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1 Introduction

With short-term interest rates at the effective lower bound during both the Great Recession
and the COVID-19 Recession, central banks around the world adopted policies of quantitative
easing (QE), buying large quantities of government bonds, or other similar assets, to further
ease financial conditions. QE policies can be divided into those that buy a fixed quantity of
bonds and those that target, or cap, a particular yield, collectively known as yield curve control
(YCC) policies. Since the mid-1980s, conventional monetary policy in most economies transi-
tioned from targeting monetary (or reserve) aggregates to short-term interest rates. Instead,
nearly all QE programs to-date have specified fixed quantities of purchases. An exception to
this practice is the policy experiment by the Reserve Bank of Australia (RBA), which, between
March 2020 and November 2021, targeted the yield on three-year Australian government bonds
(AGBs). Measuring the effects of quantity-based QE outside the initial announcement windows
has been an elusive task, but the transparency of explicit yield targets and maturities in YCC
provide direct yardsticks to evaluate QE policies.

We study the effects of YCC by fitting smoothed yield curves to AGBs and other fixed in-
come assets that are close substitutes, and fitting an affine term structure model to decompose
yields into expectations and term premium components. We find that YCC can achieve targets
on the selected security, but the effects of YCC are otherwise narrow with limited spillovers on
prices of other financial instruments, and even AGBs with maturities only slightly longer than
the AGBs targeted by YCC. Liquidity effects dominate broader preferred-habitat and portfolio-
balance channels (Vayanos and Vila, 2021), or signaling effects about the future path of short-
term rates (Bauer and Rudebusch, 2014). Collectively, these findings suggest that QE policies
ease financial conditions but in a much narrower sense than previously thought (Bernanke,
2012, for example).

The Australian YCC experiment is not the first of its kind. Starting in 1942, in an effort to
lower the cost of financing war efforts, the Federal Reserve capped interest rates on Treasury
securities at % percent for bills, a cap that was subsequently raised to 1 percent in 1947, and
at 2 percent for the longest term Treasury bonds (Toma, 1992). In modern times, the Bank of
Japan adopted a YCC policy in 2016, pegging yields on ten-year Japanese Government Bonds
around zero. The idea of targeting a price has been considered by economists (Bernanke, 2002)
and was noted in the minutes of the June 2020 FOMC meeting, but it has not been adopted in
the U.S. since the Treasury accord of 1951. The Japanese experience is of limited relevance to
the U.S,, since Japan is so intractably stuck at the zero lower bound. For most other economies,
the Australian YCC experiment is the most pertinent application in modern times.

Under YCC, the central bank targets one or more points on the government bond yield
curve by pledging to buy enough securities to keep the rate at the target. We consider a simple
multi-asset model in the spirit of Vayanos and Vila (2021) to interpret the empirical evidence.



We show that YCC shares much of the same features as QE. Both policies affect directly tar-
geted yields, as well as other yields, via a portfolio balance channel, a signaling channel, and
an asset-specific liquidity channel. The portfolio balance and signaling channels are “broad”
channels and have similar effects on comparable fixed income assets other than those targeted.
In contrast, the asset-specific liquidity effect is narrow to the targeted type of asset, or indeed
very narrow to the specific targeted security with essentially no spillovers to other maturities
or assets. In YCC, the central bank also gives up control of the size of its balance sheet in order
to peg rates.

The early experience with YCC appeared to be favorable. The yield on the targeted April
2023 government security fell nearly 25 basis points following the (unexpected) policy an-
nouncement on March 19, 2020. Essentially all risk-free Australian interest rates at maturities
out to a few years were pushed down close to zero, suggesting that YCC may have reinforced
forward guidance via a signalling channel (Bauer and Rudebusch, 2014) and /or put downward
pressure on term premia via portfolio balance — both broad channels. While the RBA bought
large amounts of the targeted security in March and April 2020, it then largely stopped and
the YCC targeted was achieved without needing actual purchases. This is much as the Federal
Reserve was historically able to announce a target for the funds rate and achieve it with little
in the way of open market operations (Friedman and Kuttner, 2010). In some ways, this ex-
perience also resembled the experience of the BOJ with YCC as it achieved its yield target on
the 10-year yield with only limited purchases. Yet, the RBA implemented forward guidance
policy as well around the same time, noting that it did not expect to increase the cash rate until
inflation moved within the 2-3 percent band, which they did not expect to reach before at least
3 years.

However, a narrow liquidity channel of YCC operated already in 2020, as evidenced by
a 20 basis point reduction in the spread between AGBs and other comparable fixed-income
instruments such as overnight indexed swaps or Australian government bonds issued by states
and territories. As the global recovery gained momentum in 2021 and market expectations
for liftoff of policy interest rates were moved forward, the limited spillovers of YCC on other
yields became much more evident. The RBA purchased substantial quantities of the April 2024
bond—then the target bond—in order to achieve the target and ended up buying the majority
of the outstanding security. A kink developed in February 2021 in the AGB yield curve at the
April 2024 maturity. Moreover, the AGB yield curve became disconnected from other short-
term interest rates, notably the overnight indexed swap (OIS) curve and even state government
bond yield curves. We estimate the yield response of AGB yields to YCC purchase operations,
and also find that the “flow effects” of YCC were narrow with a sizeable effect on the specific
CUSIP but little spillover on other AGBs, OIS expectations or term premia.

The signaling channel of quantitative easing suggests that these policies can successfully
reinforce forward guidance. But an affine term structure model indicates that the YCC tar-
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get became inconsistent with policy expectations in 2021, suggesting that the effect is limited
in practice when the stated commitment differs substantially from what market expectations
would otherwise be, which is, exactly when such a reinforcing commitment could otherwise be
most valuable. In March 2020, the RBA provided forward guidance that it would not raise the
cash rate target before inflation and employment moved towards its goals, which in November
2020, the RBA stated that it did not expect to achieve before at least three years. Despite this
guidance and the accompanying YCC target, once inflation rose, policy expectations moved
up.

A high-frequency sensitivity analysis of OIS rates to news under YCC in Australia versus
New Zealand, where no YCC policies were implemented, also shows that once YCC guidance
diverged from the expected market path of the cash rate in 2021 it ceased to impact OIS rates
in Australia.

The yield on the Apr-24 AGB jumped after higher than expected inflation data on October
27, 2021, the RBA declined to intervene, formally discontinued the YCC target on November
2, 2021 and softened its longstanding forward guidance that conditions for an increase in the
cash rate were unlikely to be met before 2024. It is important to emphasize that the forward
guidance given by the RBA was quite clear and did not imply that liftoff from the effective
lower bound was imminent. Australia experienced much less inflation than the U.S. For the
year ending December 2021, headline (core) CPI rose by 3.5 (2.9) percent over the previous 12
months, which is only slightly above the range targeted by the RBA. As late as November 2021,
Governor Lowe commented at a press conference that “I still struggle with the scenario in which
rates need to be raised next year. Things would have to turn out very, very differently than what we
currently expect.” Thus, the circumstances were ones where YCC had the potential to reinforce
forward guidance, but did not seem to do so.

The Australian experience is informative about how QE works more generally. When a cen-
tral bank purchases a fixed quantity of assets, we have to assess what happens to the price of
that asset and then the price of close substitutes.! Event-study evidence suggests that central
bank asset purchases have large effects on asset prices (Gagnon et al., 2011; Vissing-Jorgensen
and Krishnamurthy, 2011), but at the same time, the event-study only identifies the impact ef-
fect while long-run effects may be smaller (Wright, 2012; Hanson et al., 2021; Greenlaw et al.,
2018). But when the central bank targets a price, there is no ambiguity about the impact on
the price of the asset being bought. The question simply becomes whether the price impact is
very narrow (applying only to the asset whose price is fixed) or broader. Before the recovery
gained momentum, all short-term interest rates in Australia were close to zero and there is no
real way of parsing the relative importance of a weak economy, forward guidance, or YCC. It

is indeed possible that YCC played a role at this point. But we find that as the global economic

!We take the view that QE works through asset prices not through the volume of reserves per se (Bernanke,
2009).



recovery took hold, the price of the bond being targeted became disconnected from the rest of
the fixed-income universe. This points to a rather narrow channel for QE more generally. In the
paper we distinguish between broad (duration and signaling), narrow (asset class specific) and
super-narrow (CUSIP) channels. Our labels are different from those used in the recent work of
Krishnamurthy (2022). He only labels policies that affect current of expected future short rates
as “broad” and all other unconventional policies, including duration and term premium ef-
fects, are “narrow”. We, instead, classify duration and signaling effects as broad because prior
studies (Vayanos and Vila, 2021; Bauer and Rudebusch, 2014) and our model suggest that they
transmit to other long-duration assets and not just government bonds subject to central bank
operations. Broad and narrow channels of QE that we discuss fall within the demand system
asset pricing approach of Koijen and Yogo (2019) but imply different degrees of substitutability
across assets. Narrow channels of QE have been pointed out in other recent studies. In the
U.S., Di Maggio et al. (2020) show that purchases of mortgage backed securities by the Fed had
the biggest macroeconomic impact because these alone directly affected the borrowing costs of
homeowners. Consistent with this finding, Vissing-Jorgensen and Krishnamurthy (2011) and
Boyarchenko et al. (2019) find that Fed purchases of agency MBS had a disproportionate ef-
fect on agency MBS and, even more strongly, current coupon MBS that were directly targeted.
For the UK, Joyce et al. (2020) show that the Bank of England’s QE program targeting Gilts
widened spreads of Gilts to OIS. For the Euro area, Altavilla et al. (2014) find that the ECB’s
Outright Monetary Transaction announcements lowered peripheral spreads but left core Eu-
ropean yields unaffected. Lastly, our findings that actual purchase operations affected prices
of AGBs are consistent with findings of D’Amico and King (2013) of “flow effects” of Fed as-
set purchases and also consistent with studies on the impact of primary market issuance in
Treasury auctions on yields (see, for example, Duffie, 2010; Lou et al., 2013; Droste et al., 2021).

The plan for the remainder of this paper is as follows. In section 2, we provide background
on monetary policy in Australia and describe the timeline of monetary policy events in more
detail. Section 3 describes a simple model for interpreting the Australian experience with yield
curve control. In section 4, we present data sources, fit yield curves and an affine term structure
model to AGBs. Section 5 contains our main empirical evidence on the effects of YCC. Section 6

concludes.

2 Monetary policy in Australia

The monetary policy decision-making body of the RBA is the Reserve Bank Board, which is
composed of the Governor, Deputy Governor and seven other members. The Reserve Bank
Board sets targets for interest rates to achieve the objectives set out in the Reserve Bank Act
of 1959: the stability of the currency, the maintenance of full employment and the economic



prosperity and welfare of the people of Australia. Since the early 1990s, these objectives have
found practical expression in a target for the medium-term average of consumer price inflation
of 2-3%.

The Board meets eleven times per year, on the first Tuesday of the month except in January.
Monetary policy decisions are communicated publicly at 2:30 pm on the day of each Board
meeting. The Board also communicates to the public via other means: the minutes of the
monetary policy meetings published two weeks after each meeting, four yearly Statements on
Monetary Policy, bi-annual testimonies of the Governor before the House of Representatives
and monetary policy speeches by the Governor and Deputy Governor.

In recent decades, the Reserve Bank has set monetary policy by targeting the cash rate,
which is an inter-bank overnight rate. In Australia, most deposits and loans have variable or
short-term fixed rates, so there is a high pass through of changes in these overnight rates to
deposit and lending rates. In contrast to the experience in the U.S. and Euro area, the cash rate
in Australia remained well above the zero-lower bound during the Global Financial Crisis. It
has, however, drifted lower in recent years, reaching 1.5% in June 2019 and 0.75% in February
2020.

As the COVID-19 pandemic took hold around the globe in February 2020, and against a
backdrop of rapidly deteriorating economic conditions, the Reserve Bank Board put in place a
comprehensive set of easing policies, summarized in Table 1. In March 2020, the Board lowered
the cash rate to 0.25% and announced new, and unprecedented, “unconventional” monetary
policy easing measures as the cash-rate effectively hit the zero lower bound for the first time.

The Reserve Bank implemented a yield curve control policy (YCC) by announcing in March
2020 that it would stand ready to purchase Australian government securities (AGBs) in the sec-
ondary market via long-dated open market operations (OMOs) to target a yield of 0.25%, which
was set to to equate the target for the cash rate. The targeted maturity was the closest to three
years: the Apr-23 issue until October 29, 2020 and the Apr-24 thereafter. On 3 November 2020,
the Board announced that it had lowered both the cash rate and YCC targets to 0.1 percent. In
April 2021, the RBA announced that it would decide whether, or not, to roll the target to the
next maturity of November 2024. At their July meeting, they decided not to do so and, instead,
continued to apply the target to the Apr-24 bond. By fixing the target at a particular maturity
calendar date, the RBA seemingly constructed an exit strategy from YCC. But on November 2,
the RBA abandoned the strategy after that the targeted bond yield rose well above the target
yield in the second half of October.

YCC policies were paired with forward guidance about the future path of the cash rate. In
March 2020, the Board first stated in its post-meeting media release that it would not raise the
cash rate target until progress was made towards full employment and it was confident that
inflation would be sustainably within the 2-3 per cent target band. This forward guidance was
further strengthened in the November 2020 media release, which stated that given its projection
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Table 1: Timeline of monetary policy actions taken by the RBA between 2020 and 2021.
This Table summarizes the timeline of major monetary policy decisions by the Reserve Bank
of Australia (RBA). Except for events on October 20, 2020 and October 27, 2021, sources are
statements by the Governor on monetary policy decisions, which are released after meetings of
the Reserve Bank Board, which is the monetary policy decision-making body.

Date Action
March 3, 2020 Cash rate cut to 0.5%
March 19, 2020 Cash rate cut to 0.25%

YCC introduced: target of 0.25% on Apr-23 AGB
Forward guidance: “The Board will not increase the cash rate target
until progress is being made towards full employment and it is con-
fident that inflation will be sustainably within the 2-3 per cent target
band.”
Term funding facility for banks for 3-years at 0.25%
Exchange settlement (ES) balance set at 0.1%
Daily repo operations; AGB and semi purchases to improve market
liquidity

October 20, 2020 YCC target bond rolls from Apr-23 to Apr-24 AGB

November 3, 2020 Cash rate cut to 0.1%
QE program introduced: A$100bn through April 2021 targeting 5-
10y AGBs and Semis
YCC target reduced to 0.1%
Forward guidance: Board is not expecting to increase the cash rate
for at least three years.

February 2, 2021 QE program expanded to A$150bn; purchases until Nov 2021 with
rate of A$5bn per week

July 6, 2021 YCC target bond Apr-24 AGB retained
QE tapering at A$4bn per week after September at least through
mid-Nov 2021

September 7, 2021 QE at A$4bn per week until mid February 2022
October 27, 2021 YCC effectively abandoned: RBA declined to intervene following
spike in target bond yield

November 2, 2021 YCC officially abandoned
Forward guidance: [RBA] will not increase the cash rate until actual
inflation is sustainably within the [...] target range. [...] is likely to
take some time. [...] Board is prepared to be patient




for the path of employment and inflation, the Board did not expect to increase the cash rate for
at least three years — that is, until 2023. This time commitment was removed in November
2021, when the post-meeting media release dropped a reference to the three year horizon and
instead stated that it would be “patient” and that it would take some time for inflation to return
sustainably to its target range.

The Reserve Bank Board also purchased bonds for reasons other than implementing the
YCC target. These purchases included both AGBs and Australian state and territory govern-
ment securities, commonly referred to as the semi-government securities or “semis,” . Starting
in March 2020, purchases were aimed at improving deteriorating market liquidity and reduce
market dislocations and included both AGBs and semis. In November 2020, the Reserve Bank
Board announced a more traditional QE program targeted towards AGBs and semis in the 5-10
year sector, which was formally known as the Bond Purchase Program. The formal announce-
ment was foreshadowed by a speech of Governor Lowe’s on October 16, 2020. The QE program
was aimed at easing financial conditions by lowering longer-term interest rates over and above
the indirect effect of YCC in the 3-year sector. This round of QE also specifically targeted a
given program amount, which was first set to be A$100 billion to be spent through April 2021.
The program size was then increased to A$150 billion with a target end date of November 2021,
implying weekly purchases of about A$5 billion. At the July 6 meeting, the Board announced
the tapering of QE by communicating that it had decided to reduce purchases to A$4 billion per
week starting in September, and that this pace would have been maintained through Novem-
ber At the September meeting the Board announced its intention to maintain the A$4 billion
pace through February 2022.”

The rest of the paper focuses on the effects of purchases by the RBA of AGBs, which were
targeted by YCC. Figures 1, 2 and 3 summarize key features of RBA purchases of AGB securities
under long-dated OMOs and Bond Purchase Program. Long-dated OMOs (referred to as YCC
purchases thereafter) included purchases to implement the YCC target and to support liquidity
in the AGB market in the spring of 2020. Purchases under the Bond Purchase Program (in short
QE purchases thereafter) were used to implement QE.

The orange bars in Figure 1 show the distribution of daily YCC purchases between March
2020 and October 2021. The blue bars in the Figure are daily QE purchases starting on the
day after the QE announcement on November 3, 2020. The Figures reveal key differences be-
tween purchases under the two programs. First, YCC purchases were irregular in size and
ranged from zero on most days to A$5 billion on March 20, 2020, which is the day after the

program was announced. In contrast, QE daily purchases were frequent and essentially al-

2The Reserve Bank also announced in March 2020 that it would provide a Term Funding Facility (TFF) for the
banking system to lower funding costs for banks. Under the drawdown period for the TFF, banks had access to
new 3-year funding at 0.25%, which was an interest rate substantially below their funding costs. The TFF closed
to new drawdowns in June 2021.



Figure 1: RBA purchases under long-dated OMOs and bond purchase programs. This fig-
ure plots daily purchases of Australian government bonds (AGBs) under the RBA’s long-dated
open market operations (OMOs), which include both YCC and market functioning purchases,
and under the bond purchase program (quantitative easing, or QE). Daily purchases under
each program typically included multiple CUSIPs. The orange line represents cumulative pur-
chases under OMOs.
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Figure 2: Cumulative RBA purchases under long-dated OMOs and bond purchase pro-
grams. This figure plots cumulative purchases of Australian government bonds (AGBs) under
the RBA’s long-dated open market operations (OMOs), which include both YCC and liquidity
purchases, and under the bond purchase program (quantitative easing, or QE). The left panel
shows purchases in A$ and the right panel as a share of total amount outstanding.
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Figure 3: Distribution of cumulative RBA purchases against amounts held by holders. This
figure plots cumulative purchases of Australian government bonds (AGBs) under the RBA's
long-dated open market operations (OMOs), which include both YCC and liquidity purchases,
and under the bond purchase program (quantitative easing, or QE) as of Dec 31, 2020 and Dec
31, 2021, and those held by other investors.
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ways of equal total amount. YCC purchases were also front-loaded in the spring of 2020 as
indicated by the cumulative purchase (orange) line in the chart. By November 2021, when the
program ended, YCC purchases cumulated to about A$70 billion, but only A$10 billion were
purchased in 2021. Total YCC purchases accounted for about 8% of total AGBs outstanding by
the end of 2021 (Figure 2, right panel). In contrast, QE purchases were much larger at about
A$200 billion and accounted for about 22% of total AGBs outstanding. Purchases under the
two programs also differed across maturities. As shown in Figure 3, YCC were largely concen-
trated in shorter-dated maturities, with large purchases in the Apr-23 and Apr-24 issues that
accounted for the vast majority of outstanding amounts both as of December 2020 and 2021.
QE purchases had longer weighted average maturity and also accounted for large fractions of
total AGB outstanding by the end of 2021.

3 Model

We consider a simple model in the spirit of Vayanos and Vila (2021) and Greenwood et al.
(2010) to interpret the empirical evidence in the next Section. We use the model to illustrate the
different channels through which YCC affects yields on AGBs targeted by YCC and spillovers
on longer-dated AGBs and swaps. We also use the model to illustrate differences between
YCC and quantity-based unconventional policies. The key takeaways of the model are that,
tirst, YCC shares much of the same features of quantity-based unconventional purchase pro-
grams. YCC affects yields via a portfolio balance channel, a signaling channel, and a security-
specific liquidity channel. Second, the portfolio balance and signaling channels are “broad”
channels. These broad channels have similar effects across all fixed income securities, either
directly targeted or not, with loadings that depend on the security’s duration. In contrast, the
asset-specific liquidity effect is a narrow channel and is specific to the asset class targeted by
YCC. Lastly, when the YCC policy is inconsistent with the path of short-term rates or yields on
other comparable-maturity assets, YCC has very narrow effects on the targeted AGB with no
spillovers to other assets. This “super-narrow” channel, which was prevalent during much of
2021, is not shared with quantity-based policies more in general.

There are four dates: 0, 1, 2 and 3. Short-term interest rates are exogenous and determined
by monetary policy through an infinitely elastic storage technology. The short-term rate from
0 to 1, denoted as rq, is known at time 0. Short-term rates from 1 to 2, denoted as r», and from
2 to 3, denoted as r3, are unknown at time 0, have means y; and variances (71-2 fori = 2,3, and
are independent of each other. In addition, default free two- and three-period bonds B ;) and
B(3) exist that pay one unit of wealth at times 2 and 3, and trade at time 0 with prices of PPe)
and PPe), respectively. In contrast to the short-term rate technology, the supply of these bonds

is fixed, their prices are determined endogenously and reflect unconventional policies. Given
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date 0 prices, yields on the bond are Y?() = (PB (i>> "1 for maturities i = 2,3. We primarily
study the effects of unconventional policies on the 2-period bond. We also include the 3-period
bond in the model to study cross-maturity spillovers. To understand spillovers on other assets,
the model also features two- and three-period swaps S(,) and S3) that pay one unit of wealth
at times 2 and 3 and trade at time 0 with prices of P°® and P°®) respectively, which are also
determined endogenously.

Payoffs of bonds and swaps with same maturities are identical but their market price can
differ reflecting their relative supply, and the fact that investors face other non-pecuniary costs
to taking positions in these assets. These costs include liquidity and transaction costs, as well
as balance sheet costs, resulting from regulation, or leverage constraints. In the U.S., for ex-
ample, since the Great Financial Crisis, regulatory reforms to boost macro-financial stability
impose constraints on dealers” balance sheet capacity (Duffie, 2018). The supplemental lever-
age ratio (SLR) introduced with the Basel III regulatory framework constraints leverage for
banks—especially for globally systemically important banks —irrespective of risk-weighting
for both on-balance-sheet assets, and off-balance-sheet exposures, such as swaps. Other limi-
tations on proprietary trading (such as the Volker rule) and the liquidity coverage ratio (LCR)
similarly increases the cost of holding positions in fixed income assets, even if default-free.

The central bank can affect P’ via unconventional monetary policy by purchasing the
two-period bond (or selling) B;), in quantity CP@). We assume that the central bank does not
transact in the swap S ;). We define YCC as a program that sets the yield on the 2-period bond
YP® to be equal to a target Y*.

There are four agents: preferred-habitat investors, arbitrageurs, the government and the
central bank. Preferred-habitat investors demand at time 0 a quantity H® of the i-period assets
for i = 2,3. We assume that H() is all invested in B(i) if Y5 — yBe) < «; otherwise H() is
all invested in S(;). Thus the preferred-habitat investors are inelastic across maturity, but their
demands have some elasticity within maturity consistent with the downward sloping demand
curves of Vayanos and Vila (2021).°

The government issues a dollar quantity of bonds Q" for i = 2,3, and the swap S (i) for
i = 2,3 isin zero-net supply. This is without loss of generality because to solve the arbitrageur’s
optimization we only need to keep track of the time-0 excess supply net of preferred-habitat
quantities demanded. Let g?0 = QB0 — HO x I(Y’® — YB2) < k) and 4°0 = —H® x I(Y°@ —
YP@) > k) be the residual supplies to arbitrageurs net of the preferred-habitat demands. After
taking into account the central bank’s unconventional policy, arbitrageurs hold a total gP@ —
CP@ of bonds B(3). We assume that this quantity cannot be negative because the central bank
does not allow shorting. This is consistent with experience in Australia as the RBA limited

the extent to which investors could borrow, and thus short, securities from its portfolio. If

3The threshold-like formulation is immaterial but yields equilibrium conditions in closed form.

12



CBo = qB (), then the central bank buys the full amount not wanted by the preferred habitat
investors and pays a price corresponding to Y*. On the other hand, the arbitrageurs” holdings
of the swap can be either positive or negative, and match the position of the preferred habitat
investors because they are in zero net supply.

As in Vayanos and Vila (2021), arbitrageurs are risk-averse and have limited risk bearing
capacity. We depart from their specification in also assuming that arbitrageurs face additional
asset-specific non-pecuniary costs to investing. Arbitrageurs finance their positions by bor-
rowing short term. They have risk tolerance o and non-pecuniary marginal costs 65 and 05
to taking positions a®0 and %0, Arbitrageurs start with zero wealth, wy = 0, and choose
a°0 and 2% to maximize mean-variance preferences of expected wealth at time 2, w,, net of
balance sheet and transaction costs.

Arbitrageurs sell the three-period bonds and swaps in the open market in period 2. The
price is set exogenously to equate its no-arbitrage value. Because r3 is known in period 2 and
B(3) and S(3) mature at 3, under no-arbitrage, the period 2 price is equal to the discounted value
or, up to first order, to (1 — r3). The objective function of the arbitrageurs is:

2 2
1 6 6
Biy 42560 = = _ 7B By | _ 7S Si)
U(a ,a ) E[w;] 27Var[w2] > (El a > > (EZ a ) (1)

where second period wealth is:

B S B S
a2 a° @) a-3) a°®)
Wy = —— 4 —— |+ [+ | (1 =7 2
2 (PB<2> + PS<2)> <PB(3) P5(3)> (1=rs)+ @)
— V(A 4+r)1+r).

andV =), 53 <aB O + as(i)) . The first row in (2) is the return to investing in the two- or three-
period asset. The second row shows that arbitrageurs fund the long position V by borrowing
in the short-rate technology. To solve the maximization problem note that the expected value

of second-period wealth is:

B S B S
a2 a2 a-3) (3)
E[w;] = ( +—>+ < +a—> (1—=p3) = V(A +r)(1+ pu2).

pPBa  pSe pBe)  pSe

and that the variance of second-period wealth is:

aBe  g5e

2
2 2 2.2
PP PS<3)) 73+ VAL +n)on.

Var|w,| = (

Assuming an interior solution in which the arbitrageur holds the bond in equilibrium, the first
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order conditions with respect to b are:

1 V2(1+1r1)?
By . PB(Z) — (1 + 7’1)(1 + ,MZ) — ﬁ‘fzz + QB(aB(z) + IZB(3))/ (3)
1— 02 1 [adPe  g%e ) o2
B H3 2 292 B B 3
a- @ —(14+7r)(1 =V (1+r)*—=+0g(a"@ +4°0) -,
PEo) (1+7r1)(1+p2) (1+r1) ’Y + 03( + )+PB<3> (PB(3> +p5(3)> Y

The first order conditions for a°® (formulas omitted) are analogs to (3). The left hand side of
the two first order conditions are the expected 2-period excess return over the expected short-
term funding cost for B() and B(3). The right hand side is the marginal cost to investing in the
bond. The first term is the increase in the portfolio exposure to the volatility in r, scaled by
the size of the portfolio V and the risk aversion parameter <. This effect shows prominently
in Vayanos and Vila (2021) and measures the duration risk to investing in long-term assets.
The second term, is the increase in the non-pecuniary cost of holding additional bonds on the
balance sheet. The formula for the 3-period bond shows that, in addition, the marginal cost
to investing in B 3) includes a term that reflects duration exposure to r3 When both the habitat
and arbitrageur investors hold the bond in equilibrium, the arbitrageur’s first order condi-
tion holds, and the equilibrium prices are found by substituting the market clearing condition
aPi = g% — CP0 and a°) = 0 in the first order conditions. Then equilibrium yield spreads
can be written as:

V2(1 + 1’1)2

2 N
(1+YB<2>) — A4+ m) = o2 + 05V, (4)

(1 + YB<2>>2 - (1 + Y5(2>>2 =05V,

(1—ps) (1+ YB<3>)3 - (1+ YB<2>>2 =(1+ YB(3>>6 (qB<3>>2 ‘7_;

where V = qB @ —CPo + qB (). The first and last expressions are, respectively, the term spreads
on the 2- and 3-period bonds. The second expression is the 2-year bond spread to swaps. In
the interior equilibrium, the expression for the equilibrium yield spreads in (4) summarizes the
effects of central bank purchases CP@, which we group into broad and narrow channels.
Broad channels of central bank asset purchases: duration and signaling. The broad chan-
nels of asset purchases work through a duration and a signaling channel. The duration channel
affects the 2-year bond yield spread, (1 +YP (2>>2 — (14 71)(1 + up), by lowering the quantity
of interest rate risk, 03. This effect is broad across all yields because it lowers the yield on
B(y) over the path of short rates, and leaves the swap spread and term spreads unaffected.
The signalling channel is an indirect channel of asset purchases that affects expectations about

the path of future short-term interest rates (Bauer and Rudebusch, 2014), either by reinforc-
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ing a commitment about future monetary policy (“Delphic guidance” as in Campbell et al.,
2012) or investors” expectations about the evolution of interest rates given economic conditions
(“Odyssean guidance”). The signalling channel is also a broad channel as it affects all yields by
changing the expected path y» and term premia by lowering o3.

Narrow channel of central bank asset purchases: liquidity. Central bank purchases also
operate with a narrow channel as they lower the cost of carrying the bond on the balance sheet
as measured by 6. As shown in (4), the liquidity channel is narrow as it only affects bonds but
not swaps. In other words, asset purchases lower the spread of bonds to the expected path of
short rates but leave swap yield unaffected.

YCC and the “super-narrow” channel. Under YCC and when the arbitrageur holds B, in
equilibrium, the central bank sets purchases CB@ to C* in order to achieve the target Y* in:

V*Z 1 2
VEAEN) 2 4 gy (5)

(1+Y) = (14 n)(1+ ) =
where V* = g°@ — C* 4+ 4.56) The mechanism through which YCC operates is the same as QE,
with the exception that C* is being set endogenously via (5). The lower is Y* relative to the
expected path (14 r1)(1 + p2) the higher is C*. When Y* is small relative to (1 + r1)(1 + p2)
then (5) cannot be satisfied with a positive level of g°@. In this case the policy becomes “super
narrow” in the sense that lowering Y* no longer affects other assets because aP@ falls to zero.
The effect becomes even stronger when even preferred habitat investors don’t hold the asset
any longer, which is when Yo —Y* > k.,

Bauer and Rudebusch (2014) argue that QE can lead to a strong signaling channel as pur-
chases signal a commitment to keeping short-term interest rates low. YCC provides a clear test
for this hypothesis as when such a signaling channel exists, C* should be small. Instead, when
Y** is very different from (1 + r1)(1 4 1), C* becomes large and the signaling channel is weak.
More generally, the mere fact that Y* can be significantly lower the expected path of interest
rates suggests that the signalling channel from the target Y* to the expected short-term rate
will be limited.

Model calibration. Before turning to the empirical evidence, we provide below three cali-
brations of the models that are useful to interpret the empirical evidence in the next section. The
calibrations can result in either interior or corner solutions. Across the three calibrations we set
r =0, Q% = QP®» =1, Q°» = Q°» =0, H® = H®) = 0.5, 05 = 0.001, 65 = 0, x = 0.002
and vy = 0.5 in all cases. In all cases, the central bank also adopts a 10 basis point YCC, or
Y* = 0.001, buying whatever amount is needed to enforce this target, which could amount to a
corner solution. The three scenarios differ in the choice of the mean y; and standard deviation
o; of r; for i = 2,3 as shown (in basis points) in Table 2.

Figure 4 shows the resulting asset yields in the three cases. In parameter configuration

15



Table 2: Mean and standard deviation of short term rates used in the calibrated model. Pa-
rameters y; and o; are the mean and standard deviation of short-term rate r; in period i = 2
and i = 3 measured in basis points. Additional parameters used in the model calibration are
discussed in Section 3.

Scenario u; pz 02 03

1 10 30 30 50
2 50 100 30 50
3 100 200 50 100

(1), the YCC target (Y* = pp > rq) is close to what would be obtained anyway without any
central bank purchases, and the central bank only buys 0.014 units of B(y). This is intended
to be illustrative of the situation in 2020 in which the YCC target did not really clash with
expectations for the path of the cash rate.

In parameter configuration (2), the YCC target is 40 basis points lower than the expected
short rate in period 2 (u2). The result is that R®@ is disconnected for the other two-period asset,
and also from the three-period bond, giving a kink in the bond yield curve. The central bank
holds the YCC target, but only by buying up all of the two-period bond that is not demanded
by the preferred-habitat investors, and so they buy 0.5 units of this bond. This is intended to
be illustrative of the Australian situation in early 2021.

In parameter configuration (3), the YCC target is even more sharply at odds with short-rate
expectations, at 90 basis points below ;. Again, the two period bond is disconnected from
all other assets, but now the gap between Y?® and Y5@ is so big that the preferred-habitat
investors sell all their holdings of B(;) and instead demand the other two-period asset, Sy).
The central bank now has to absorb the entire supply of the two-period bond. This is intended
to be illustrative of the Australian situation shortly before the collapse of YCC in the Fall of
2021.

Note that it is only because short selling is forbidden that we end up in a corner solution
in configurations (2) and (3). If arbitrageurs could take an arbitrarily large short position, then
there would still be an interior solution.
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Figure 4: Impact of YCC on the swap and government bond yield curves in the calibrated
model. This figure plots the bond and swap yield curves implied by the model of Section 3.
The YCC target is always set to 10 basis points but the mean (y;) and standard deviation (c;)
of time 2 and 3 short term rates differ across the three calibrations as summarized in Table 2.
Additional parameters used in the model calibration are discussed in Section 3.
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4 Data, yield curve fitting and an affine term structure model

The model of Section 3 suggests that YCC and QE can affect AGB yields via broad channels
(duration and signaling) and narrow channels (liquidity). In the empirical analysis, we attempt
to measure the importance of these channels. We extract CUSIP-specific and AGB liquidity
effects with yield curve fitting errors and AGB spreads to OIS and state-issued bonds. For broad
channels, we decompose OIS yields into a rate expectation and term premium components
using an affine term structure model. In the remaining of this Section, we first overview the

data and sources and then outline these methods.

4.1 Data

We obtain daily data on quoted yields on all AGBs and state-issued bonds from Bloomberg LP.
From Barclays we also obtain daily quotes on overnight index swaps, OIS, at maturities 1, 3 and
6 months, and 1, 2, 3, 5, 10, 20 and 30 years. Overnight indexed swaps are interest rate swap
agreements where a fixed rate is swapped against a published index of a floating rates. The
OIS is just like other fixed-to-floating rate swaps, except that the floating rate is the overnight
cash rate rather than a 3-month rate typically used in plain vanilla interest rate swaps.

We obtain RBA purchases of AGBs from the RBA's release of Monetary Policy Operations
(Statistical Table A3) and cash rate targets from the Statistical Table A4. We lastly construct
AGB outstanding amounts by CUSIP using AGB issuance data from the Australian Office of
Financial Management.

4.2 Yield curve fitting and bootstrapping

In the empirical analysis we use yield curve fitting to assess distortions in AGB prices across
maturities and to decompose yield movements into those related to broad changes in AGB
yields and CUSIP-specific fitting errors. This fitting error is closely related to the “noise” mea-
sure used by Hu et al. (2013) as a proxy for liquidity. We use the yield curve fitting approach
of Nelson and Siegel (1987). More detailed discussion can be found in Giirkaynak et al. (2007)
but the fitting procedure assumes that instantaneous forward rates n years hence, f;(n) are
characterized by the functional form:

50n) = o+ prexp (<) + palexp (1),

where NS stands for Nelson-Siegel. With this function, instantaneous forward rates begin at
horizon zero at the level By + B1 and asymptote to By. In between, they may have a hump,
with a magnitude governed by B, and location governed by . By integration, the n year zero-
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coupon yield is:

() = o+ o [P gy [T e 1) ©

T T

Given any set of zero-coupon yields, such as OIS or AGB yields*, we estimate the parame-
ters of the yield curve, 0 = (Bo, B1, B2, B3)', on any day by minimizing the sum of squared yield
curve fitting errors, solving the problem:

= argmin =y () - () @)
where y£CB(7) is the ith observed yield with maturity n(i) and yN°(n) is given by equation (6).
To get good starting points for the numerical optimization, we do a grid search over 7; for any
given T, the solution to equation (7) is available in closed form, as noted by Nelson and Siegel
(1987). Where we actually observe zero coupon yields, fitting the curve is just a device for
interpolation so as to be able to get a zero coupon yield of any maturity, not just the maturities
that we happen to observe.

In the empirical analysis, we use the approach to fit a zero-coupon yield curve to AGB
coupon-bearing securities, in this case minimizing the sum of the squared differences between
observed and predicted yields, where the predicted yields take account of the coupons on the
security. The fitting error is then defined as the difference between the coupon-equivalent yield
(AGB) and the fitted counterpart (NS).”

The Nelson-Siegel yield curve in equation (6) is a smooth function that does not allow for
sudden yield discontinuities between neighboring maturities. We assess potential yield curve
discontinuities that may arise from YCC by considering an alternative yield curve obtained
from “bootstrapping” the forward government bond yield curve under the assumption of con-
stant forward rates between maturity dates. This method results in an unsmoothed yield curve

in which forwards follow a step function.’

QIS contracts with maturity of one year or less are settled in a single payment at the end, and so we think
of these as zero coupon yields. Longer-maturity OIS contracts entail an exchange of fixed for floating every year,
and so we think of these OIS rates as implicit par yields. But we convert these into zeros by bootstrapping.

SThe procedure for obtaining starting values is a bit more complicated, because the parameter estimates are not
available in closed form, even conditioning on 7, in the case of coupon securities. To get initial parameter values,
we treat each coupon yield as though it were a zero coupon security with maturity equal to the duration of the
actual security.

6“Unsmoothed" is perhaps misleading terminology because it implies that no smoothing assumption is made.
This is incorrect; there is no way of extracting a yield curve from n bond prices without some form of smoothing.
But the interpolation in bootstrapping involves a step function that is in some sense the minimum possible degree
of smoothing.
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4.3 Affine term structure model

To explore the effects of YCC on expectations of future interest rates and on broader term pre-
mia, we consider fitting a term structure model to Australian OIS data and decompose these
rates into expected future rates and term premia. We fit our model to OIS rates rather than
government bond yields because the latter also reflect liquidity changes induced both by YCC
and QE as outlined in the model of Section 3.

The model is a standard three factor affine term structure model, subject to the normaliza-
tion proposed by Joslin et al. (2011). We collect the vector of OIS rates at maturities 1, 3 and 6
months, and 1, 2, 3, 4, 5 and 10 years into a vector Y;. The model is estimated at the monthly
frequency from November 2009 to December 2021. We define a 3x1 state vector X; that is a
linear function of the vector of observed yields such that X; = WY}, and specifically assume
that the state vector consists of the yields at maturities 1 month, 3 years and 10 years. The state

vector follows the law of motion:
Xt =pu+0Xi_ 1+ Zey,

where ¢; isiid N(0,I),X is a lower triangular matrix and the pricing kernel, M; 1 is conditionally

lognormal such that:

1
M;, 1 = exp (—rt — E/\Mt — /\;€t+1) ,

where Ay = Ag+ M Xy and 1y = 6y + 5{ X; is the one month rate, the first element of Y;.
Joslin et al. (2011) show that the model implies that yields are observationally equivalent to

those from a canonical model where under the risk-neutral Q measure:

n=r +1z,
Zi=Y9Z 1 +e,

where ¥(Q = diag(A(Q)) is a 3x3 diagonal matrix, i is a 3x1 vector of ones and Z; is a rotation

of the state vector. The zero coupon yield at maturity # is:
ye(n) = —— — 74, (8)
where A, is a scalar and B, is a 3x1 vector satisfying the recursions

1
Appr = 1P + A+ 5BLZE'B,,
Byi1=YQ'B, — i
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starting from A; = —rgoQ) and A1 = —1i.
We can thus write
Y =a, + b7y,

where a, and b, are the coefficients from equation (8) and, recalling that X; = WY3,
Xt = W(az + bZZt)

and
Z; = (Wby) " Y(X; — Wa,).

Thus Z; is a function of X; and the model parameters. We assume that the yields at the k other
maturities are measured with error such that:

Yte =i, + Ezzt + e,

where i, and b, are the coefficients in 4, and b, omitting the rows that correspond to yields that
are measured without error and ¢; is iid N(0,021;) measurement error. Joslin et al. (2011) show
that the log-likelihood of this model can be written as:
1 _ Tk AN 1 T e =~ 7 riyve =~ 7,
(6) = > log(c7) Tﬂzt:l (Yf — @z + b:Z4)(Y{ — az + b:Zy)
e

T—-1 1 _
o log 2| — 2T (Xi — e ®X, 1) (2X) (X — - X, )

where 0 is the vector of parameters consisting of r&,Q), AQ) (762, #,  and the free elements of
Y. Maximization of this log-likelihood is numerically convenient because the regression of X;
on X;_1 gives the exact MLE of y and ®. This means that the numerical optimization requires
finding just 11 parameters in r&?’, Q) 062 and . Moreover, for the 6 lower triangular elements
of 2, we have starting values from the regression of X; on X;_1.

Given the assumptions of the model, an absence of arbitrage imposes tight restrictions re-
lating the cross-sectional and time series properties of bond yields. Yield curves are required
to be smooth functions of the state vector, and indeed Christensen et al. (2011) show that with
a restricted version of the canonical affine term structure model implies that the Nelson-Siegel
parameterization holds, up to a small approximation error. We thus think of fitting errors from
the Nelson-Siegel or affine term structure models as indications of the price of an individual
security being distorted, and thus indicative of the “super-narrow” channel as we discuss in
more detail in the results section later.

With this model in hand, we have:

Ef(Xpyp) = (I+@...+ " Dy + "X,
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and E¢ (1) = 6o + 61E¢(X;45). Hence we get the path of expected future short-term interest
rates. And we can obtain the model-implied fitted yields. Although the model is estimated
on monthly data, expected future short rates can be computed each day, as they are all affine

functions of observed yields.

5 Empirical Evidence on the effect of YCC

We first present evidence on the impact of YCC, and on the importance of the broad and nar-
row transmission channels, using time series variation in yields of AGBs, OIS and state-issued
bonds (or “semis”). We analyze term spreads and AGB spreads to OIS and semis. We also
decompose AGB and OIS yields using the yield curve and affine term structure models pre-
sented in the previous Section. We then analyze the high-frequency sensitivity of OIS rates to
news under YCC in Australia and compare it to New Zealand, where no YCC policies were
implemented, as a control. Lastly, then turn to high-frequency (daily) responses of AGB yields
to RBA purchases. We are interested in studying the effects of YCC, but we explicitly consider

QE purchases as well, as the two programs were conducted in parallel.

5.1 Time series evidence

Evidence from AGBs and OIS. The March 19, 2020 announcement that the RBA would target
the yield on the Apr-23 AGB at 25 basis points came as a surprise. Figure 5 plots yields on four
AGB securities: Apr-23 and Apr-24 that were targeted by YCC (red) and the next two maturing
issues that were not (Nov-24 and Apr-25, blue lines). The YCC target bond rolled from the
Apr-23 to the Apr-24 AGB in October 2020. As shown by the solid orange line in Figure 5 the
yield on the Apr-23 bond fell from 48 basis points to 35 basis points on that day, dropping
further to the 25 basis point level over subsequent days. In short order essentially all risk-free
Australian interest rates at maturities out to a few years were pushed down close to zero. This
can be seen in the top panel of Figure 6 that plots the entire term structure of quoted AGB
yields (hollow circles) against their duration as well as fitted AGB yields (blue) implied by the
estimated Nelson-Siegel curve. The top (bottom) panel of the Figure shows these yield curves
on selected days in 2020 (2021).

Taken in isolation this evidence suggests that YCC was very effective at lowering AGB
yields, both those targeted as well as yields of maturities further out. As shown in Figure 1, the
RBA bought large amounts of 3 year AGBs in March and April 2020 and then largely stopped.
AGB yields remained low throughout the summer of 2020. Under one interpretation of the
evidence, the 3 year yield target was “credible” and so, for some time after May 2020 the an-
nouncement itself was sufficient to accomplish the YCC target without needing actual further

purchases. This is much as the Federal Reserve was historically able to announce a target for
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the funds rate and achieve it with little in the way of open market operations (Friedman and
Kuttner, 2010). In this respect, YCC appeared to be more effective than standard quantity-
based QE programs by keeping yields low even without conducting purchase operations. But
as noted in Table 1, the RBA implemented YCC on March 19, 2020 along with a portfolio of
additional easing measures and, most importantly, lowering the target for the cash rate to 25
basis points and providing forward guidance that “[it] will not increase the cash rate until fur-
ther progress [was made towards its objectives]," which was reinforced in November 2020 with
guidance that “[it did] not expect]...] to increase the cash rate for at least three years.” As a re-
sult, the AGB yield response does not directly tell us the counterfactual of what would have
happened if the RBA had followed every other policy as it did, but leaving out YCC. One in-
terpretation from the model is that the broad channels were at play. YCC purchases lowered
the term premia via the duration channel (consistent with Vayanos and Vila, 2021) and YCC
reinforced forward guidance via the signaling channel (as in Bauer and Rudebusch, 2014). But
from the discussion of the model calibration, it is also clear that the limited purchases of AGBs
during 2020 were consistent with a scenario in which the YCC target is equal to market expec-
tations about the path of short term rates (scenario 1). In fact in this scenario, the term premium
effect is limited because of the small volume of purchases.

AGB yields continued to seemingly respond to YCC policies in the fall of 2020. First, as the
RBA rolled the target bond from the Apr-23 to the Apr-24 AGB issue on October 20, the two
yields converged (Figure 5, solid and dashed orange lines). Second, the AGB yields targeted
declined to 10 basis points as the YCC (and cash rate) target was lowered on November 3. On
October 16 Governor Lowe noted that the paucity of purchases under YCC meant that the RBA
balance sheet had grown less than in other developed economies. He suggested that the RBA
was considering a standard QE program, which was officially announced on November 3. As
earlier in 2020, the lower YCC target was achieved in the fall and winter of 2020 with limited
purchases.

But as the global recovery gained momentum in early 2021, expectations for liftoff of policy
interest rates over the next year rose. This is seen by the jump in the dashed blue line in
Figure 7, which corresponds to the expectations hypothesis OIS component of maturity equal
to the duration of the targeted bond, as implied by the affine term structure model of Section 4.
As this happened, the RBA purchased large quantities of the Apr-24 AGB issue and by late
2021 it owned the vast majority of the balance outstanding as shown in Figures 1 and 3.

Following these purchases, the yield on issues up to the Apr-24 maturity (orange line in
Figure 5) remained at the YCC target but those yields became disconnected from other interest
rates. First, the Apr-24 yield became disconnected from the duration-matched OIS (Figure 7).
The widening of this spread is what the narrow channel predicts (second first order condition
in equation 4). This is also consistent with Joyce et al. (2020) who study the effects of the Bank
of England Quantitative Easing program on Gilt-OIS spreads and also find evidence that Gilt
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Figure 5: Yields on AGBs targeted and not targeted by YCC. This figure shows the yield on
AGBs targeted by the RBA’s YCC program (Apr-23 and Apr-24) against the closest maturity
securities not targeted by the YCC program. The YCC target switched from the Apr-23 to the
Apr-24 AGB in October 2020 and is in effect between Mar, 2020 and Nov, 2021.
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Figure 6: AGB yield curves on selected days. This figure plots yields on AGBs and high-
lights the securities included in the YCC program (Apr-23, and Apr-24) and the next-maturity
security excluded (Nov-24) in the YCC program. The chart also shows a Nelson Siegel curve
(details in Section 4) estimated on AGB yields (ZC AGB yield) and on OIS yields (OIS), as well
as the YCC target yield level (YCC target) on each date.
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Figure 7: Yields on AGBs targeted by YCC and duration-matched OIS. This figure shows the
yield on AGBs targeted by the RBA’s YCC program (Apr-23 prior to October 2020, and Apr-24
thereafter) against a duration-matched overnight index swap rate (OIS) and the expectations
hypothesis component of this rate from the affine term structure model of Section 4.
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purchases resulted in the widening of spreads. Furthermore, and specific to YCC, the Apr-24
yield also decoupled from AGB yields of slightly longer maturities as shown by the blue line
in Figure 5. Issues maturing in Nov-24 and Apr-25, essentially act as a YCC control group. As
shown in the bottom left-panel of Figure 6, a kink developed in the government bond yield
curve at the Apr-24 maturity as evidenced by the orange circles in the Figure. This kink in
the yield curve is highly unusual because it suggests an arbitrage opportunity of shorting the
Apr-24 issue, which trades rich, and buying the Nov-25 issue. This anomalous pricing is even
more evident when comparing the term structure of bootstrapped unsmoothed forward rates,
which are constructed by imposing that forward rates are constant between two adjacent AGB
maturities as discussed in Section 4. As seen in the bottom panels of Figure 8, starting in the
spring of 2021, a large discontinuity opened up around the 3-year sector, with forward rates
jumping about 1.5 percent around the YCC target maturity. This is exactly what the model of
Section 3 implies under the “super-narrow” channel when the YCC target is too high relative
to the expected path of short-term interest rates. Yields on the targeted AGB become detached
from swap rates, a kink develops in the yield curve and the central bank ends up holding much
of the outstanding securities.

As seen in Figure 5, on October 27 2021, after that consumer price data were higher-than-
expected, the yield on the Apr-24 issue jumped up. The RBA conducted one large operation
(Figure 1) but did not intervene in following days as the yield on the Apr-24 issue rose further.
The YCC policy was formally discontinued on November 3, 2021.

Even if not the main focus in this paper, it is noteworthy that in October 2020, the duration-
matched OIS rate moved up more sharply than it’s expectations hypothesis component (com-
pare the solid and dashed blue lines in Figure 7). This happened at the time of Governor Lowe’s
speech foreshadowing a more conventional QE program. This program ended up being very
big, buying A$4 billion per week in AGBs concentrated in the 5 to 10 year maturity range. In
October 2020, the term premium component of OIS rates went from being positive to being
around zero, and then it went negative early in 2021. This is consistent with the QE program
operating to some degree through term premia—a broad channel when purchases are very
large. After the collapse of the YCC program, the OIS term premium reverted to being posi-
tive, suggesting that this effect was ultimately not very persistent. Finlay et al. (2021) estimated
that the QE program lowered longer-term AGB yields about 30 basis points and we return to
the persistence of the effects below.

The total purchases of the April-2024 bond from October 2020 to October 2021 were A$13.9
billion. Over this period, the April-2024 averaged about 20 basis points rich to the OIS curve,
and it’s duration was about 3 years. A back-of-the-envelope calculation would indicate that
the RBA had instead bought these securities at the yield implied by the OIS curve, they would
have paid about A$83 million less. This could be an understatement of the amount that the
RBA “overpaid” because bond yields before March 2020 were typically above OIS rates in
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Figure 8: Forward rates on AGBs. This Figure plots the bootstrapped forward AGB yield
curve. Yields are bootstrapped under the assumption of a constant forward rate between ma-
turity dates. The figure also includes zero-coupon smoothed forward rates implied by a Nelson
Siegel curve estimated on AGBs. Details in Section 4.
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Australia, and because the RBA also bought substitute bonds in defense of the target, although
they were only slightly rich to the OIS curve. A calculation like this measures the ex ante cost
of the purchases. The actual ex post cost will depend on the comparison of the yield on the pur-
chased securities with any interest that the RBA will have to pay on reserves, for the purpose
of management of short rates, up to the point that these securities mature.

While we cannot fully identify the counterfactual of what would have happened if the RBA
had omitted the yield curve target, consistent with the prediction of our model the gravitational
pull of the AGB yield curve on other short-term interest rates was limited, and this became ev-
ident as the expected path of short term rates detached from the the YCC AGB target. The out-
come appears more along the lines envisioned of the irrelevance proposition of open-market
operations of Eggertsson and Woodford (2003) as the RBA bought up the targeted bond, but
achieved little else. As noted earlier, this somewhat resembled the outcome of the Fed’s cap-
ping interest rates during and immediately after World War 2, although the recent Australian

experience involved accumulating almost the entire stock of the targeted asset much faster.
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Evidence from state-issued bonds. The narrow channel of YCC (second first order condi-
tion in equation 4), suggests that purchases of AGBs should be associated with a widening of
AGB spread to other safe fixed income instruments. Figure 7 showed that the Apr-24 yield
became disconnected from the duration-matched OIS in 2021. Here we present additional ev-
idence using semi government bonds, or “semis," which are issued by Australian states and
territories. Semis have a guarantee from the state government and in some cases a federal
guarantee. Semis should thus be quite close substitutes for federal bonds. The comparison be-
tween Australian federal and state bonds thus gives an indication of spillovers of YCC policies
on highest-quality bonds, for example, spillovers from U.S. Treasury yields onto agency MBS
or AAA corporate bond yields.

We fit Nelson-Siegel zero-coupon curves to state bond yields for each state separately using
bonds with maturities less than 10 years. Australia has 6 states and 2 territories, but we omit
Tasmania and both territories because they have few bonds, leaving us with 5 state yield curves
that are all very close to each other. We then take the spread between the Apr-24 federal bond
yield and the duration-matched zero coupon yield from each state’s yield curve. This is shown
as the red lines in the left panel of Figure 9, where the thick line is the average across the 5
state yields. The blue lines repeat the exercise, but for the Apr-26 bond as a control, with the
motivation being that Apr-26 is clearly away from the RBA's target maturity. The right panel of
Figure 9 takes the spread between the zero-coupon state bond yields for each state separately
and the OIS curve at the maturities equal to the durations of the Apr-2024 (red) and April-26
AGBs (blue). We see that semis spreads to AGBs widened sharply in March 2020 because of
global flight to quality and that this liquidity event persisted through May 2020. The liquidity
episode affected state bonds across maturities, and in fact spreads in the Apr-24 and Apr-26 co-
moved in this episode (red and blue lines, left panel). While the paper focuses on the effects of
RBA purchases on AGBs, both market functioning and QE purchases included semis as well,
with 20% of QE purchases being allotted to semis. These purchases seemingly pushed semi
spreads to AGBs (left panel) and to OIS (right panel) to low levels in 2020. But as the YCC
3-year target diverged from market expectations for the cash rate starting in 2021, semi spreads
on the Apr-24 AGB widened significantly and decoupled from the Apr-26 AGB spread (blue
line, left panel) and from OIS rates (red and blue lines, right panel). In conclusion, when YCC
became inconsistent with expectations for the cash rate the richness of the target bond did not
spill over to state bonds, even though state bonds were also being purchased by the RBA. This

evidence is again consistent with the super-narrow channel of the model of Section 3.

5.2 Sensitivity of Australian OIS rate changes to U.S. OIS rate changes

The time series evidence showed that, consistent with the “super-narrow” channel of the model

in Section 3, when the YCC is inconsistent with policy expectations, yields on the targeted AGB
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Figure 9: Spreads of duration-matched state bond yields over select AGB and OIS rates.
The left panel plots the spread of state zero coupon yield curve over the yield on the Apr-24
or the Apr-26 AGB where the duration of the state yield curve is equal to the duration of the
corresponding AGB. The thick lines are averages taken over spreads (thin lines) for New South
Wales, Victoria, Queensland, Western Australia and South Australia. The right panel plots the
spread of each state zero coupon yield curve (thin lines) and their means (thick line) over the
corresponding OIS curve at maturity equal to the duration of the Apr-24 federal government
bond and Apr-26 AGB.
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become detached from other rates. The signalling “broad” channel of YCC would, instead,
suggest that YCC is a policy commitment that spills over market expectations for the path of
short term interest rates.

As another way to address the spillover of YCC onto market expectations for short term
rates, here we study how shocks to global interest rates (as measure by U.S. rates) affect OIS
rates at high-frequency in Australia and in New Zealand, which serves as a control group. We
run regressions of the form:

Yik = Yi—1k = ﬁk(yifks - ytu—sl,k) + ek ©)

where yAUS is the Australian or New Zealand OIS rate of maturity k years on day t and y?

is the corresponding U.S. OIS rate. The coefficient f; measures the sensitivity of daily changes
in Australian or New Zealand OIS rates to their U.S. counterparts. In Figure 10, we report the
estimates of By for different sample periods along with 68% confidence intervals. New Zealand

serves as a control as its economy is highly connected and shares similarities (including COVID
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Figure 10: Sensitivity of Australian and New Zealand OIS rate changes to U.S. counterparts.
This Figure plots the coefficient estimates from equation (9) (solid lines) along with 68% confi-
dence intervals based on robust standard errors for both countries for selected sample periods.
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policies) with Australia, but without the same YCC policy.

In the period from 2015-2019, we see that both Australia and New Zealand exhibited similar
sensitivity to U.S. OIS rates. In the period April-December 2020, the sensitivity of Australian
OIS rates declined specifically around the 3 year maturity; there was no such pattern for New
Zealand. In 2021, both Australian and New Zealand exhibited similar heightened sensitivity
to U.S. OIS rates. This is again consistent with the pattern of the RBA having been successful
with forward guidance in 2020, and with YCC possibly contributing to this success while the
target for YCC and the cash rate were consistent (scenario 1 in the model). But once the YCC
guidance diverged from the expected market path of the cash rate then it ceased to have much
impact (scenario 3 in the model).
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5.3 High frequency effects of purchases and purchase rules

In the model of Section 3, central bank purchases occur when equilibrium prices and yields are
determined. In reality, the RBA pre-announced YCC and QE purchases just like other foreign
central banks had done during the Great Recession and COVID-19 Recession. Any asset pric-
ing model (including ours) in which forward looking investors price financial asset in terms of
future prices and cash flows implies that asset prices respond to credible purchase announce-
ment even if no actual purchase has occurred. In fact, as shown in the time series evidence,
AGB yields responded to both YCC and QE announcements, consistent with prior studies on
the effects of central bank QE announcements (Gagnon et al., 2011; Vissing-Jorgensen and Kr-
ishnamurthy, 2011). But existing studies also show that central bank transactions have a high-
frequency impact on price. For example, D’Amico and King (2013) study the security-level
effects of Federal Reserve large scale asset purchases and find significant impacts. Others have
studied the closely-related impact of primary market issuance in Treasury auctions on yields
(see, for example, Duffie, 2010; Lou et al., 2013; Droste et al., 2021), which despite being known
well in advance affect secondary market Treasury yields.

In this Section, we study how daily RBA purchase operations affected yields on the AGBs
and on OIS. We first analyze how the RBA conducted its daily operations in Australian gov-
ernment bonds to implement YCC and QE policies and then turn to estimates of yields to daily
purchases when also taking into account the estimated purchase rules. We find evidence of
large flow purchase effects of YCC (and QE). Consistent with the evidence thus far, the effects
were narrow to specific AGBs targeted in RBA’s purchase operations with little spillover on
other AGB maturities, or the market implied path of short-term rates, either as measured as by
the OIS or its expectation component from the affine term structure model.

5.3.1 AGB purchase rules

In conjunction with the initial announcements of unconventional policies (Table 1), the RBA re-
leased accompanying market announcements with specifics such as the composition, amounts
and schedule of AGB purchases. The level of detail differed between YCC and QE operations.
YCC policies set price, not quantity, targets and thus market statements indicated the type, but
not the amounts, to be purchased. The statements also expressed the RBA’s commitment to
achieve the announced targets noting that it “stood ready” to conduct purchase operations to
ensure that the yield on the 3-year Australian Government bond remained consistent with the
Board’s target, and to address liquidity or other market dislocations. Market announcements
about QE included more specifics. In November 2020, the RBA announced that AGB daily
operations would total A$2 billion and that purchases would occur weekly on Mondays and
Thursdays. In July 2021, the RBA announced that the amounts would be reduced to A$1.6
billion starting in September 2021 (Figure 1). Purchases of AGBs with residual maturity of 5-7
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Figure 11: Distribution of RBA purchases of AGBs by maturity, date and purchase program.
This figure shows the distribution of daily purchases of Australian government bonds (AGBs)
under the RBA’s long-dated open market operations (OMOs), which include both YCC and
liquidity purchases, and under the bond purchase program (quantitative easing, or QE). The
distribution is shown by maturity (vertical axis), day of purchase (horizontal axis) and program
(color). The size of the bubbles are proportional to the purchased amounts.
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years would occur on Mondays, and purchases of 7-10 year maturity AGBs would take place
on Thursdays. Within those maturity buckets, market statements noted that purchases could
reflect relative valuations. Figure 11 shows the distribution of AGB purchases by maturity (ver-
tical axis), day of purchase (horizontal axis) and program (color). The size of the bubbles are
proportional to the purchased amounts. A few features stand out. YCC purchases for liquidity
and market functioning were concentrated in the spring of 2020 (orange bubbles in the Figure).
Instead, all subsequent purchases under the program were specific to the Apr-23 and -24 AGB
issues targeted by YCC. Furthermore, YCC purchases were lumpy with no purchases on most
days but large purchases on few days. This is in contrast with the distribution of QE purchases,
which were very stable as announced in the market statements. Figure 11 shows that Monday
operations focused on 5 to 7 maturities (light blue), while Thursday operations included 7 to 10
year maturities (dark blue). But while the weekly patterns, total amount and maturity buckets
of QE purchases were highly predictable, the exact CUSIP composition of the purchases wasn't
as we discuss next.
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Table 3: Summary statistics for variables included in Tables 4, 5, 6 and 7. The panel is formed
as the universe of 32 AGBs and 504 trading dates between January 1, 2020 and December 31,
2021. Yields and spreads are expressed in basis points. “AGB” is the AGB yield, OIS is a
matched-maturity OIS rate, NS is the AGB yield fitted from the Nelson-Siegel curve, OISEH
is the expectation OIS component from the affine term structure model. Purchased amounts
are in A$. Purchases either include all same-day purchases (“TOT”) or split purchases on a
given AGB (“CUSIP”) and others (“OTHER”) under the YCC-liquidity program (“YCC”) and
QE program (“QE”). “QE-THU” (“QE-MON”) is an indicator for AGB maturities purchased on
Thursday ( Monday) QE operations and corresponding weekday. “YCC” is an indicator for the
Apr-23 and Apr-24 issue and “OTHER” for non “YCC” issues. “YCC-GAP” is the difference
between the AGB yield and the YCC target rate. “QE-CBUY” and “YCC-CBUY” are cumulative
CUSIP purchases under the QE and YCC programs. “OUST” is the total CUSIP outstanding.
“MAT” is years to maturity.

Mean Std. Dev. Max Min

AAGB 0.0 4.6 32.8 -37.2
AOIS 0.1 35 209 -325
A(AGB - NS) 0.0 1.6 234 -354
A(NS — OIS) -0.0 2.8 55.0 -26.4
AOISEH 0.0 1.7 134 -18.3
A(OIS-O1SEH) 0.0 2.6 18.7 -29.0
YCC-TOT 0.1 0.5 50 0.0
QE-TOT 0.4 0.8 40 0.0
YCC-CUSIP 0.0 0.1 23 0.0
QE-CUSIP 0.0 0.1 1.6 0.0
YCC-OTHER 0.1 0.5 50 0.0
QE-OTHER 0.4 0.8 40 0.0
QE-THU 0.0 0.2 1.0 0.0
QE-MON 0.0 0.2 1.0 0.0
YCC 0.1 0.2 1.0 0.0
OTHER 0.1 0.3 1.0 0.0
YCC-GAP 0.8 0.7 28 -03
QE-CBUY 2.3 4.1 181 0.0
YCC-CBUY 1.8 3.4 209 0.0
OUTST 24.7 8.9 39.0 35
MAT 9.1 7.0 30.8 0.0

Observations 14050
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Table 4: AGB purchase rules. This Table reports estimates of equation (10). The dependent
variables are purchased amounts (in A$) for a given AGB under the under the YCC-liquidity
program (“YCC”) and QE program (“QE”). “QE-THU” (“QE-MON") is an indicator for AGB
maturities purchased in Thursday ( Mon) QE operations. “YCC” is an indicator for the Apr-
23 and Apr-24 issue and “OTHER” for non “YCC” issues. “YCC-GAP” is the difference be-
tween the AGB yield and the YCC target rate. “MAT” is years to maturity. (AGB — NS) is the
Nelson-Siegel yield curve fitting error, a measure of market discount. “QE-CBUY” and “YCC-
CBUY” are cumulative CUSIP purchases under the QE and YCC programs. “OUTST” is the
total CUSIP outstanding. The “-1" subscript refers to data as of the close of the previous day.
The total number of CUSIPs included in each regression is 32. The sample starts in January 1,
2020 and ends on December 31, 2021 for a total of 504 trading dates. CUSIPs are included from
the date of issuance to the month prior to expiry. Standard error clustered on each trading date
are reported in brackets. Significance: *p < 0.1, ** p < 0.05, ***p < 0.01.

(1) () 3) 4) ®)
QE-CUSIP QE-CUSIP  QE-CUSIP  YCC-CUSIP YCC-CUSIP

QE-THU 0.147*** -0.043
[0.016] [0.085]
QE-THU X (AGB - NS)_1 0.013*** 0.011*** 0.006**
[0.003] [0.003] [0.003]
QE-MON 0.224*** 0.036
[0.018] [0.088]
QE-MON x(AGB - NS)_4 -0.003 -0.004 0.000
[0.003] [0.003] [0.003]
QE-MONorTHU xQE-CBUY _4 -0.004** -0.004**
[0.002] [0.002]
QE-MONorTHU xOUTST _1 0.007** 0.007**
[0.003] [0.003]
YCC 0.040*** 0.042***
[0.009] [0.009]
YCCxYCC-GAP_4 0.195** 0.195**
[0.085] [0.085]
OTHER % (AGB - NS)_4 0.001*** 0.001**
[0.000] [0.001]
OTHER X YCC-CBUY_4 -0.011*
[0.005]
OTHERxOUTST _4 0.003***
[0.001]
OTHER x MAT -0.003***
[0.001]
Const. 0.000** 0.000** 0.016 0.002*** -0.000
[0.000] [0.000] [0.083] [0.001] [0.000]
N 14055 14055 974 14055 14055
Adj. R? 0 0 0 0 0
Conditional on: QE-MON =1

QE-THU =1
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We estimate the parameters of the bond purchase rules using specifications of the form:
BUYl‘t =ua+ 51Xit + &t (10)

where BUY}; is the volume of purchases of the it CUSIP on day t and Xj; is a vector of ob-
servable control variables. This is useful not only to understand how daily purchases were
conducted but also when we estimate the price effects of purchases below we use the same
control variables that determine purchases as additional covariates. Summary statistics of the
variables included in the regressions are reported in Table 3. Table 4 summarizes the panel re-
gression estimates for equation (10). The dependent variables are purchases (in A$) under the
QE (columns 1-3, “QE-CUSIP") and YCC (columns 4-5, “YCC-CUSIP") programs for each AGB.
The total number of CUSIPs included in each regression is 32. The sample starts in January 1,
2020 and ends on December 31, 2021 for a total of 504 trading dates. CUSIPs are included from
the date of issuance to the month prior to expiry. Standard errors are clustered by date. The
tirst regression specification for QE purchases includes two variables that indicate whether a
bond is included in the maturity bucket and day of operation (“QE-MON” and “QE-THU").
These indicators are also interacted with the yield curve fitting error, which is the difference be-
tween the AGB actual yield and the corresponding yield predicted by the Nelson-Siegel curve,
(AGB — NS)_1, measured as of the previous day close (see Section 4 for the exact construc-
tion). When this term is positive, the actual yield is higher than the fitted yield and the AGB
security trades at a discount to the fitted value implied by the yield curve. Based on the market
announcement discussed above we would expect purchases to be increasing in this term. The
titting error is interacted with the QE dummy variables to reflect the fact that QE purchases
occurred in predetermined weekdays and maturity buckets. We consider two dummy vari-
ables to determine if the fitting error had a differential role in the two maturity buckets. As
shown in column 1, and consistent with what we saw in Figure 11, the two QE indicators are
highly statistically significant (p-val<0.01). The fitting error terms are only statistically signif-
icant for longer-maturity operations (p-val<0.01). In column 2, we extend the set of controls
with past cumulative QE purchases and the stock of total securities outstanding. We again
interact these variables with an indicator for either Monday or Thursday operations. The es-
timated coefficients indicate that purchases increased with the size of the issues and declined
the more of these securities had been purchased in past operations (p-val<0.05). Over time
these coefficient estimates imply that RBA QE daily operations were dispersed across CUSIPs
within each maturity bucket, which is consistent with the resulting distribution of cumulative
purchases across CUSIPs as of the end of 2021 (Figure 2, right panel). The set of controls in
the regressions explain a significant portion of the pooled variation in QE purchases (adjusted
R? > 0.35). But much of this explanatory power reflects the indicator variables —i.e. matu-

rity buckets and weekday of operations were fixed — and not the remaining control variables
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— the fitting error, cumulative purchases and amounts outstanding. In fact, while these ad-
ditional controls remain significant when we condition the sample to observations for which
QE-MON and QE-THU are one, the adjusted R? drops to 0.01 (column 3). In other words, while
weekdays and maturity buckets were fixed, the exact CUSIP composition of each operation re-
mained uncertain. The last two columns of Table 4 characterize purchase rules for the YCC
program. We separately analyze purchases to implement the YCC target by conditioning on
an indicator variable (“YCC”) for the Apr-23 and -24 issues and market functioning purchases,
which included all other securities (“OTHER”). For “YCC” purchases, we condition on the the
difference between the actual yield and the YCC target (“YCC-GAP”) as of the prior close, con-
sistent with the RBA market announcement. We expect this term to be positive, so that when
the yield on the Apr-23 and -24 issues is higher than the YCC target purchases are more likely
to take place. For the market functioning component we, instead, include the yield curve fitting
error for which we would expect a positive sign. The signs of point estimates (column 4) are
consistent with the priors both for YCC-GAP (p-val< 0.05) and for the yield curve fitting error
(p-val< 0.01). For securities other than the Apr-23 and -24 issues we also include cumulative
past purchases, amounts outstanding and the maturity of the security (column 5). Similar to
the QE purchase rules, we find that purchases were smaller with higher prior buys of the same
CUSIP and the larger the issued amount. Purchases were also more likely for shorter-dated
securities consistent with Figure 11. While many of the explanatory variables are highly sig-
nificant (columns 4 and 5), these variables only explain a small fraction of the YCC purchase
variation (adjusted R?> < 0.05). For example, purchases in the Apr-23 and -24 issues were
more likely the larger YCC-GAP term. But aside from the spring of 2020, the actual purchased
amounts were infrequent even when the YCC-GAP was positive. We conclude that the market
announcements were informative about the actual operations, but with limited information on
the exact timing of YCC purchases and the CUSIP composition of QE purchases within each
maturity bucket. Below we include these controls as robustness checks of the estimated yield

effects.

5.3.2 Yield effect of daily AGB purchases

We estimate the response of AGB yields to YCC and QE purchases and decompose those ef-
fects into liquidity and other components to identify whether broad or narrow channels (as
discussed in Section 3) were most important. We estimate the coefficients of the panel linear
regression:

Ay = a+ B'BUY; + ¢ (11)

where y;; is the yield on an AGB with CUSIP i and date ¢ or the duration-matched OIS yield (in
basis points), and BUY is a vector containing daily RBA purchases. As with the AGB purchase
rule regressions that we just discussed, the panel is formed by 32 securities over trading dates
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in 2020/21. We separate purchases (in A$ billions) under the YCC-liquidity (“YCC”) and QE
program (“QE”). For each AGB maturity and date, the BUY vector in the specifications either
include total purchases of all AGBs under the YCC program (“YCC-TOT”), or we split pur-
chases for that specific AGB (“YCC-CUSIP”) from those on other securities (“YCC-OTHER”).
We also likewise include the corresponding purchases under QE (either “QE-TOT" or both
“QE-CUSIP" and “QE-OTHER"). Summary statistics of all variables in the regressions are re-
ported in Table 3. Standard errors are clustered on each trading date to account for correlation
in yield changes on a given date.

Table 5 reports coefficients estimates of linear regressions of changes in AGB yields and
duration-matched OIS (equation 11). AGB yields and matched OIS rates decline with both total
YCC and QE purchases, but the coefficients are not statistically significant when considering
total purchased amounts (columns 1 and 2). When we split purchases between those on the
CUSIP over which the AGB yield change is defined and those on other CUSIPs, we see that
same-CUSIP show large and statistically significant negative effects on the AGB yields (column
3) but not on the matched-maturity OIS (column 4). An A$1 billion purchase under the YCC
programs lowers the yield of that specific AGB by 2 basis points (p-val<0.01), while purchases
under the QE program lower the yield by about half as much (1 basis point, p-val<0.01). These
effects are quantitatively very large. For example, as shown in right panel of Figure 3, the RBA
purchased a cumulative A$20 billions of the Apr 2024 issue via the YCC program. The point
estimates suggest that these purchases lowered the yield on the AGB Apr-24 issue about 40
basis points.

Robustness of the estimated yield effects. We next consider the robustness of these esti-
mated effects. First, the large estimated effect of YCC may over-estimate the true long-run
effect if the effect is transitory. We assess the extent to which this may be the case using local

linear projections (Jorda, 2005) by running the regression:
Yitrn = &+ BBUY + X0 vtk + Zp_q AJ BUYi_i + €4t (12)

The estimated coefficients on the purchased amounts across different horizon measure the ex-
tent to which the purchase flow effects we discussed may be temporary. The point estimates
are shown in Figure 12. The day zero effect is, up to slight specification differences, the same
as those shown in Table 5 (column 3) and we find a similar 2 basis point effect from each A$1
billion YCC purchase, and a 1 basis point effect from each such QE purchase. While the coeftfi-
cients are less precisely estimated when looking at yield changes over multiple days, Figure 12
shows that the effect of YCC purchases is persistent (left panel), while the effect of QE pur-
chases (right panel) appears to dissipate after one trading day.

A second concern is that the point estimates may be driven by few outlier observations.
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Table 5: Response of changes in AGB and duration-matched OIS yield to RBA purchases.
This table reports the estimated regression coefficients of the linear regression in equation
(11). The dependent variable is the basis point change in the AGB yield and the duration-
matched OIS yield. The independent variables are RBA purchases (in A$ billions) under the
YCC-liquidity program (“YCC”) and QE program (“QE”). For each AGB maturity and date,
purchases either include all same-day YCC/QE purchases (“TOT”) or split purchases on a
given AGB (“CUSIP”) and others (“OTHER”). The estimated coefficient for the constant term
is omitted. Additional controls (point estimates not shown) that are included when noted at
the bottom of the Table include all variables from Table 4. Column (10) conditions the sample
to AGBs that were included in the QE purchases or were part of the YCC target (Apr-23 and
24 issues). The total number of CUSIPs included in each regression is 32. The sample starts
in January 1, 2020 and ends on December 31, 2021 for a total of 504 trading dates. CUSIPs are
included from the date of issuance to the month prior to expiry. Standard error clustered on
each trading date are reported in brackets. Significance: *p < 0.1, ** p < 0.05, ***p < 0.01.

1) (2) (3) ) () (6) (7) ®) ©) (10)
AAGB AOIS AAGB AOIS AAGB AOIS AAGB AOIS AAGB  AAGB

YCC-TOT -0.8 -0.4 -0.1 0.1
[0.8] [0.6] [0.6] [0.4]
QE-TOT -0.4 -0.1 -0.4 -0.1
[0.3] [0.2] [0.3] [0.2]
YCC-CUSIP 2.0 -04 -6 -0.1  -2.0%** -1.8%*
[0.5] [0.3] [0.4] [0.2] [0.5] [0.5]
QE-CUSIP -1 0.2 -1 0.2 -1.6% -1.3%*
[0.3] [0.3] [0.3] [0.3] [0.5] [0.3]
YCC-OTHER -0.8 -0.4 -0.1 0.1 -0.6 -0.0
[0.8] [0.6] [0.6] [0.4] [0.8] [0.7]
QE-OTHER -0.3 -0.1 -0.4 -0.1 -0.4 -0.4
[0.3] [0.2] [0.3] [0.2] [0.3] [0.3]
N 14050 14050 14050 14050 14025 14025 14025 14025 14050 8208
Excl. Mar 20, 2020? Y Y Y Y
Add. controls? Y
Conditional on: YCC or QE

CUSIPs
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Table 6: Decomposition of changes in AGB yields to RBA purchases. This table reports
estimates of the same regression model of Table 5 but decomposing the change in AGB yields
(AAGB) into a spread to an AGB yield fitted from the Nelson-Siegel curve (ANS), a spread to
the OIS yield (A(NS-OIS)) and the OIS yield itself. The estimated coefficients on AGB add (up
to rounding) to those on (AGB - NS), (NS - OIS) and OIS. See notes to Table 5 for additional
definitions and sample information. Standard error clustered on each trading date are reported
in brackets. Significance: *p < 0.1, ** p < 0.05, ***p < 0.01.

1) () 3) “4) 5) (6) ) (8)
AAGB A(AGB-NS) A(NS—OIS) AOIS AAGB A(AGB-NS) A(NS—OIS) AOIS
YCC-CUSIP .07 145 02 04 -1.6%* 11 04 0.1
[0.5] [0.4] [0.4] [03]  [04] [0.2] [0.4] [0.2]
QE-CUSIP SLIEE L 04r 0.6+ 02 110 0.4+ 0.6+ 0.2
[0.3] [0.1] [0.2] [03]  [0.3] [0.1] [0.2] [0.3]
YCC-OTHER 08 047+ 0.7+ 04 01 0.3+ 05 0.1
[0.8] [0.1] [0.3] [0.6]  [0.6] [0.1] [0.4] [0.4]
QE-OTHER 03 0.1 0.3 01 04 0.1 0.3 0.1
[0.3] [0.0] [0.1] [02]  [03] [0.0] [0.1] [0.2]
N 14050 14050 14050 14050 14025 14025 14025 14025
Excl. Mar 20, 20207 Y Y Y Y

Table 7: Decomposition of changes in AGB duration-matched OIS to RBA purchases. This
table reports estimates of the model of Table 5 but decomposing the change in OIS yields (AOIS)
into an expectation OIS component (AOISEH) estimated from the affine term structure model,
and a residual component that includes the estimated term premium and model fitting error.
See notes to Table 5 for additional definitions and sample information. Standard error clustered
on each trading date are reported in brackets. Significance: *p < 0.1, ** p < 0.05, ***p < 0.01.

1 (2) (©) 4) ®) (6)
AOIS  AOISEH  A(OIS-OISEH)  AOIS  AOISEH  A(OIS-O1SEH)
YCC-CUSIP 04 0.3 0.1 0.1 0.1 0.3
[03]  [05] [0.4] [02]  [0.4] [0.4]
QE-CUSIP 0.2 0.1 -0.3* 0.2 0.1 -0.3*
[03]  [0.2] [0.2] [03]  [0.2] [0.2]
YCC-OTHER 0.4 0.2 0.2 0.1 0.0 0.1
[0.6]  [0.3] [0.4] [04]  [0.2] [0.3]
QE-OTHER 0.1 0.1 0.2 0.1 0.1 0.2
[02]  [0.1] [0.2] [02]  [0.1] [0.2]
N 14050 14050 14050 14025 14025 14025
Excl. Mar 20, 2020? Y Y Y
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Figure 12: Local linear projections of AGB yields on shocks to RBA purchases. This Figure
plots cumulative local linear projections (impulse reponses) of AGB yields to shocks on same-
CUSIP purchases under the YCC-liquidity program (“YCC”) and QE program (“QE”) as in
equation (12). The regression specification includes purchases on other CUSIPs as additional
controls and six lags of the dependent and variable and controls. 68% confidence intervals
based on standard errors clustered by trading date shown as shaded areas.

Cumulative response of AGB yield

Shock: A$1bn of YCC-CUSIP BUY Shock: A$1bn of QE-CUSIP BUY

Basis points
n
Basis points

0 2 4 6 8 10 0 2 4 6 8 10
Day from shock Day from shock
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As shown in Figure 1, the largest purchases under the YCC program occurred on March 20,
2020, which is also the day after when the YCC program was introduced. As a result, the
estimated YCC effect may be overly influenced by this observation if the YCC announcement
also had carryover effect on the following day. Columns (5)-(8) of Table 5, repeat the estimation
excluding this observation from the sample. As in the baseline specification, total (and other)
AGB purchases don’t have statistically significant effects on yields. For same-CUSIP purchases,
the YCC estimated yield effect declines from 2 to 1.6 basis point suggesting that the March
20, 2020 observation is indeed important but the estimated effects remains large even after
excluding the observation. An additional concern on the estimated yield effects is related to the
fact that AGB purchases were not randomly assigned. We address these concerns by including
in the regression all the explanatory variables of the AGB purchase rules in Table 5. As it can
be seen by comparing columns (9) and (3) the estimated effects for YCC are unchanged but we
see a stronger effect (1.6 versus 1.1 basis points) of QE purchases. Relatedly, the estimated yield
effect of purchases could be the result of differential trends in the yields of targeted securities
(YCC and QE) versus others. In the last specification (column 10) we condition the sample
to only those AGBs that were included in either operation, and we find very similar point
estimates, although the gap between the YCC (-1.8) and QE (-1.3) is again lower than in the
baseline specification (column 3, -2 and 1.1 basis points).

Decomposition of the estimated yield effects. We next use the yield curve and affine term
structure decomposition to attempt to assess what channels may be important in determining
the high frequency response of yield changes on asset purchases. First we note that the re-
sponse of the duration-matched OIS in Table 5 is negative but never significant, suggesting no
signaling channel of flow purchases. Table 6, splits the change in the spread of the AGB yield
over the duration-matched OIS into two components: (i) the AGB fitting error, i.e. the differ-
ence between the actual AGB yield and the fitted AGB yield from the Nelson Siegel curve’, and
(ii) the spread between the AGB and OIS yield curves. We can see in columns 2 and 3 of the
Table that for the YCC-CUSIP buys much of the response is due to the AGB fitting error (row 1),
while the effect of QE purchases depends both on the fitting error and the spread between the
titted AGB yield and the OIS. In other words, the YCC program appear to have had a CUSIP-
specific effect with little spillover onto other CUSIPs, as indicated by the stability of the yield
curve, and consistent with the narrowest possible channel. Instead, the effects of QE purchases
were a bit more general. When we exclude the March 20, 2020 observations (columns 5-8) the
effects are very similar.

Lastly we use the affine term structure model to decompose the OIS yield change into ex-

pectation and term premium components. The results are shown in Table 7. While negative,

"This is the difference between the hollow circle and the blue line in Figure 6.
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the effect on the OIS yield is never statistically significant. We similarly find the effects on the
two components not to be statistically significant and small in magnitude. Recall that as the
QE program was announced, term premia did fall (see Figure 7), but here we do not find that
the actual purchases had any significant effect on term premia.

In sum, the high frequency evidence also suggests that the flow effects of YCC were narrow
with a sizeable effect on the specific CUSIP but little spillover on either OIS expectations, or

term premia as indicated by the term premium decomposition.

6 Conclusions

The Australian experience with YCC is an extremely valuable test case for how such policies
may work in other developed economies. We conclude that while YCC may have eased fi-
nancial conditions when investors expected short-term rates to remain low for long in 2020,
once the YCC target became inconsistent with the expected path of short-term rates in 2021,
the transmission of YCC became “super-narrow,” with little or no easing in broader financial
conditions. Consistent with our model prediction, the RBA purchased most of the targeted
AGB issues with no spillover on either policy expectations (both the OIS and its expectation-
hypothesis component), longer-dated AGBs, or close-substitute instruments, such as state-
issued bonds.

This outcome of a “super narrow” channel is along the lines of the irrelevance proposition of
open-market operations of Eggertsson and Woodford (2003). The RBA bought up the targeted
bond, but achieved little else. It also resembles the experience with YCC in the U.S. during
World War 2 when the Fed capped bill rates at % percent and over time ended up accumu-
lating most of the outstanding bills, reaching 75 percent in 1945 (Garbade, 2020). The Federal
Reserve gave up the bill rate cap in 1947, and then began purchasing large quantities of long-
term bonds as expectations for short term rates rose. However, the Australian YCC experience
involved a much faster accumulation of the targeted asset. YCC might work when it is roughly
consistent with market expectations, but does not appear to be successful in holding down the
term structure of interest rates other than the targeted security once market participants see the
central bank as being likely to begin raising short-term interest rates.

We think that the Australian YCC experiment is informative about quantity-based QE pro-
grams as well. The prominent role of narrow liquidity channels suggests that broader chan-
nels, such as portfolio-balance and duration effects (Tobin, 1969; Vayanos and Vila, 2021), or
signaling about the path of short-term rates (Bauer and Rudebusch, 2014) have little sustained
impact. We found that YCC mostly operated through a “super-narrow” channel where only
the specific asset being bought was impacted and with no spillovers elsewhere. But we also
found some narrow effects on the class of asset being bought beyond that specific security, and
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this can ease financial conditions on the targeted assets. But these narrow effects don’t spillover
onto other financial assets and thus the composition of central bank operations becomes crucial.
In the U.S. context, it would imply that Treasury purchases do not have much spillover onto
mortgage and corporate rates. Purchases of MBS are likely to have more impact on mortgage
rates. And while the Federal Reserve Act does not allow the Fed to buy corporate securities in
open market operations, facilities to support financing of corporate bonds, as implemented in
2020, may be effective in lowering yields on this asset class, but again only because this asset
class is being targeted. This is consistent with Boyarchenko et al. (2022) who find that “super-
narrow” effects operated in 2020 as the Fed corporate bond purchases largely eased financing

for facility-eligible issuers.
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