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The switch to SOFR discounting marks a turning point in the LIBOR transition—and it brings many
changes. Being aware of the full impact of these changes will be key to understanding the implications
for a derivatives trading business. This paper discusses the differences between OIS curves and

SOFR curves, the impact of SOFR discounting on future cashflows, the dynamics of SOFR discounting
risk, and the replacement of LIBOR with SOFR as the underlying of the derivatives market.

If a large group of capital markets participants were asked, “What keeps you up at night?"
I wouldn't be surprised if a majority answered, “The end of LIBOR"

The lack of sleep is sensible: while actual transactions underlying LIBOR have diminished
considerably, its use as a reference rate is still quite pervasive. In the U.S,, the gross notional
value of all financial contracts and securities tied to U.S. dollar LIBOR is around $200 trillion.

To help express the magnitude of that number, it is the equivalent of about 10 times the U.S. GDP.

As you all know by now, SOFR (Secured Overnight Financing Rate) was chosen by the U.S.
Federal Reserve's Alternative Reference Rates Committee (ARRC) as the alternative reference
benchmark to replace U.S. LIBOR. SOFR is derived from transactions in the overnight Treasury 2019 has turned

repurchase market and the Fed began publishing SOFR data as of March 3, 2018. out to represent

Fortunately, 2019 has turned out to represent a fairly active year for the transitioning away a fairly active
from LIBOR to SOFR. Several milestones have been crossed as it relates to the market's

year for the
adoption of SOFR.

transitioning
Key highlights featured in a recent ISDA report include:

away from

- In the third quarter of 2019, interest rate derivatives (IRD) traded notional referencing SOFR LIBOR to SOFR,.
increased by 25.4% to $106.3 billion (including $52.2 billion of basis swaps) from $84.7 billion
in the second quarter of 2019. The number of SOFR transactions increased to 478 from
188 over the same period.

- Trading volume in SOFR exchange-traded futures totaled $10.7 trillion in the third quarter
of 2019, compared with $4.7 trillion in the second quarter of 2019.

- During the first three quarters of 2019, IRD traded notional referencing SOFR totaled
$213.6 billion, including $73.3 billion of basis swaps. Trade count totaled 735, including 235
basis swaps. In the full year 2018, SOFR trades totaled $6.3 billion, including $2.5 billion
of basis swaps. Total trade count was 52, including 28 basis swaps.

- Open interest in SOFR exchange-traded futures jumped to $1.6 trillion at the end
of September 2019 from $558.0 billion at the end of June 2019

Another interesting highlight is that according to SIEMA (The Securities Industry and Financial
Markets Association), participation in the SOFR futures liquidity pool on the clearing house CME
increased to over 165 firms as of 2Q 2019 from 55 firms since CME's May 2018 launch of SOFR
futures. Additionally, according to CME, daily trade volume of SOFR futures at CME has reached
almost 60,000 in September 2019, compared to less than 1,000 in September 2018.
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SOFR Timeline & Key Milestones

SOFR futures |

Apr 2018 Jul 2018
pr b Oct 2018 YE 2019 YE 2021
New York egan G .
clearing SOFR CME Pegan c!earlng i TS L ISDA to finalize definitions amendments to include LIBOR may cease
Fed/OFR began g PAl/discounting fallbacks i derivati includi to be produced
publishing swaps allbacks in new derivative contracts, including ]
S May 2018 ICE launched SOFR futures triggers, fallback rates, and spread adjustments Forward-looking
! CME| h d Financial Accounting Standards Board ARRC to consult on robust contract fallback S0 AT
i aunched approved SOFR OIS as a benchmark interest language for consumer products referetm;e rate:
expecte i
i H

rate for hedge accounting purposes | ;
: I I

©. 0 0 ® e o
o o © o ®

Jan 2019 |

Jul 2018 ; I
d 1H 2019
ARRC issued guiding Sept - Dec 2018 Consumer . 251202
principles for e Product Working  ARRC released final recommendations for | cH to move to SOFR
fallback contract consultations on Grouplaunched  robust contract language in FRNs and PAl/discounting on both
syndicated loans, and expects to release dl
language new and legacy swaps
guae fFaRI:‘:):csk :_]ac?ii:::j izls final recommendations for business loans,
Ioans, k;l;lateral and securitizations
loans, and ARRC released a paper to explain how . Anticipated Dates
securitizations market participants can use SOFR in cash o Completed Milestones

products

Source: ARRC, April 2019

What is also very notable is that in October 2020, both clearing houses LCH and CME will switch
their Price Alignment Interest (PAI) and discounting rates for USD OTC cleared swaps, as well

as some non-USD non-deliverable swaps, from OIS (daily effective Fed Funds rate, or EFFR) to
SOFR. Due to the need to hedge discounting risk, this shift is expected to support the widespread
adoption of SOFR as an interest rate benchmark and could have a positive impact on the liquidity
of SOFR-based products.

With all the SOFR trading activity that has taken place in 2019 and with what is upcoming in
2020, the picture is solidifying over how the switch from OIS to SOFR discounting will impact the
market. Understanding the full effect of this change will be key to understanding its significance With all the SOFR
for trading and risk management going forward. trading activity that
has taken place
in 2019 and with

ANALYZING THE TRANSITION FROM OIS TO SOFR DISCOUNTING what is upcoming

in 2020, the picture

To begin the conversation about the shift to SOFR discounting, | want to focus first on the fact _ -
is solidifying over

that SOFR has shown to be more volatile than EFFR and on how this may impact the associated
discounting. Taking a look at Figure 1A, we see the SOFR curve as well as the associated how the switch
OIS curve constructed on two different days. One is September 30, which happens to be at the from OIS to SOFR
quarter end, when the rate typically shows a noticeable spike; the second day is the valuation discounting will
date of October 2.

impact the market.
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FIGURE 1A
SOFR & OIS Curves: Impact at the Shorter Tenor

SOFR Curves On Sept. 30 vs. Oct. 2, 2019

<
<
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Curve Analytics: Numerix. Data Source: Bloomberg

Before continuing on, | should probably add at this point a brief description of the SOFR curve
itself and the instruments we used to build the curve. In the front of the SOFR curve, up to two
years of tenor, we used the SOFR futures, which are the most liquid SOFR derivatives available ,
in this tenor range. In the context of SOFR discounting, we used SOFR-Fed Funds basis swaps SOFRis

at tenors longer than two years. Note that there are other choices of SOFR derivatives, such as more volatile
SOFR-LIBOR basis swaps, which can result in quite different SOFR curves, mainly due to market day to day
liquidity. Furthermore, curve construction usually involves accommodating events such as

central bank meetings dates and turn effects. So as to keep the focus on curve behavior, than EFFR.
I will avoid all of these fine details that are a part of curve construction, with the exception
of indicating that I applied flat forward interpolation in the front part of the SOFR curve.

Figure 1A also shows that the SOFR rates are 2.35 and 1.85 on September 30 and October 2,
respectively. The difference of 50 basis points (bps) in this overnight rate has an observable impact
on the SOFR curves at the short tenor and up to around 5 years, as seen in Figure 1B below. This
also impacts the corresponding OIS curves, which move very closely with SOFR given that the
basis spread between the two doesn't change by much. This is reflected by the curves on the plot
in Figure 1B. The September 30 curves carry the higher rates in the front due to it being quarter
end, yet on the other hand the October 2 curves are much lower. If you compare the curves, which
represent the one-day forward rate, you may observe that in the front end, the lowest points of
September 30 and October 2 differ by more than 10 bps, which is a considerable difference.

FIGURE 1B
SOFR & OIS Curves: Longer Tenor Behavior

SOFR Curves On Sept. 30 vs. Oct. 2, 2019

Curve Analytics: Numerix. Data Source: Bloomberg
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At the longer tenor range, however, the SOFR curves at the two dates merge to a single curve,
which is partially due to the lack of liquidity of the SOFR derivatives market at that range. Similar
behavior happens to the OIS curve. This means rate fluctuation is only effective for short tenors.

From a risk
perspective,
market risk will now
be dependent on

It is worth mentioning that because the SOFR-Fed Funds basis spread is negative at the front
end of the curve and turns positive at longer tenors on both dates, the SOFR curve crosses the
OIS curve as the tenor increases. As a secured benchmark rate, one would usually expect the
SOFR rate to be lower than the EFFR, due to the latter containing minor risk components. The SOFR instead of
observed sign flip of the basis spread is most likely due to the liquidity of the SOFR market. OIS, and this could

require completely

Of important note, when analyzing market risk associated with the SOFR curve, instead of just i :
different hedging

looking at DVo1 (the dollar value of a one basis point change), which is more of a mathematical
tool and works well when the amplitude of the market movement is limited, using the real vehicles,
market data and the actual constructed SOFR curves on the different dates might be a more
accurate indication of the rate's performance and risk profile.

UNDERSTANDING DISCOUNTING RISK

Many consider the next major milestone in the LIBOR transition, from the perspective of the
introduction of a new market practice, to be SOFR discounting. From a risk perspective, this
means market risk will now be dependent on SOFR instead of OIS, and this could require
completely different hedging vehicles. Thus, an important question market participants need to
ask themselves is, “Are we ready for this transition in discounting method?”

Figure 2 shows, on a set of key tenors, the one-day forward rate as of September 30 compared to
the same calculation on October 2, together with the same comparisons for the discount factors.

FIGURE 2

1 Day Forward Rate & Discount Factor

September 30, 2019

1 Day Forward Rate Discount Factor
QIS SOFR | Difference (Bps)] OIS SOFR | Difference (bps)

1.391% | 1.428% -3.72 0.98606 | 0.98569 3.67
1.2300% | 1.284% -5.38 0.97564 | 0.97460 10.38
1.166% | 1.200% -3.44 0.54415 | 0.94260

1.512% | 1.513% -0.15 0.81297 | 0.81282 1.50
1.649% | 1.639% 1.08 0.74924 | 0.75047 -12.28
1.748% | 1.722% 2.51 0.69286 | 0.69594 -30.76
1.830% | 1.796% 3.38 0.64226 | 0.64653

Curve Analytics: Numerix

October 2, 2019

1 Day Forward Rate Discount Factor

(8]} SOFR | Difference (Bps)] OIS SOFR | Difference (bps)
1.511% | 1.551% -3.93 0.98487 | 0.93448 3.87
1.36006 | 1.418% -5.82 0.97313 | 0.57201 11.18
1.28006 | 1.315% -3.54 0.93901 | 0.93743
1.562% | 1.563% -0.06 0.80790 | 0.80784 0.59
1.696% | 1.684% 1.19 0.74394 | 0.74529 -13.42
1.791% | 1.763% 2.72 0.68767 | 0.69095 -32.82
1.868% | 1.832% 352 0.63756 | 0.64195 | 4360 |

Curve Analytics: Numerix
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The first thing one may notice is that the forward rate difference on the same date between
SOFR and OIS doesn't change by much on the two dates. This is what we expect due to the
market quotes of the basis spread between the two rates. However, if one compares just the
OIS forward rates or just the SOFR forward rates on the two dates, one will see a substantial
amount of difference at the short tenors. There are more than 10 bps differences for the
tenors up to 5 years. As the tenor increases from there, the spread becomes smaller. But still,
even at 30 years the SOFR rates on the two dates differ by more than 3 bps, which is not

a small difference.

In order to understand the impact on the present value of a future cashflow, one should
additionally look at the discount factors. The first observation is that SOFR and OIS discounting

can differ quite a bit, especially at the longer tenors: the 25- and 30-year discount factor As a hedge
differences are above 30 bps and 40 bps, respectively. Meanwhile, even in the 2- to 5-year instrument, the
range, the difference is more than 10 bps, which is not insignificant. SOFR-Fed Funds
At the same time, the difference between the discount factors of OIS and SOFR does not basis swap may be
change much between the two dates. However, the discount factors of the SOFR rate useful because it is
noticeably changes between the two dates, even larger than the difference between the the most relevant

SOFR and OIS discount factor. This would pose a challenge in risk management, given the SOFR instrument
SOFR derivatives market is not liquid enough for efficient hedging.

available

This provides a strong indication that as a hedge instrument, the SOFR-Fed Funds basis swap concerning the
may be useful because it is the most relevant SOFR instrument available concerning the discounting risk.
discounting risk. If one wants to replicate the original OIS DV01, which might already be hedged,
one can use a SOFR-Fed Funds basis swap, cancel out the SOFR cashflow, and replicate the
original sensitivity on the OIS discounting. It is exactly for this reason that CME and LCH will
provide the risk compensation using SOFR-Fed Funds basis swaps when they switch from

OIS to SOFR discounting. It also explains why the cash only compensation is not preferable

as long as the overnight repo market remains volatile. It would capture only a snapshot of the
SOFR-Fed Funds market on the discounting switch date and won't be enough to follow the
subsequent day-to-day market changes, which can have significant impact on P&L.

Before we move on, let's recap some of the key takeaways from this discussion thus far:

- Understanding the full effect of SOFR discounting will be key to understanding its
significance for trading and risk management.

- Market risk will now be dependent on SOFR instead of OIS, and this could require
completely different hedging vehicles.

- As a hedge instrument, a SOFR-Fed Funds basis swap may be more useful because
it is the most relevant SOFR instrument available concerning the discounting risk.

+ CME and LCH will provide the risk compensation using SOFR-Fed Funds basis swaps when
they switch from OIS to SOFR discounting.

PREPARING TO SWITCH FROM LIBOR TO SOFR-BASED
UNDERLYING

One last and very important point that needs to be made is that the discounting switch to SOFR
is just the first step in using SOFR in the derivatives market. The next step will be replacing
LIBOR with SOFR as the underlying of the derivatives market.

There are two considerations regarding how SOFR may impact the underlying of a derivative.
The first is that, even if the derivative may rely on an underlying other than SOFR, the SOFR
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discounting can still have impact on future cashflows. This is because the LIBOR and the
constant maturity swap rate, which frequently compose the underlying of derivatives, are both
dependent on the definition of discounting. As such, the projection of future cashflows will

be different due to the change of the underlying forward, the so-called forward delta.

The second consideration is that it is key to know that LIBOR is used in two difference ways as
the underlying of derivatives, which we need to distinguish as we make the transition to SOFR,
since the switch will bring different sensitivities to bear.

One way is the use of LIBOR-based cashflows for the funding of derivatives. When transitioned
to SOFR, the associated LIBOR risk profile can be replicated using SOFR-LIBOR basis swaps,
which can cancel out the SOFR cashflows and restore the LIBOR sensitivity. Such an approach
has already been used in the sterling market, where SONIA is the alternative reference rate.

The second way regards legacy structure products, such as range accruals, which carry
payments that are dependent on LIBOR-based observations. At the cessation of LIBOR,

the LIBOR rate will be replaced by the in-arrears SOFR rate plus a fixed spread calculated
from a historical median over a five-year lookback period. Due to the static spread, however,
it will not be possible to reproduce the risk component embedded in LIBOR, whose change
will be closely dependent on market stresses.

Nonetheless, in my view, adapting new derivatives to reference SOFR rather than LIBOR
should be relatively straightforward, since participants in the derivatives markets already have
substantial experience with overnight reference rates, such as the Fed Funds rate.

UNDERSTAND WHAT SOFR DISCOUNTING MEANS TO YOUR
BUSINESS

The concluding statement | would like to make is that when you think about the practice of
SOFR discounting for your own business, the likelihood is that your practice will not be static

in terms of how you produce the SOFR curve. It will depend on where market liquidity is moving
at a given time and how you want to address your specific business needs as it regards curve
construction to ensure you always have correct valuations and appropriate risk management.

Also, | want to remind you of that big SOFR transition event coming in October 2020 with
CME and LCH. You will want to know all the details around it and how to cope with it.
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It is important to be aware
of the impact of SOFR
discounting in order to
understand its significance
for derivatives trading
and risk management.

Since market risk will now

be dependent on SOFR
instead of OIS, this could
require the use of completely
different hedging vehicles.

As a hedge instrument,
the SOFR-Fed Funds
basis swap may be more
useful as it is the most
relevant SOFR instrument
available concerning the
discounting risk.

SOFR discounting will
have an impact on the
projection of future
cashflows.

The switch to SOFR as the
underlying of derivatives

will bring different
sensitivities to bear.

Adapting new derivatives

to reference SOFR should

be relatively straightforward,
since market participants
already have experience
with overnight reference
rates, such as the Fed

Funds rate.
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