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How to hit the curveball
By Warren Lovely & Taylor Schleich

The knuckleball. The sinker. The sweeper. Even the good ol heater (or
fastball). When thrown with sufficient malice, all can frustrate batters.
But the curveball surely remains one of the more difficult baseball
pitches to handle. And so it is in bond markets, where a shifting yield
curve can unsettle investors, necessitating no little adjustment.

Here, we offer a detailed study of past and current US yield curve
dynamics, with a clear focus on curve ‘steepeners’ (which looks to
remain the prevailing market condition). Looking back more than a
quarter-century we identify nine ‘major’ yield curve steepeners, which
can be further subdivided into two-dozen ‘'mini’ steepening episodes.

Note: As per Chart 1, we identify/label major curve steepeners from
'A’ through ‘I’ while mini steepening episodes are numbered ‘1’ through
'24'. So '1-24" is not only a midwestern interstate highway but also the
label attached to the latest (and ongoing) steepening period.
Depending on your perspective, the current steepening trend was
initiated as early as March 2023 ('I') or as recently as this June ('24").

More than simply comparing/contrasting US yield curve moves, we
aim to answer a question put to us frequently: 'What impact should a
steeper Treasury curve really have on high-grade credit curves?’ Not
all that surprisingly, the answer to this (and a host of related queries)
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is nuanced. While hard-and-fast rules can be elusive, we present a
collection of ‘stylized facts’ (or at least common tendencies)
attached to yield curve steepeners. We likewise provide some
perspective/context on current curvature, in both rates and credit.

Some additional notes before diving in... In authoring this study, we
focused on the US Treasury market and US investment-grade
corporate bonds. Our corporate credit focus was, in part, a
byproduct of data availability/richness/quality/frequency. A
corporate credit orientation need not invalidate findings for lower-
beta/higher-rated credits/sectors, however. The cut and thrust of
our primarily findings should, in large measure, extend variously to
SSAs, sub-national governments and other public-sector credits.
Moreover, while keying on the US market, many key findings can be
expected to apply to Canada’s domestic bond market. Indeed, it
may be appropriate to follow up with a more Canada-centric study,
quantifying curve tendencies in the highly liquid and actively issued
provi/Crown/PSE sectors. An opportunity for further analysis then.

Finally.. If, having digested the following report, readers find
themselves unsated we would welcome the opportunity for a
detailed follow-on discussion.

Chart L: Setting the stage... two dozen US yield curve steepening episodes in past quarter century
US Treasury 2-10Y yield curve: Major & mini yield curve steepening episodes identified/labeled/numbered | Latest/ongoing episode: ‘1-24’
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Source: NBF, Federal Reserve Economic Data, St. Louis Fed (FRED), Bloomberg (BBG) | Note: Based on daily UST benchmark yields from 1-Jan-97 to 3-Sep-24 (>7,200 obs); major curve
steepeners based on 200D moving avg (red line) labeled ‘A-1’; mini curve steepeners based on 20D moving avg (blue line) numbered '1-24’; current/ongoing steepener is '1-24’
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Chart 2: No two steepeners alike? (Start, end, magnitude vary)
UST 2-10Y yield curve at start/end of major/mini steepening episodes
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Source: NBF, FRED, BBG | Note: Start/end of steepening based on 20D mov avg

Chart 3: Underlying economic condition have likewise varied
US unemployment & inflation rate at onset of major/mini steepening episodes
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Source: NBF, BBG | Note: Based on rate one month prior to start of steepening

Key takeaway(s): Empirical analysis has its merits... and its limitations. In examining past and current yield curve steepeners there’s much to control for (including underlying economic and financial
market conditions). While a tad trite, it may be that ‘no two curve steepeners are alike’. But that won't stop us from presenting a number of key findings / recommendations. Read on...

Chart 4: Extent of steepening a fcn of starting yield (duh)
UST 2-10Y curve steepening vs. starting 2Y yield level: Steepening episodes

350 - o 7

s mmmm Chg in UST 2-10Y yld curve (L) %
300 A -6

—@— UST 2Y yield: Start (R)
250 -5
200 A - 4
150 A -3
100 - % -2
50 A 1
0
1 2-8 9-12 13 |(14-16| 17 18 | 19-21 |22-24*
A B C D E F G H I*

Source: NBF, FRED, BBG

Chart 5: Current yield curve steepener has room yet to run
UST 2-10Y curve steepening vs. starting 2Y yield level: Steepening episodes
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Key takeaway(s): While hardly controversial, the scope for yield curve steepening is partly a function of how rich or cheap rates are to start. Elevated shorter-term yields, like we had in the wake of the
FOMC’s 2022-23 tightening cycle, create more room to steepen (all else equal). To us, the US 2-10Y yield curve still has roughly 40 bps of steepening to go (over the coming year).

Chart 6: Searching for ‘stylized facts' (or common tendencies)

Observed outcomes during UST yield curve steepening episodes
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Source: NBF, FRED, BBG | Note: Based on 9 major/24 mini yield curve steepening episodes
from 1997-2024; reflects share of time tendency observed during steepening window

Ref/context

Chart 7: Steeper yield curve > flatter credit curve (aloose 5:1rule)
Change in UST yield curves & US IG corp credit curves: Steepening episodes
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Source: NBF, FRED, BBG | Note: Reflects average change in yield curves/credit curves
based on 24 mini yield curve steepening episodes earlier identified (see Chart 1)

Key takeaway(s): On common tendencies, pure ‘bull steepeners’ are hardly the rule. Two-thirds of the time, a steeper tilt captures/includes higher longer-term yields. The anticipation of fed easing is
often sufficient to initiate a steepening trend, as has been the case of late. Flatter credit curves are generally (though not always) observed, credit spreads often supported during such periods,
consistent with gains in key risk proxies (like equities). In some instances, a loose 5:1 rule on curves emerges: each 5 bp steepening of a UST curve may key a 1 bp flattening in a credit curve.
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Chart 8: No little amount of adjustment to yield curve... Chart 9: ... but credit curve reaction blunted of late

UST yield curve: Latest vs start of latest steepening episodes ('1-24') US IG corp credit curve: Latest vs start of latest steepening episodes ('-24’)
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Key takeaway(s): Relative to the commencement of the latest major steepening trend back in March 2023, Treasury yields are universally lower while IG corporate credit spreads have compressed
notably. Of note, the most recent bout of steepening (ie since late June 2024) has left spreads little changed, as labour market/recession fears mounted and issuers steered new supply to market.

Chart 10: A look at latest major curve steepener (episode *I')... Chart 11: ... where yield-credit curves inversely correlated
Change in UST yield curves & US IG corp credit curves: Major episode ‘I’ Correlation btw UST yield curves & US IG corp credit curves: Major episode ‘I’
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Source: NBF, FRED, BBG | Note: Refers to period from 10-Mar-23 to 3-Sep-24 Source: NBF, FRED, BBG | Note: Refers to period from 10-Mar-23 to 3-Sep-24

Key takeaway(s): Running the clock back to March 2023, when the latest steepening trend first appeared, the interplay between yield curves and credit curves seems to fit with the empirical record.
That is, steeper yield curves have coincided with flatter credit curves in almost all cases (the very long end a bit unique). But these observed (negative) correlations mask a more recent disconnect...

Chart 12: On yield curve, latest 'mini’ episode not abnormal... Chart 13: ... but credit curve flattening has seemingly stalled...

UST 1/3Y to 10/15Y yield curve: Latest mini steepening vs prior episodes US 1/3Y to 10/15Y IG corp credit curve: Latest mini steepening vs prior episodes
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Source: NBF, FRED, BBG | Note: Avg cumulative chg in yield curve during 24 steepening Source: NBF, FRED, BBG | Note: Avg cumulative chg in corp credit curve during 24 UST yield
episodes since 1997, latest episode ('24') commenced 27-Jun-24 curve steepening episodes since 1997: latest episode ('24') commended 27-Jun-24

Key takeaway(s): More recently, since the latest mini steepener got rolling in late June 2024, the key US 2-10Y yield curve has more or less mimicked a ‘normal’ steepening trajectory. But the earlier
flattening momentum in the corresponding US corporate credit curve has stalled. Mind you, there’s a fairly wide confidence band on credit curve arcs, as past results have varied no little bit.
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Chart 14: ... leaving current credit curve arguably too steep... Chart 15: 10Y credit statistically ‘cheap’ on curve? (all else equal)

US IG corp credit curves: Latest levels & 250D Z-scores UST yield curve vs US IG corp credit curve: Latest major steepening episode
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Source: NBF, FRED, BBG | Note: Latest refers to 3-Sep-24 closes; Z-scores calculated over Source: NBF, FRED, BBG | Note: ~390 observations related to latest major yield curve
latest 250 weekday period (ie roughly 1 year) steepening episode (ie episode 'I'), covering 10-Mar-23 to 3-Sep-24 (latest)
Key takeaway(s): All else being equal, the current US credit curve retains a degree of steepness that appears out-of-line with the underlying Treasury yield curve. Ten-year credit, for example, registers
as cheap on the curve (eg 2-10Y credit curves roughly two standard deviations cheap to the latest 250D trading range). Given the notionally attractive entry point, and in light of our expectation of
continued UST yield curve steepening, we could expect some marginal demand to materialize out the curve... a prospect surely not lost on issuers.

Table: A look at one aspect of NBF's UST yield curve-credit curve study, isolating for representative maturities/curves
UST yield curve steepening episodes (major/mini), including US IG corp credit curve reaction & reference variables: Representative curves (1/3Y to 10/15Y)

UST yield curve (bucket maturities approach) US IG corp credit curve (bucketed maturities approach) Reference/context
UST yield curve steepening episodes UST yield curve: 1/3Y to 10/15Y 113y 10/15Y US IG corp credit curve: 1/3Y to 10/15Y 13Y 10/15Y SPX DXY |FF Upper
ID Start End Weekdays Start End Change Yield change Start End Change Spread change Change | Change | Change
Letter/Number < Dates > # bps bps bps bps/WD % % bps bps bps bps/WD bps bps %-pts. %-pts. bps
1 7-Jul-98 4-Nov-98 86 7 67 60 0.69 -1.29 -0.69 26 25 -1 -0.01 57 56 -5.8 -7.8 -44
2-8 8-Sep-00  15-Aug-03 765 -37 285 322 0.42 -4.45 -1.23! 72 29 -44 -0.06 -33 -76 -345 -14.1 -550
11-Dec-06 24-Feb-10 837 -16 302 318 0.38 -3.87 -0.69 57 43 -14 -0.02 112 98 -225 -4.6 -500
13 19-Oct-10  10-Feb-11 82 232 303 71 0.86 0.27 0.98 75 60 -15 -0.18 -16 -30 124 0.0 0
2-Aug-12  1-Jan-14 369 144 271 127 0.34 0.15 142 112 97 -15 -0.04 -63 -78

17 16-Feb-15  15-Jul-15 107 139 184 45 0.42 0.09 0.54 98 104 6 0.05 , 6
18 8-Sep-16  26-Dec-16 77 91 139 48 0.63 0.43 0.91 125 92 -33 -0.43 7 -26
19-21 12-Sep-19  12-Apr-21 412 5 164 160 0.39 -1.41 0.19 110 75 -35 -0.09 -14 -49
22-24* 10-Mar-23  3-Sep-24 72 0.19 -0.70 0.03 97 57 -40 -0.10 -9 -49
Average
Max
Min

Major UST yield curve
steepening episodes

1 7-Jul-98  4-Nov-98 86 7 67 60 0.69 -1.29 -0.69 26 25 -1 -0.01 57 56

2 8-Sep-00  18-Oct-00 28 -37 -9 27 0.97 -0.21 0.06 72 68 -5 -0.16 -1 -5

3 20-Dec-00 12-Feb-01 38 -13 56 69 181 -0.86 -0.17 48 35 -13 -0.34 -8 -21

4 6-Mar-01  11-Jul-01 91 54 143 89 0.97 -0.64 0.24 40 59 19 0.21 -33 -14

5 11-Sep-01  23-Jan-02 96 135 231 96 1.00 -0.80 0.16 64 46 -18 -0.18 26 9

6 12-Apr-02  9-Aug-02 85 199 244 45 0.53 -1.20 -0.75 15 33 17 0.21 51 68

7 10-Oct-02  28-Jan-03 78 210 253 43 0.55 -0.14 0.28 27 15 -12 -0.15 -75 -87

8 17-Jun-03  15-Aug-03 43 227 285 58 135 0.45 1.03 26 29 3 0.07 -19 -16

9 11-Dec-06  18-Mar-08 331 -16 204 219 0.66 -2.93 -0.74 57 -3 -60 -0.18 193 133

10 4-Jul-08  18-Nov-08 97 147 251 104 1.07 -1.33 -0.29 -19 -269 -250 -2.58 497 247

11 14-Jan-09  17-Jun-09 110 173 280 107 0.97 0.33 1.40 -178 -68 110 1.00 -289 -179 38 2.2 0
12 23-Oct-09  24-Feb-10 88 262 302 41 0.46 -0.06 0.35 -6 43 49 0.55 -87 -38 15 51 0
13 19-Oct-10  10-Feb-11 82 232 303 71 0.86 0.27 0.98 73 60 -15 -0.18 -16 -30 124 0.0 0
14 2-Aug-12  21-Feb-13 145 144 193 49 0.34 0.03 0.52 112 87 -25 -0.17 -45 -70 11.2 -3.8 0
15 6-May-13  12-Sep-13 93 171 257 87 0.93 0.23 1.10 100 94 -6 -0.07 8 2 4.7 -0.9 0
16 4-Nov-13  1-Jan-14 42 245 271 26 0.62 0.04 0.30 97 97 -1 -0.02 -10 -11 4.6 0.4 0
17 16-Feb-15  15-Jul-15 107 139 184 45 0.42 0.09 0.54 98 104 6 0.05 1 6 20 16 0
18 8-Sep-16  26-Dec-16 77 91 139 48 0.63 0.43 0.91 125 92 -33 -0.43 7 -26 2.8 7.0 11

19 12-Sep-19  10-Jan-20 86 5 37 33 0.38 -0.01 0.32
20 28-Feb-20  12-Jun-20 75 23 66 43 0.57 -1.16 -0.73
21 11-Aug-20 12-Apr-21 174 56 164 108 0.62 0.04 113
22 10-Mar-23  7-Apr-23 20 -81 -52 30 149 -0.68 -0.38
23 12-Jul-23  1-Nov-23 80 -95 -23 72 0.90 0.26 0.99

24* 27-Jun-24
Average Mini UST vield curw 92 93 160 67 0.81 -0.41 0.26
Max T YIS 331 262 303 219 181 0.45 1.40

- steepening episodes
Min 20 -95 -52 26 0.34 -2.93 -0.75

Source: NBF, FRED, BBG | Note: The above table aims to give a flavour of our empirical study; results are drawn from detailed data set of daily (weekday) UST bonds & US investment-
grade corporate bonds sourced from the St. Louis Fed & Bloomberg; our available sample ranges from Jan-97 to Sep-24, representing over 7,200 weekday observations; using 20-
& 200-day moving averages, mini/major UST yield curve steepening episodes were identified/labeled (refer to Chart 1 for illustration); the above table isolates for these steepening
episodes, with separate analysis conducted on stable/flattening yield curve environments; of note, US investment-grade corporate bond yields & spreads to the UST curve are based
on a maturity bucket approach (eg 1/3Y, 3/5Y, 5/7Y, 7/10Y, 10/15Y, 15Y+); matching buckets were generated for USTs; in all, 6 maturity buckets were studied, with 15 individual yield
curves & credit curves examined; to ease digestibility, the above table presents results for a single representation yield curve-credit curve relationship, that relating to the 1/3Y &
10/15Y maturity buckets; all yield/spread/curve/reference levels & changes are based on 20-day moving average to smooth daily volatility

3-Sep-24
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General

This Report was prepared by National Bank Financial, Inc. (NBF), (a Canadian investment dealer, member of CIRO), an indirect wholly owned subsidiary of
National Bank of Canada. National Bank of Canada is a public company listed on the Toronto Stock Exchange.

The particulars contained herein were obtained from sources which we believe to be reliable but are not guaranteed by us and may be incomplete and may
be subject to change without notice. The information is current as of the date of this document. Neither the author nor NBF assumes any obligation to update
the information or advise on further developments relating to the topics or securities discussed. The opinions expressed are based upon the author(s) analysis
and interpretation of these particulars and are not to be construed as a solicitation or offer to buy or sell the securities mentioned herein, and nothing in this
Report constitutes a representation that any investment strategy or recommendation contained herein is suitable or appropriate to a recipient’s individual
circumstances. In all cases, investors should conduct their own investigation and analysis of such information before taking or omitting to take any action in
relation to securities or markets that are analyzed in this Report. The Report alone is not intended to form the basis for an investment decision, or to replace any
due diligence or analytical work required by you in making an investment decision.

This Report is for distribution only under such circumstances as may be permitted by applicable law. This Report is not directed at you if NBF or any affiliate
distributing this Report is prohibited or restricted by any legislation or regulation in any jurisdiction from making it available to you. You should satisfy yourself
before reading it that NBF is permitted to provide this Report to you under relevant legislation and regulations.

National Bank of Canada Financial Markets is a trade name used by National Bank Financial and National Bank of Canada Financial Inc.
Canadian Residents

NBF or its affiliates may engage in any trading strategies described herein for their own account or on a discretionary basis on behalf of certain clients and as market
conditions change, may amend or change investment strategy including full and complete divestment. The trading interests of NBF and its affiliates may also be
contrary to any opinions expressed in this Report.

NBF or its affiliates often act as financial advisor, agent or underwriter for certain issuers mentioned herein and may receive remuneration for its services. As
well NBF and its affiliates and/or their officers, directors, representatives, associates, may have a position in the securities mentioned herein and may make
purchases and/or sales of these securities from time to time in the open market or otherwise. NBF and its affiliates may make a market in securities mentioned
in this Report. This Report may not be independent of the proprietary interests of NBF and its affiliates.

This Report is not considered a research product under Canadian law and regulation, and consequently is not governed by Canadian rules applicable to the
publication and distribution of research Reports, including relevant restrictions or disclosures required to be included in research Reports.
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UK Residents

This Report is a marketing document. This Report has not been prepared in accordance with EU legal requirements designed to promote the independence of
investment research and it is not subject to any prohibition on dealing ahead of the dissemination of investment research. In respect of the distribution of this
Report to UK residents, NBF has approved the contents (including, where necessary, for the purposes of Section 2(1) of the Financial Services and Markets Act
2000). This Report is for information purposes only and does not constitute a personal recommendation, or investment, legal or tax advice. NBF and/or its
parent and/or any companies within or affiliates of the National Bank of Canada group and/or any of their directors, officers and employees may have or may
have had interests or long or short positions in, and may at any time make purchases and/or sales as principal or agent, or may act or may have acted as
market maker in the relevant investments or related investments discussed in this Report, or may act or have acted as investment and/or commercial banker
with respect hereto. The value of investments, and the income derived from them, can go down as well as up and you may not get back the amount
invested. Past performance is not a guide to future performance. If aninvestmentis denominated in a foreign currency, rates of exchange may have an adverse
effect on the value of the investment. Investments which are illiquid may be difficult to sell or realise; it may also be difficult to obtain reliable information about
their value or the extent of the risks to which they are exposed. Certain transactions, including those involving futures, swaps, and other derivatives, give rise to
substantial risk and are not suitable for all investors. The investments contained in this Report are not available to retail customers and this Report is not for
distribution to retail clients (within the meaning of the rules of the Financial Conduct Authority). Persons who are retail clients should not act or rely upon the
information in this Report. This Report does not constitute or form part of any offer for sale or subscription of or solicitation of any offer to buy or subscribe for
the securities described herein nor shall it or any part of it form the basis of or be relied on in connection with any contract or commitment whatsoever.

This information is only for distribution to Eligible Counterparties and Professional Clients in the United Kingdom within the meaning of the rules of the Financial
Conduct Authority. NBF is authorised and regulated by the Financial Conduct Authority and has its registered office at 70 St. Mary Axe, London, EC3A 8BE.

NBF is not authorised by the Prudential Regulation Authority and the Financial Conduct Authority to accept deposits in the United Kingdom.
EU Residents

With respect to the distribution of this report in the member states of the European Union ("EU") and the European Economic Area ("EEA") by NBC Paris, the
contents of this report are for information purposes only and do not constitute investment advice, investment research, financial analysis or other forms of
general recommendation relating to transactions in financial instruments within the meaning of Directive 2014/65/EU of the European Parliament and of the
Council of 15 May 2014 ("MiFID 2"). This report is intended only for professional investors and eligible counterparties within the meaning of MiFID 2 and its contents
have not been reviewed or approved by any EU/EEA authority. NBC Paris is an investment firm authorised by the French Prudential Control and Resolution
Authority (“ACPR") to provide investment services in France and has passported its investment services throughout the EU/EEA under the freedom to provide
services and has its registered office at 8 avenue Percier, 75008 Paris, France.

NBF is not authorised to provide investment services in the EU/EEA.
US Residents

With respect to the distribution of this report in the United States of America, National Bank of Canada Financial Inc. ("NBCFI”) which is regulated by the Financial
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