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Unsustainable LIBOR
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The new US risk-free rate (RFR) Is

SOFR

e SOFR Is based on
Treasury repo
transactions, as a
trimmed median.

« >$700 billion daily
underlying volume

e 3-month LIBOR
volume is < 1/1000th
of SOFR volume

Figure 3: Daily Volumes in U.S. Money Markets
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Average volumes over 2017H1, with the exception of 3-month T-bills, which are preliminary estimates from available
FINRA Trade Reporting and Compliance Engine (TRACE) data over August and September 2017. 3-month volumes are
based on all transactions with remaining maturities between 80 and 100 calendar days or 41-80 business days. Source:
Federal Reserve Bank of New York; Financial Industry Regulatory Authority; DTCC Solutions LLC, an affiliate of the
Depository Trust & Clearing Corporation; and the Board of Governors of the Federal Reserve System.



USD LIBOR vs repo rate

e LIBOR involves
credit risk;
SOFR does not.

« LIBORIs
forward looking
term rate; SOFR
IS an overnight
rate known next
day.

Figure 7: Compound Averages of Overnight Secured and

Pﬁercent Unsecured Rates are Similar

Source: ARRC (2018)
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LIBOR transition at the global scale

[2] Developments regarding Interest Rate Benchmarks across Jurisdictions (five LIBOR currencies)
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Legal + economic solutions

 Legal & operational:
 LIBOR fallback language and new SOFR contract language
» Getting the plumbing ready for new RFR contracts, e.g. clearing
« Economic:
« Creating liquidity for new RFR (e.g. swaps and bonds + loans)
 Moving legacy LIBOR contracts to new RFR



Transition from U.S. Dollar LIBOR — Timeline

The Alternative Reference Rates Committee (ARRC) was originally convened in November 2014. Significant progress has been made to date.

Paced Transition Plan

Key ARRC and Other
Developments

o Apr.—New York Fed/OFR

Oct. — ARRC Paced Transition
Plan adopted

I
May — ARRC's Interim

Report and Consultation
published

Jun. — ARRC selected SOFR as
its recommended alternative

to USD LIBOR
[ ]

@ May — CME launched SOFR
futures

began publishing SOFR
L ]

I
Mar. — ARRC’s second report

published

ARRC reconstituted with
expanded membership

Jul. — FCA Bailey said panel
banks will not be compelled to
submit to LIBOR past 2021

@ Jul. - LCH began clearing SOFR
swaps

Fannie Mae issued first SOFR-

based FRN
)

Sept. — ARRC issued  Dec. — ARRC
consultations on issued
fallback language for consultations on
FRNs and syndicated fallback language
loans for bilateral loans,
Jul. — FCA, CFTC, FRB regulator ~ securitizations™
speeches highlighting need to
prepare for transition

ARRC issued guiding principles for
fallback contract language

S&P announced SOFR is an
“anchor money market reference
rate”

*ARRC expects to consult on fallback language for other cash products Source: ARRC (2019)

Oct. — CME began clearing SOFR swaps
° using SOFR PAl/discounting and FASB
added SOFR to its hedge accounting list

EQY 2021 — Create a forward-
looking SOFR term reference

rate
By Q2 2021 — CCPs to no o

longer accept new swap
contracts for clearing with
EFFR as PAl and discounting

EOY 2019 — ISDA seeking
to amend definitions and
offer a protocol

O
1H 2019 - Continue to build 94 2020 = LCH to
liquidity in SOFR markets move PAl/discounting
to SOFR

ARRC is seeking to produce
an indicative SOFR-based
term reference rate based
on futures data to help
promote market familiarity
with the term rate

ARRC expects to produce

final recommendations for KEY

safer contract language in :Comm cte

FRNs, business loans, and (O Anticipated Completion
securitizations @ Completed ahead of schedule

As of 1/30/19



Does LIBOR fallback solve the

problem of legacy contracts?

« Some have argued that new legal languages for fallback solve the
legacy contract problems.

 If LIBOR is discontinued, the legacy LIBOR contracts become SOFR
contracts by fallback.

« But this view overlooks/underestimates economic problems:
« Fallback will define LIBOR — tail wags the dog
 LIBOR loses its ability to capture current market conditions
« Value transfer upon fallback trigger



Why LIBOR fallback is insufficient

A hypothetical example
* Inlate 2021, the market agrees that LIBOR will discontinue

shortly.
 LIBOR fallback plan dictates that upon cessation, “LIBOR”
will be replaced by SOFR plus 10-year history average of Figure 7; Compound Averages of Overnight Secured and

LIBOR-SOFR spread (e.g. 20 bps). PRSI

 The market experiences a severe funding squeeze that
would normally lead to a 100 bps LIBOR-SOFR spread.

 What is the market LIBOR? Despite the funding squeeze,
LIBOR will trade at SOFR + 20 bps, the fallback/historical
rate, by no arbitrage.

e LIBOR loses its information content about credit risk.
e _LIBOR receivers will lose value of ~80 bps.




We still need an economic solution

SOFR-Linked Products by the Numbers!
Futures

Is to replace them by SOFR contracts. 130+ Number of Particpants

[6‘ Since it’s launch in May 2018, futures
" participants have steadily increased

 This requires a liquid underlying SOFR markets, ;;f;:;::::;;:;;:7;;::;;;;;:;ades"

. . . . . . spread) o

but SOFR liquidity is not yet sufficient. over $378 =
ver N Average Daily 28%

e SOFR futures have liquidity up to ~2 years. T & SA68DN  pormenis Open nterest

o SO F R SWapS h ave |OW VO I u m e . trading began on each exchange with a sharp increase in activity

during February

e SOFR FRNs have short maturities up to 3 years. Swaps®

e Over S49bn Outstanding Notional

[ ] SO FR—l I n ked preferred StOCkS Start to be iSSued . @ Cleared SOFR swaps have shown a steady increase, with more than

$49 billion outstanding

e The economic solution to LIBOR legacy contracts

Cash Issuances
Over S79bn Outstanding

SOFR cash issuance has reached more than $79bn outstanding with
market participation across corporates, financial institutions and
government sponsored agencies

Source: ARRC (2019)
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Outline

» | propose a clock auction design to replace legacy LIBOR contracts
and help build liquidity for new RFR.

| also discuss the role of the official sector in LIBOR transition.

11



A Clock Auction Design
for LIBOR Transition

(using SOFR as example)



Multi-maturity clock auction

« This auction finds the spread adjustments to replace LIBOR cash flows to
SOFR cash flows at various maturities.

« Adding the basis swap and clearing/compressing it together with the
original swap < replacing IBOR in old contract by RFR + spread

Interest rate swap Basis swap between [ Interest rate swap
based on IBOR IBOR and new RFR [ based on new RFR
Receive IBOR Receive RFR +y bps Receive RFR +y bps
Pay fixed Pay IBOR Pay fixed

rates s rates s
13



e (Cash product is similar, but loans/bonds and basis swaps are not cleared
together. The auction does not eliminate LIBOR cash flows. It is more of a
tool for hedging LIBOR exposure.

Floating rate loan Basis swap between [ Floating rate loan
based on IBOR IBOR and new RFR [ based on new RFR
Receive IBOR + x bps Receive RFR + y bps Receive RFR + (x+y) bps

NI _I_I_I I, 11t tl

Pay IBOR

14



Multi-maturity clock auction

(1) Start

Maturity 2y 5y 7y 10y
Spread (bps) |0 0 0 0
e Various maturities open simultaneously.
 Example of a maturity grid: {0.25y, 0.5y, 0.75y, 1y, ..., 30y}
« Multiple maturities encourage arbitrage across maturities.
 The grid could be made as dense or sparse as desired—driven by demand.
o |f a participant’s favorite maturity is not there, pick the nearest one.
* For simplicity of illustration, | only show a sparse grid of {2y, 5y, 7y, 10y}.
« LIBOR-SOFR spread on each maturity starts at zero. All spreads are
displayed to all bidders—as if on digital clocks.
 Transparency attracts liquidity providers.

15



Multi-maturity clock auction

(2) Bidding

Maturity 2y 5y 7y 10y
Spread (bps) (0 0 0 0
Demand ($b) |0 0 0 0
Supply ($b) |[100 |200 |[200 |250

 If the current spread on maturity j Is s;, each participant submits a quantity q;.
* ¢q; > 0 means demand: pay LIBOR, receive SOFR +s;.
* ¢q; <0 means supply: pay SOFR + s;, receive LIBOR.

 The process allows limit orders and market orders—they are automatically
translated into bids at each step.

16



Multi-maturity clock auction

(3) Price discovery

Maturity 2y 5y 7y 10y
Spread (bps) |20 20 20 20
Demand ($b) |0 0 0 0

Supply ($b) |100 [200 |200 |250

Demand ($b) | 75 120 (150 |150
Supply ($b) |80 180 |180 |200

 As long as Total Supply > Total Demand on a maturity, the auctioneer* raises the
spread by a pre-defined increment.

« The new spreads will refresh the supply and demand.
e This iteration repeats.
« Since LIBOR > SOFR in the long run, s; should come out positive.

17



Multi-maturity clock auction

(4) Closing

Maturity 2y 5y 7y 10y

Spread (bps) |25 30 32 35

Demand ($b) | 77 160 |169 |178
Supply ($b) |78 158 |170 |180

 Once Demand and Supply are sufficiently balanced on all maturities (say
within 5% of each other), the auction closes on all maturities
simultaneously.

e Spreads across maturities are linked by arbitrage relations.
 Heavy side is rationed (e.g. pro-rata or time priority).

18



Multi-maturity clock auction

(5) Post auction

Maturity 2y 5y 7y 10y
Spread (bps) |25 30 32 35

o Compression

* Legacy LIBOR cash flows and LIBOR-SOFR basis swap are compressed
together, to eliminate the misalignment of cash flow dates.

 Liquidity providers could end up with nonzero LIBOR-SOFR basis swap.
« Compression services needs to be fairly priced (or subsidized).
* Voluntary conversion at the final auction spreads

« After the auction, if two counterparties not in the auction both find the price
acceptable, they can convert their legacy LIBOR contracts into SOFR ones
at the market clearing price.

19



Core properties of the auction

 No arbitrage

* Mispricing is corrected by liquidity providers due to transparency and
simultaneity of auctions across maturities.

e Simplicity of strategies
o Submit demand/supply at a given price, instead of coming up with prices.
« Coordination and flexibility s mtcoes. |

e Start with short maturities, then

extend to longer maturities

Aluminium Alloy 11:45 - 11:50
and NASAAC Lead 15:00 - 15:05
11:50 - 11:55 Zinc 15:05 - 15:10

Primary 11:55 - 12:00 Copper 15:10 - 15:15 20



Successful clock auctions in practice

e Spectrum auctions since early 1990s
« Bidders bid on multiple licenses that are substitutes or complements.
» All prices are displayed and all licenses close simultaneously.

* Open and close auctions in equity markets are close to “multi-stock clock auctions”.
» Before settlement prices are determined, indicative prices are shown to the market.

» Market participants submit buy and sell orders in each stock into the respective auctions,
given the indicative prices on all stocks. Then auctions closes at 4pm, simultaneously.

» Closing auctions are now attracting more volume in equity markets.

21



Compression auction vs clock auction

 The key feature in both designs is about sourcing liquidity across
maturities.

« Duffie (2017/18) compression auction uses the existing compression
algorithms to search for matching maturities, subject to tolerances.
o Party Awants 9 year maturity, Party B wants 11 year — Algo suggests 10 year.

 Zhu (2018) clock auction relies on transparent prices to attract liquidity
providers who meet supply-demand imbalances across maturities.

e Party A puts the order at 9 year, Party B puts the order at 11 year
— Liquidity provider meets both and takes the basis risk

22



Design variables

« What maturities?
« Perhaps use a dense enough maturity grid to cover popular maturities.
 Example of FRN from ARRC (2018):

Figure 8: Maturity Structure of Floating Rate Notes
Referencing US Dollar LIBOR
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a0t
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0%
10% I I
% i I m o wm B . o -
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Year Maturing
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Design variables

« Should supply-demand imbalance be displayed or hidden?

My instinct is to have them displayed, maybe with some range but not the
exact numbers.

 Open auctions and close auctions on stock exchanges disseminate order
Imbalances before prices are finally determined.
« How large are the spread increments?

* Increments should be large at the beginning of the auction and small
toward the end.

 Use data on price impact to come up with rules of thumb.

24



Design variables

« How long does each round last? And how long does the whole
auction last?

e [t should be fast enough before market moves dramatically.
* Desirable to run auction in “normal” times
e Auctions in US equity markets use little time to run.
« How closely should supply and demand match before auction
finishes?
e If rationing is needed, which method?
* Pro-rata, time priority, size priority

25



Design variables

« Who would run these auctions?

« Exchanges or clearinghouses

« Official sector (e.g. central banks) or industry groups (e.g. ISDA)
« Should market participants be charged?

 Alower fee would generates more participation and less incentive to trade
outside of the auction.

» Post-trade compression and legal/operational costs should be kept low.

26



Encourage participation and bidding

How to attract participation?

Auctions could start with dealers, then expand to buy-side and end users.

Allow “non-competitive” bids. Example: Pay LIBOR and receive SOFR +
spread for $100M and 5-year, at the market clearing spread.

Allow “limit orders.” Example: A firm specifies “Bid to receive LIBOR and
pay SOFR + spread for $200m as long as the spread is less than 30 bps
and if maturity is between 4.5 years and 5.5 years”.

Non-competitive bids and limit orders can be easily translated into bidding
strategies in clock auctions by an algorithm.

27



Encourage participation and bidding

« What if participants withhold bidding until the very end?

Time priority of allocation if rationing is required.
Explicit reward for early bids (rescinded if withdrawn)

Require that a bidder’s demand to pay (receive) the spread cannot go up
(down) if spread goes up. This is similar to the “activity rule” in FCC
spectrum auctions

In open and close auctions in US equity markets, certain types of orders
cannot be entered close to the auction ending time.

28



Role of Official Sector
for LIBOR Transition



Regulatory incentives

 Regulators could and have provided incentives:

e Converting a legacy LIBOR contract to SOFR would not trigger Dodd-Frank-mandated
margin rules, etc.

e If a trading venue starts to offer LIBOR transition trades, it should be made easy to
register this specific service as a SEF.

e |f part of a portfolio moves from LIBOR to SOFR, they become imperfect offset under
Basel Il rules. A temporary relief on LIBOR-SOFR offsets would ease the transition.

e Hedge accounting recognition of SOFR

 Legal clarity related to LIBOR-SOFR conversion, especially on consumer products
such as mortgages

e LIBOR + 200 bps - SOFR + 220 bps: does that represent a rate increase?

30



Issue Treasury securities linked to

new RFRSs

 US Treasury started to issue 2-year FRNs (indexed to 13-week Treasury bill auction
yield) in 2014.

 How about issuing SOFR-linked FRNSs for longer maturities? 5-30 years.

e Auction variable is spread over (compounded) SOFR.

 Daily SOFR can be compounded to the coupon frequency, and coupons may be
delayed by a few months to make payments perfectly predictable.

* An investor/intermediary holding SOFR-linked Treasury FRNSs receives SOFR +
spread and expects to pay SOFR for financing. This structure hedges out
fluctuations in repo rates and could improve the pricing of Treasuries.

e To persuade CFOs to use SOFR-linked notes, Treasury Department needs to lead.

31



Using new RFRs in monetary policy

« Pay SOFR as interest on excessive reserves (IOER).
« Target SOFR in monetary policy.
 The Fed Fund rate is less informative now because of limited access.

32



Summary

« LIBOR cessation is a real risk.
 The legal/operational side of LIBOR transition is progressing steadily.

« But liquidity in LIBOR replacement is not yet sufficient, and legacy
contracts remain a challenge (especially cash products).

| propose an auction design to help liquidity creation in new RFR and
help LIBOR transition—contributing a small piece to a giant puzzle.

 The official sector holds very good cards to help liquidity creation in
new RFRs; it just needs to be willing to use them.

33
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