF = (earn UST coupon - pay rolled O/N repo rates) + (earn compounded O/N SOFR - pay fixed)
Which can be rewritten as:

CF = (earn UST coupon - pay swap fixed) + (earn compounded O/N SOFR - pay O/N compounded
repo rates)

Thus, funded and unfunded legs compound different overnight rates, such that a levered long swap
spread position earns SOFR but pays whatever O/N repo they pay over the period. Given levered
funds don’t have access to tri-party funding, they are limited to funding the position in the bilateral
market. Hence, the cost of holding a levered long swap spread position is highly sensitive to the
spread between bilateral rates (what they pay) and SOFR (what they earn).
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Part 3 — A closer look at SOFR and it’s

signals

= SOFRis an indicative, summary rate describing the Overnight Treasury repo market. However,
SOFR can often be a rather poor indicator of where market participants actually fund themselves
at. SOFR is the median of two distinct market segments, which do not always trade in a consistent
manner.

* Tri-party repo remains relatively stable under stress, while cleared bilateral funding widens and
shifts higher — creating an anchoring effect in SOFR, where the fixing does not move as much as
bilateral repo, which is the repo cost borne by most end-users of repo financing in the market.

» During balance sheet stress, SOFR understates the magnitude of funding pressure faced by
bilateral borrowers.

= The share of transactions occurring near the SOFR fixing falls meaningfully during stress periods,
reducing its representativeness during such times.

= As the mix of repo activity shifts toward bilateral funding, divergences between SOFR and realized
funding costs become more economically relevant.

Introduction

Purpose

As we have covered, the goal of SOFR is to summarize funding rates of the overnight Treasury repo
market, but we have also given reason why the volume-weighted median rate may fall short in
accurately conveying funding conditions across various market participants.

In an ideal world, the NY Fed would share more granular data publicly; however, they only provide
limited summary statistics to holistically view the repo market. For both tri-party and the combined
SOFR-eligible transactions (cleared bilateral, tri-party, and GCF), they publish the previous market
day’s volume along with the rates of the 1st, 25th, 50th, 75th, and 99th percentiles. The 50th
percentile of the total SOFR-eligible transaction set is the SOFR fixing for that day.
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On a lagged basis, however, they release slightly more granular statistics for daily SOFR and tri-party
rates, which includes the 5th, 40th, 60th, and 95th percentiles.

While this is still far from a complete picture, we set out to utilize this more granular data with the
objective of visualizing some of the concepts we have previously discussed. Among them, we aim to
identify the distinct distributions that make their way into SOFR and how they behave under funding
stress conditions. We also seek to show both visually and through empirical estimates that the
published SOFR rate is often not indicative of where most funding occurs.

Approximating the distributions

To move beyond simple summary statistics, we need an approximate picture of how SOFR and tri-
party repo rates are distributed. Because the underlying transaction-level data is not publicly
available, this requires making assumptions about the shape of these distributions.

A common approach in modeling short-term interest rates is to assume a lognormal distribution,
which ensures rates remain positive and allows for skewness. This assumption is widely used in
academic literature and provides a practical way to infer full distributions from limited published
information.

Using our lagged percentile data from the NY Fed, we construct approximate daily distributions for
both SOFR and tri-party repo rates. These distributions allow us to generate synthetic samples that
reflect the observed dispersion of rates, scaled to daily transaction volumes.

Because tri-party transactions are included within SOFR, we then apply a separation procedure to
remove the tri-party component from SOFR. This leaves a residual distribution that we interpret as

reflecting cleared bilateral activity. The result is a set of theoretical samples that can be compared
across market segments on a given day.

Initial Observations

Applying our methodology, we can visualize the synthetic samples which combine to form the SOFR-
eligible transaction rates. Here we see the tri-party and extrapolated cleared bilateral samples next
to each other, normalized by the day’s IORB level to make samples comparable across different
policy rate settings.
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Figure 17: Histograms of synthetic samples of normal™ days
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Sources: PNC
Below we make some basic observations on the generic-day histograms, which provide context to
our prior knowledge of how repo markets operate.

Observation 1: Location

The most identifiable aspect of the histogram is that a significant proportion of tri-party samples sit
below the cleared bilateral samples. In part one, we discussed that most tri-party transactions are
securities dealers borrowing from money market funds with the purpose of either funding their
securities inventory or to relend to hedge funds. As such, unless they are borrowing with the goal of
obtaining a specific security as collateral, they have little incentive to intermediate without some
spread between their borrowing in tri-party and their lending in bilateral. Furthermore, dealers must
consider the margining requirements of lending through DVP, which provides upward pressure to
the spread they demand for facilitating intermediation.

Observation 2: Shapes

A second key observation from the samples is that the tri-party samples have relatively little skew
while the estimated cleared bilateral histogram has a significant right skew. In our example of
9/4/25, over 80% of the tri-party samples lie within 2bps of the sample median. Conversely, only 53%
of samples lie within same range of the sample median in the bilateral group.

" Normal days are defined as days not surrounding Treasury settlement days, or quarter/year-end reporting days.
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Observation 2a: Shape of tri-party

The narrow and symmetrical nature of the tri-party samples validates our understanding of how
that subset of the repo market operates. It’s a low diversity market where the lower bound is often
set relative to the alternative yields a money market fund can achieve through other short-term
investments, like Treasury Bills. The upper range of what money markets can charge is somewhat
more flexible but somewhat bounded by the rates dealers would be willing to lend to one another,
which is the product of their alternative lending avenues. Ultimately, that sets a soft upper bound of
the tri-party range linked to the lower rates of the bilateral distribution, since there’s little incentive
to borrow for more than you can lend to an end-user.

Observation 2b: Shape of cleared bilateral

The transaction rates in the bilateral market have far fewer bounding properties than in the tri-party
market, which we can see in its shape.

The same reason that tri-party rates have a soft upper bound is what gives a soft lower bound to
bilateral rates—there’s no incentive for dealers to lend for less than they can borrow.

The width (interquartile range) of the bilateral samples comes from the increased counterparty
diversity and funding needs of the bilateral borrowers. Addressing the former, dealers adjust their
prices to consider the borrower’s counterparty risk in a way that money market funds don’t need to,
since they only lend to established and large borrowers (most dealers), who meet the credit
requirements of their charter. As such, a dealer may lend to two different hedge funds on the same
day but demand a higher repo rate from the higher risk borrower.

While the needs of tri-party borrowing generally fall into two categories, dealers funding their
inventories and dealers relending, the source of funding needs can vary considerably across end-
borrowers. Not all hedge funds trade the same product, and some may be willing to borrow at
higher expense if they expect to earn more on the product they’re funding.

Observation 3: SOFR lies between tri-party and cleared bilateral

In this example chart, the red line shows the actual median SOFR rate for the day. We can visually
see that SOFR is the median of two distinct distributions, and while it certainly falls in the range
samples, it falls at neither of the synthetic sample medians.

This gets to the heart of why SOFR isn’t a good representation of where real participant funding
occurs. In short, money market funds are lending to dealers in tri-party below SOFR, and dealers are
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relending to hedge funds in cleared bilateral above SOFR. So, while the median rate captures the
overall funding conditions, it’s not necessarily what participants can lend or borrow at.

To quantify the concept, we can look at the share of samples falling near the sample SOFR fixing."” In
total, only about 51% of samples fall within 3bps of sample SOFR. Broken down by source, 37% of tri-
party samples within 3bps of sample SOFR, while 59% of cleared bilateral samples fall within 3bps of
sample SOFR. Figure 18 shows the share of samples falling within a given range relative to sample
SOFR.

Figure 18: Share of samples falling within a range of sample SOFR (9/4/2025)

More than Within 3bps More than
Group 3bps below of SOFR 3bps above
SOFR SOFR
Tri-party 63% 37% 0%
Cleared Bilateral 1% 60% 39%
Total 25% 51% 24%

Sources: PNC

Visualizing balance sheet constraints

As we have previously outlined, there are regular and predictable periods each year where dealers’
willingness to intermediate repo changes. We can apply our methodology to days that we expect
to have balance sheet constraints to help visualize and quantify behavioral changes. Below are
some expectations based on our prior knowledge of how balance sheet constraints impact repo
markets.

First, we expect to see that during periods associated with balance sheet stress, the bilateral portion
of SOFR volumes become a wider and flatter distribution in comparison to a normal day. As we
discussed, to limit balance sheet exposure, dealers often sponsor their lending onto the DVP
platform that would not show up as SOFR-included volumes. This counterparty diversity expansion,
together with how dealers choose to absorb or pass along the added margining requirements for
clearing the transaction, ultimately introduces a wide array of repo rates that only get included in
SOFR when dealers need to maximize netting. Aside from changes in shape, the median of this
distribution should increase relative to normal, as dealers leverage their limited lending capacity to
charge higher borrowing rates.

Second, we expect to see that widening/flatting behavior is much more prevalent in the bilateral
distribution than in tri-party. Since price setting by MMFs is mostly a product of cash availability, and
a portion of borrowing is dealers funding their own stock, tri-party transactions tend to behave

'® The sampling and removal method we use can overestimate the median of the tri-party and combined tri-party and
bilateral samples. To account for a structural bias, we use the median of the combined samples as our reference for SOFR
in assessing how many samples fall within a region. Results are broadly similar to when the true SOFR fixing is used.
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similarly whether or not the dealer is short on balance sheet for intermediation. Combining this
theory with our expectation of the bilateral distribution above, we expect to see an “anchoring”
effect in the SOFR fixing, in which large increases in bilateral rates are mechanically partially offset
by the stability of tri-party rates in the calculation of the median SOFR rate.

Third, we expect to see evidence of our earlier theory that the headline SOFR rate is not always a
good representation of where repo transactions actually occur. Leveraging the expectations above,
we expect to see that when balance sheets are stressed and the bilateral distribution increases and
becomes more skewed to the right, the distributions separate more and the combined median
(SOFR) rate prints at a level where less of either the tri-party and bilateral distribution falls.

Defining Stress Events

To visualize how balance sheet constraints and regulations impact funding behavior, we first must
define windows where we expect dealer intermediation capacity changes and by how much.

We define the following subsets of dates that we consider as “stress days,” with a scoring according
to how impactful these groupings have historically been for balance sheet constraints.

Stress days are defined using event-centered trading-day windows, rather than fixed calendar-date
rules. Intermediation capacity can be impacted in the days leading up when a dealer expects
balance sheet constraints and can sustain for a few days following, which we capture by giving our
categories date ranges. Unless otherwise noted, each stress category comprises a window spanning
two business days before and one business day after a designated event anchor, inclusive of the
anchor day itself.

Figure 19: Subgroup definitions

Subgroup Stress-Level Description
Business days falling within the event window around the
Year-End 4 final trading day of the year, including early-danuary

spillover where applicable.
Business days falling within the event window around the

Quarter-End 8 final trading day of a calendar quarter.
Month-end 5 Business days falling within the event window around a
settlement month-end UST settlement.
Mid-month Business days falling within the event window around a UST

1 settlement date occurring between the 12th and 20th of
settlement

the month.
Normal 0 All other days
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Comparing representative samples

We selected one “representative” day from each stress subgroup and performed our sampling
methods. As Figure 20 shows, the volume and level of SOFR fixings have varied significantly over
time. As such, comparing samples from 2025 and 2022 can be misleading, even after normalizing
IORB. To address this, we compare our representative stress samples to a recent prior normal day, to
establish somewhat of a baseline.

Figure 20: 20-day moving average of SOFR volume and SOFR-IORB spread
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Figure 21: Representative stress days vs recent “normal” day (rate-IORB, bps)
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The above distributions in Figure 21 clearly affirm our prior expectations, notably that we see much
wider and flatter bilateral distributions under stress—with year-end being most impactful.

We also verify that relative to our normal days, the median of the bilateral distubution moves more
under stress than the tri-party median, which contributes to the anchoring of SOFR during stress. This
can ultimately disguise some of the severity in end-user repo rates when looking at headline SOFR
alone, as a 1bp increase in the median bilateral rate may yield less than a 1bp increase in SOFR.
Figure 22 shows the difference between medians on a stress day versus a normal day, compared
across different sample groups.

Figure 22: Changes in median on representative stress days vs recent normal day (stress median-
normal median, bps)

. Cleared
Group Tri-party Bilateral SOFR
Mid-month settlement 6 6 6
Month-end settlement 8 1 10
Quarter-End 5 8 8
Year-End 15 20 19

Sources: PNC

Looking at Figure 23, we can get a better understanding of how much of the transaction volume
occurs at or around the sample SOFR rate. Here it’s clear that in times of repo stress, even though
SOFR prints may elevate, the headline rate becomes less representative of true funding as
conditions worsen and distributions widen. In our normal day 51% of samples fall within 3bps of SOFR,
while only 32% fall within the same range at either quarter end or year end. Conversely 10% more
samples fall more than 3bps above SOFR at year-end than on a normal day.
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Figure 23: Share of samples falling within a range of sample SOFR (%)

More than Within 3bps More than
Group 3bps below of SOFR 3bps above
SOFR SOFR
Normal 25% 51% 24%
Mid-month settlement 28% 48% 24%
Month-end settlement 30% 43% 28%
Quarter-End 35% 32% 33%
Year-End 34% 32% 33%

Sources: PNC

Conclusion

The objective of SOFR is to summarize the overnight UST repo market, but as we have seen, it faces
many limitations in doing so accurately. Firstly, it neglects an estimated 38% of daily repo volume by
ignoring uncleared bilateral transactions. Secondly, it’s a median rate of two distinct distributions,
which often leads to an obscured estimate of where much of the overnight repo funding occurs.
Those two distinct distributions are a product of structurally different repo markets, which
experience different behavior under stress.

Tri-party, a cash-driven market characterized by having low counterparty diversity and floored by
alternative investments like Treasury bills, has a relatively narrow and symmetric distribution of
transaction rates. Aside from shifting volumes out of tri-party and into FICC-sponsored tri-party, this
market has somewhat muted behavioral changes when securities dealers face balance sheet
constraints.

Conversely, the cleared bilateral market has a much more right-skewed distribution, often lower
bounded by tri-party rates but with significant counterparty-diversity and funding needs which offer
no distinct upper bound to the rates dealers charge end-borrowers. This market experiences
significant behavioral changes under stress, as dealers require more spread to tri-party to facilitate
intermediation when facing balance sheet constraints and additional margining requirements from
sponsorship.

The above traits of each distribution are magnified during periods of stress, amplifying the degree to
which SOFR accurately reflects — or fails to reflect — prevailing funding conditions. This is visible in
the growing divergence between how the underlying distributions shift on normal days versus stress
days. As dealer balance sheet constraints bind, the response of funding markets may intensify more
than SOFR fixings suggest. Understanding this divergence is critical for interpreting repo market
conditions as the market evolves.
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Appendix

Distribution fitting and sampling methods

We assume that SOFR and tri-party repo rates follow lognormail distributions (Black & Karasinski,
1991). To estimate the parameters of these distributions, we use the percentiles published in the New
York Fed’s quarterly data.

The lognormal quantile function is linear in standard normal z-scores when expressed in logarithmic
terms. We therefore convert the reported percentiles into z-scores under the standard normal
distribution and run a linear regression in log space. The intercept and slope of this regression yield
the lognormal mean (u) and standard deviation (o) that define each distribution.

We assume that SOFR and tri-party each have their own distinct distribution every day. Using the
estimated parameters, we independently sample from each distribution, with the number of
samples proportional to that day’s reported transaction volume.

Since tri-party volumes are a subset of SOFR, we assume that SOFR samples falling within the same
rate ranges as tri-party samples likely represent tri-party transactions. To separate the two, we
group both sets of samples into small rate buckets (for example, 4.000-4.005%, a 0.5 basis point
range). Within each bucket, we remove from SOFR the same number of samples as appear in tri-

party.

As an illustration, if a given bucket contains 60 SOFR samples and 50 tri-party samples, we attribute
50 of the SOFR samples to tri-party and retain the remaining 10. Because we disregard GCF, we
interpret these remaining samples as coming from cleared bilateral transactions contributing to
SOFR.

Limitations

One limitation of this method is that when dealers sponsor their MMF borrowing onto FICC DVP, it
remains in the overall SOFR data but no longer gets counted in the TGCR data, despite generally
maintaining its un-sponsored behavior. While the distribution of SOFR isn’t impacted (since it’s
included in SOFR whether or not its sponsored), the number of samples to draw from the tri-party
distribution is artificially lower than usual, since sampling is done relative to the actual tri-party
volumes for the day. With less tri-party samples drawn, less are removed from the SOFR distribution
in the overlap removal process.

The ultimate impact is that a portion of SOFR ex. tri-party samples (empirical bilateral) are actually
sponsored tri-party. Although this may visually impact the right-tailed nature that we're expecting to
see in the empirical bilateral distribution, it could impact the left-tail, as in Figure 17, where we
classify what are likely tri-party samples as cleared bilateral. Another impact is that the mean and
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median of the empirical bilateral samples may be an underestimate of actual cleared bilateral rates,
artificially suppressed by leftover sponsored tri-party samples.

Another limitation of the empirical methods used is that it tends to overestimate the median of the
combined tri-party and bilateral samples, which is the sample estimate of SOFR. It also tends to
underestimate the median tri-party samples relative to what NY Fed provides. As such, all
visualizations shown are chosen from a list of days that offered minimal error in both tri-party and
SOFR residuals, particularly relative to SOFR-IORB during peak stress.

Figure 24: Residuals of sample medians: >0 implies underestimate, <0 implies overestimate
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Figure 25: Residuals of sample medians for days referenced

SOFR True tri- Sample  Tri-party
Date Day Type STguF(Ie? Sggm'f)RIe residual party tri-party  residual
(bps) Median Median (bps)

April 24,2025 Normal 4.3 4.3 -1.4 4.3 4.3 0.2
April 30,2025 Month-End Settle 4.4 4.4 -0.1 4.4 4.4 0.8
June 25, 2025 Normal 4.4 4.4 -0.5 4.3 4.3 0.1
June 30, 2025 Quarter-End 4.5 4.4 0.5 4.4 4.4 0.5
August 8, 2025 Normal 4.4 4.4 -0.7 4.3 4.3 0.1
September 4, 2025 Normal 4.4 4.4 -0.1 4.4 4.4 0.3
November 7, 2025 Normal 39 39 0.1 39 39 0.0
November 17, 2025 Mid-Month Settle 4.0 4.0 0.3 4.0 4.0 0.9
December 24, 2025 Normal 3.7 3.7 -1.2 3.6 3.6 0.4
December 31, 2025 Year-End 39 39 0.6 3.8 3.8 3.0
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Disclosures

The material presented and the views expressed herein are of a general nature and does not constitute the provision of
investment or economic advice to any person, or a recommendation of any particular securities, financial instruments,
strategies or banking services. Opinions and forecasts expressed herein are subject to change without notice. Relevant
information was obtained from sources deemed reliable. Such information is not guaranteed as to its accuracy. You should
seek the advice of an investment professional to tailor a financial plan to your needs. To the extent that these materials
reference PNC data, such materials are not intended to be reflective or indicative of, and should not be relied upon as, the
results of operations, financial condition or performance of PNC.

Forward-looking statements are necessarily subject to numerous assumptions, risks and uncertainties, which change over
time. Future events or circumstances may change our outlook and may also affect the nature of the assumptions, risks and
uncertainties to which our forward-looking statements are subject. Forward-looking statements speak only as of the date
made. We do not assume any duty and do not undertake any obligation to update forward-looking statements. Actual
results or future events could differ, possibly materially, from those anticipated in forward-looking statements, as well as
from historical performance. As a result, we caution against placing undue reliance on any forward-looking statements.

“PNC” is a registered mark of The PNC Financial Services Group, Inc.

© 2026 The PNC Financial Services Group, Inc. All rights reserved.
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