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1 Introduction

This paper presents new empirical evidence on the state-contingent impact of Quanti-
tative Easing (QE) and Quantitative Tightening (QT) policies in the UK. We adopt a novel
approach by including earlier historical debt management operations that have compa-
rable balance sheet impacts to unconventional monetary policies (UMPs). We provide a
thorough assessment of how each UMP and UMP-like episode over the past 60 years af-
fects the UK economy using data on public sector debt sales to the banking system. To
the best of our knowledge, we are the first to quantify the state contingencies of each QE

episode in the UK along with an initial assessment on the implications of QT.

Our definition of state contingency within this study is agnostic. We aim to capture
state contingencies using time-varying parameter structural vector autoregressive (VAR)
models (Petrova, 2019). This is inherently different from the structural VAR literature iden-
tifying state contingencies in macroeconomic data using either monetary policy regimes
(i.e. high/low interest rates as in Hayashi and Koeda (2019), among others), or episodes of
high and low macroeconomic uncertainty (e.g. Alessandri and Mumtaz, 2019), or times of
high/low financial stress (see e.g. Hubrich and Tetlow, 2015). These models typically im-
pose an a priori a restriction that there are a small number of recurrent regimes. However,
our approach offers substantial flexibility by allowing for the possibility of many different,
non-recurring regimes, which in turn allows us to investigate whether the recurrent regime

assumption is valid.

The paper makes three key findings. First, we show as a general feature, that the impact
of UMP policies in the UK are state contingent, based on the past 60 years of data. However,
our analysis indicates the drivers of such state contingencies are dependent on a mix of
factors, reflecting the policy framework, the structure and state of financial markets and
conditions in the real economy. We provide evidence that regimes are non-recurrent and
do not appear to be related to a particular state variable. Second, we distinguish between
the unanticipated and systematic effects of UMP policies on the real economy. Our results
indicate the unanticipated component contributes relatively small amounts to the total
impact, suggesting that QE was largely anticipated given the shocks hitting the economy.
But the total effect of QE provides substantial support to output during each episode and



increases inflation. Third, we disentangle the transmission mechanism at work during each
UMP episode. Over successive QE and QT episodes since 2009, the impact on gilt yields
for a given quantum of QE falls. However, such a fall is offset by increases in both the
responsiveness of the output gap to gilt yield changes, and the responsiveness of inflation

to the output gap.

The general consensus on QE policies is that they are effective tools for stimulating and
stabilizing economies (for an in-depth review of the literature on UMPs, see e.g. Bhattarai
and Neely, 2022). A number of studies confirm this for various economies across the globe
and quantifies the effects of early large-scale asset purchases using small samples (see e.g.
Kapetanios et al., 2012; Baumeister and Benati, 2013; Weale and Wieladek, 2016). Another
subsequent branch of the literature on UMPs suggests that the effects and channels through
which such policies operate are likely to be state contingent. However, the drivers of such
state contingencies are uncertain and difficult to pin down. (see e.g. Joyce and Tong, 2012;

Haldane et al., 2016; Du et al., 2024; Braun et al., 2025).

Existing work on the transmission mechanism of UMPs provides robust evidence of
a portfolio rebalancing channel (investors rebalancing their portfolios into other assets
following gilt purchases, see Joyce et al. (2012); Joyce and Tong (2012)), and a signaling
channel (lower expectations of future short-term rates) both of which have an effect on
gilt yields and other asset prices. QE can affect the economy more generally by reducing
uncertainty (Kapetanios et al., 2012; Joyce et al., 2012). Studies suggest the strength of
the portfolio rebalancing and signaling channels depend on a range of factors such as:
the state of financial markets; the capital position of market makers and arbitrageurs in
government bond markets (e.g. Vayanos and Vila, 2021)'; market participants” anticipation
of the amounts announced (e.g. Bernanke, 2020; Braun et al., 2025)2 ; and the level of interest

rates within the economy.’

More specifically, if market stress is high and arbitrageurs capital constraints becoming binding, the
effects on term-premia are likely to be larger.

ZNote this affects the relationship between the announced amount of QE and financial market yields. The
underlying impact on yields from the unanticipated component of amounts announced might be unchanged.

3Note also the aggregate demand effects of UMPs will largely depend on how gilt yields affect the cost
of capital to firms and household wealth, which will depend on spillovers to other asset prices and yields
such as corporate bond yields, equities, the exchange rate and house prices. These spillover effects are also
likely to be a function of the state of financial markets and the perceived substitutability between gilts and
these assets.



An issue that hinders analysis of state contingencies is the lack of historical precedents
for such policies. To resolve this issue, we look at Bank of England debt management oper-
ations in periods prior to 2009. We focus on operations that had similar effects on financial
balance sheets as QE and QT. These "underfunding" and "overfunding" operations were
often undertaken for different policy purposes and in evolving financial market structures,
which should shed light on the various types of state contingency identified in the litera-
ture. We use these operations to identify a novel "bank funding" shock consistent with the
economic rationale that underpins the channels through which UMPs transmit to the real
economy. Our bank funding shock captures the impact of QE/QT from 2009 onward, as

well as the UMP-like debt management operations in earlier periods.

To identify the shock, we use 60 years of historical data on public sector debt sales
to the banking system, expressed as a contribution to broad money growth, as a proxy
variable that captures the financial balance sheet effects of UMPs. The benefit of this proxy
is threefold. First, it is easy to construct for long time-periods; thereby allowing us to
track state-contingent effects on financial markets as they evolve over time.* Second, our
measure contains significant variation prior to 2009; an inherent shortcoming of alternative
central bank balance sheet measures (see e.g. Weale and Wieladek, 2016). Third, it directly
relates to the broad money supply impact of QE, which, as King (2024) and Congdon (2025)
argue, is the key feature of QE/QT operations and an integral part of their transmission
to the real economy. However, we view the impact via broad money as a representation of
the portfolio rebalancing channel. This emphasises the imperfect substitutability between
money and bonds on the asset side of non-bank investor balance sheets rather than then
"local supply" or "duration" channels, which focus more on the composition of the assets

purchased by the central bank (see Busetto et al. (2022) for a discussion).

Our paper relates primarily to the literature using VAR techniques to analyze the
macroeconomic impact of UMPs. Kapetanios et al. (2012); Bridges and Thomas (2012);
Haldane et al. (2016); Weale and Wieladek (2016) all use various structural identification
schemes to show that QE policies stimulate the UK economy and produce positive infla-

tionary impacts. Kaminska and Mumtaz (2022) study the various rounds of QE prior to

4The period since the 1960s have seen major changes in the micro structure of the UK gilt market such
as the “Big Bang” reforms of the 1980s and the development of a gilt-repo market in the mid-1990s both of
which increased the liquidity of the gilt market and its ability to absorb large shocks.
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2020. Their findings suggest that the economic impact of QE policies varies in strength
with the mix of different channels and motivates further investigation of state contingen-

cies.”

Baumeister and Benati (2013) consider pure spread shocks for the US and UK to
analyze the first round of asset purchases and conclude that such shocks capture a range
of influences. Ellington (2022) considers dynamics of UMPs for the US economy to the

point where the Federal Reserve moves away from the effective lower bound.

In addition to shedding light on the state-contingent effects of UMPs, our results also
disentangle the total and unanticipated impact of UMPs in a clean and consistent manner.
This is because our models implicitly contain a time-varying UMP/QE “reaction function”
to standard macroeconomic and financial (gilt) market shocks. Isolating the unanticipated
component allows for a comparison with the results from event studies of different QE/QT
episodes (see e.g. Busetto et al., 2022; Braun et al., 2025). It also allows us to gauge the
broader effect of UMPs through their systematic response to shocks as well. We also di-
agnose state contingencies at different stages of the transmission mechanism using the
reduced-form semi-elasticities between key variables from our structural VAR responses.
We back out model-consistent portfolio rebalancing and signaling channels that highlight
a weakening relationship between financial market yields and the quantities of asset pur-
chases across QE episodes, which is largely attributable to a declining signaling channel.
However, we find that aggregate demand in the later QE periods and the (most recent) QT
period is more responsive to gilt yields. We also provide evidence that the inflation/output
gap trade-off worsens over QE episodes. Our results suggest this reflects variability in un-
derlying nominal and real rigidities as a result of global supply chain problems and other
supply-side issues that emerged as the UK and other major economies came out of the

COVID-19 pandemic. It also reflects increased inflation persistence.

The remainder of our paper proceeds as follows. Section 2 presents our proxy measure
of public sector debt sales to the banking system and discusses the economic data we use.
Section 3 outlines the methodology of our baseline analysis. Sections 4 and 5 report our
results and robustness analysis, respectively. Section 6 summarises our estimated impacts

across QE/QT episodes and Section 7 concludes.

>Specifically the signaling channel can have a persistent impact on interest rates at the short end of the
yield curve and so affect the pricing of a broad range of loans and financial assets. In contrast, local supply
and duration effects have their main impact at the longer end of the curve.
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2 Tracking Quantitative Easing/Tightening through public sector debt
sales to the banking system and state contingency

Public sector debt sales to the banking system are a feature of historical debt manage-
ment operations in the UK. Until the mid-1980s, debt management was viewed by the
Bank of England as part of its monetary policy toolkit alongside short-term interest rates.
Throughout the 1960s and 1970s, there was frequent recourse to fund government deficits
by sales of debt to the commercial banking system, especially as large deficits became
difficult to finance from traditional investors in the non-bank financial sector (which we
associate today with the “preferred habitat” investors in portfolio balance models such
as Vayanos and Vila (2021)). This policy, known as "underfunding", implies very similar
portfolio effects on non-bank financial balance sheets and the money supply to those of
central bank purchases of government debt. Figures 1 and 2 show how the purchase (sale)
of government bonds by commercial banks has an almost identical effect on non-bank in-
vestor balance sheets as a QE (QT) operation does (i.e. where a central bank buys (sells)
such securities). In addition, because commercial bank reserves were unremunerated in
this period, Bank of England purchases of government debt also typically led to increased
debt holdings by the commercial banking system. To maintain control of short-term inter-
est rates, the Bank would have to offset any purchases it made by sales of Treasury bills
to the commercial banks. The Bank would in effect perform an "operation twist" and the

commercial banks would be net purchasers of government debt, as shown in Figure 1c.

Subsequently, the early 1980s saw the reversal of such policies as the authorities switched
to “overfunding” the deficit, by selling more government bonds to the non-bank private
sector ("preferred habitat" investors) than necessary to fund the deficit. Ronicle (2026) pro-
vides an in-depth analysis of this policy. Figure 2 shows that this has a similar effect on
portfolios to QT and directly reduces the growth of broad money, which at the time was

the key intermediate target of monetary policy.

From Figures 1 and Figure 2, it is clear that the initial impact of underfunding and
overfunding operations on non-bank investors’ portfolios are the same as QE and QT re-
spectively. That suggests they should work through similar transmission mechanisms.

In the case of underfunding and QE operations, they should trigger the same portfolio



balance effects as non-bank investors attempt to reinvest their deposits in other risky secu-
rities, pushing down yields and increasing asset prices in the process. The only difference
is that commercial bank ends up holding gilts rather than interest-bearing reserves on its

balance sheet (i.e. slightly different forms of interest-bearing public sector debt).°

Figure 1c, shows what happens when the Bank of England made purchases in periods
with unremunerated reserves. As mentioned, the Bank would have to drain the reserves
created by its purchases, typically with offsetting sales of Treasury bills to the commercial
banks. The only difference in this case to 1a and 1b is that commercial banks would have

Treasury bills to match the deposits created.

From Figure 2, we see the same analogy applies in reverse for gilt sales. The non-bank
private sector holds fewer deposits and more gilts. In the case of an overfunding opera-
tion, the over-issuance of gilts initially leads to a rise in government deposits at the central
bank at the expense of reserves. The complication is that the overfunding operations of
the 1980s also occurred during a period when reserve balances were unremunerated, and
banks held relatively small amounts. Thus, a significant overfunding operation pushes
reserve balances close to zero, putting upward pressure on money market rates. To main-
tain control of short-term interest rates the BoE purchases short-term bills from banks to
replenish their reserves; such operations are in red. Similar to QT, the commercial banks
hold fewer interest-bearing liquid assets as a counterpart to lower deposit liabilities.” As
the intention at the time was to help meet official monetary targets, overfunding may also
have had “signaling” effects on inflation and interest rate expectations over and above the

effects through portfolio balance channels.

The late 1980s to early 2000s saw further changes in debt management and the move
to full funding of deficits over either the financial year or over the course of a cycle. So

underfunding and overfunding episodes were rarer and there was a gradual separation

®This may imply some differences in the commercial bank response to QE if the perception of liquidity
differences between the two operations affect bank lending. However, the UK evidence for QE suggests little
impact on bank lending, see Busetto et al. (2022). We review the impact on bank lending in Section 5

“Initially, the bills the Bank bought were Treasury bills. When such bills matured the government re-
deemed them using its excess deposits at the central bank (this transaction is not shown in the diagram), so
the Bank of England balance sheet would return to its initial state as in Figure 1b. However, the stock of
Treasury bills held by the banks was limited and the Bank of England then turned towards purchasing com-
mercial bills. So a side-effect of overfunding was that the BoE ended up with a “bill mountain” of short-term
private sector paper which it had to roll over in the market to maintain banks’ reserves.
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Figure 1. Quantitative easing and bank funding balance sheet mechanisms

Notes: The top panel of this figure, Figure 1a, shows a QE operation by the central bank where it
purchases government bonds from non-bank investors. The bottom panel of this figure, Figure 1b,
shows what happens when commercial banks do the same. Figure 1c shows what happens when
the central bank makes purchases from non-bank investors and reserves are unremunerated forcing
it to sell Treasury bills to the commercial banks.

of the UK’s monetary policy and debt management objectives; we provide full details in

Online Appendix A, Table A.1.

The evolution of debt management operations occurred alongside other structural changes
in the policy paradigm, financial markets, and economic conditions, each of which are
likely to have influenced the transmission of different funding policies to the broader
economy. This motivates our agnostic prior on state contingency. We distinguish between
several regimes spanning the evolution of debt management policies and UK financial

markets.

The first episode covers 1964Q2-1971Q3, which we label "leaning against the wind". The
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Figure 2. Quantitative tightening and bank funding balance sheet mechanisms

Notes: The top panel of this figure, Figure 2a, shows a QT operation by the central bank where it
sells government bonds to non-bank investors. The bottom panel of this figure, Figure 2b, shows
what happens when commercial banks do the same. The arrows in red relate to Bank actions to
a significant overfunding operation. For example the overfunding operation of the 1980s saw no
renumeration of reserve balances and banks held relatively small amounts. Therefore a significant
overfunding operation pushes reserve balances close to zero, putting upward pressure on money
market rates. Operations in red represent the Bank of England interventions to replenish reserves.

general BoE policy over this period was to smooth long-term yield fluctuations through
purchase (sale) of government debt when gilt yields rise (fall).® Our next episode spans
1971Q3-1981Q4 that we label "Underfunding”. Throughout this period, the BoE allowed
for more market determination of yields. When the BoE deemed frictions impeded suf-
ticient secondary market gilt sales to preferred habitat investors, the financing of govern-
ment deficits was, by residual, from the banking system. As we show below, these were

on a scale equivalent to post-2009 QE operations .’

The next two episodes span 1982Q1-1986Q4 and 1987Q1-1992Q4 and are labelled
"Overfunding" and the "Big Bang", respectively. The former relates to the period when debt

management operations were geared towards a direct reduction in money supply growth

8 As in Figure 1c, the Bank would typically drain the reserves created by these operations by sales of bills
and short-maturity debt to the banking system.

9During the 1960s and 1970s, smoothing yield fluctuations was undertaken to protect the under-
capitalized stock market “jobbers” who acted as market makers and were largely small partnerships vul-
nerable to large movements in yields (see Allen (2019)). The subsequent market determination of yields
which put pressure on the jobbers as market makers and made the gilt market more sensitive to economic
and financial conditions. In practice, this period witnesses gilt sales to non-bank investors increasingly in
opportunistic bursts.



to meet official monetary targets (this represents the only major period where funding pol-
icy has analogous impacts on financial balance sheets at QT). The latter relates to the period
after major stock exchange reforms that increased the capitalization of market makers in
the gilt market. Our final two episodes span 1993Q1-1997Q2 and 1997Q3-2008Q4. The
former relates to the period that saw increased gilt market liquidity with the development
of the gilt repo market in 1996. The latter relates to the period when the operational in-
dependence of monetary and debt management policies was established and respectively
given to the Bank of England and the Debt Management Office to undertake. Table A.l
in Online Appendix A provides further details of our funding episodes, what makes them
distinct from one another, and how they relate to financial balance sheet effects of QE/QT
policies. In each regime, the purpose and role of debt management operations and their
relationship with monetary policy differs and there are also structural differences in the

depth and liquidity of financial markets.

Given the above, we use a measure of UK public sector debt sales to the banking system
to track the impact of unconventional monetary policies over time. Our measure, psc;, is
the contribution of public sector borrowing from the banking system to the annual growth
of the UK broad money supply, M4/M4ex. These data, part of the credit counterparts to
broad money growth (see Bridges and Thomas (2012), are available from the Bank of Eng-
land website as well as the Economic Statistics Centre of Excellence ESCoE historical data
repository, and go back to 1963 at a quarterly frequency. The "public sector contribution”
to broad money growth captures both over- and underfunding and reflects the holdings of
government debt of both the central bank and commercial banks. Therefore, our measure

encapsulates the operations we outline in Figures 1 and 2.1

Figure 3 plots psc; against a backdrop of the historical funding regimes we outlined
above, and the QE/QT operations from 2009. As we can see from the time profile of
psct, the measure increases strongly during the various OE periods in 2009, 2012, 2016
and 2020. From a historical perspective, this measure also shows the positive and negative

contributions to money growth as a result of the under- and overfunding episodes in the

19The link between funding from the banking system and broad money aggregates was key to the credit
counterparts analysis of the money supply starting in the late 1960s as central banks began to pay more
attention to the money supply. M4/M4ex is a break-adjusted series that splices conventional M4 with M4
excluding other financial corporations (OFCs); this is the Bank of England’s preferred measure of UK broad
money.
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1960s-1970s and 1980s, respectively. The highest values coincide with the largest rounds
of the Bank of England’s asset purchase facility, namely, QE1, QE2/3, and QE5. But earlier
operations in the 1960s and 1970s are on a similar scale. Then, towards the end of sample,

psc: becomes negative, in conjunction with the initial phase of QT.

[ T
P 150
12 LAW Underfund Overfund Big Bang Gilt Repo MPC indep, /DMO ” .

| | | . | | | |
1970 1980 1990 2000 2010 2020
Time

Figure 3. Public sector borrowing from the banking system as a proportion of UK broad money
supply from 1963-2024

Notes: The figure plots public sector borrowing from the banking system as a proportion of UK
broad money supply from 1963Q4-2024Q1, psc;. Shaded bars show historical funding regimes
where L.A.W is the "Lean Against the Wind" episode from 1963Q4-1971Q3. "Underfund", reflects
the underfunding of deficits during the period of Competition and Credit control, the mid-1970s gilt
strikes and the beginning of monetary targeting from 1971Q3-1981Q4. Overfund is the overfunding
episode from 1982Q1-1986Q4, Big Bang reflects the introduction of the "Big Bang" reforms and the
return to "full funding" over the period 1987Q1-1992Q4. Gilt-repo covers the more relaxed "full
financing" rule and the development of the gilt repo market from 1993Q1-1997Q2. MPC ind is
when the Bank of England obtained operational independence and the Debt Management Office
takes over debt management from 1997Q3-2008Q4. Unconventional monetary policy episodes (i.e.
QE/QT periods) are the bars from 2009 to 2024. QE1 is from 2009Q1-2010Q1; QE2/3 is from
2011Q4-2012Q4; QE4 is from 2016Q3-2017Q1; QE5 is from 2020Q1-2021Q4; QT1 is from 2022Q1-
2024Q1.

Our measure captures both past under- and overfunding operations, and recent QE/QT
operations in terms of the flow of purchases or sales scaled by their contribution to broad
money growth. This is an appropriate quantum to compare the size of operations over

time, given it is in line with a portfolio re-balancing approach where shares of portfolios
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relate to relative rates of return. When money is exchanged for gilts on the non-bank pri-
vate sector’s balance sheet, this implies rates of return will be a function of the percentage
change in the money stock, as in Pill (2022). It is also consistent with a monetarist view of
QE (QT), where the effects depend directly on the quantitative impact on the broad money
supply, as in Bridges and Thomas (2012) and King (2024).

We note here that nominal GDP is often used as a scaling variable for QE in other stud-
ies (see e.g. Weale and Wieladek, 2016), and that: i) a measure of the size of government
bond market could be another candidate for the denominator of psc; from a portfolio bal-
ance perspective; and ii) we might focus only on central bank holdings of government debt
going back in time. We formally address such issues by constructing alternative proxies of
psc: in Section 5. Notice that Figure A.2 in Appendix A shows that scaling bank purchase
of gilts by the UK broad money supply is quantitatively similar to scaling by nominal GDP
for the period since 2009 and hence our impulse response analysis is comparable to prior

studies of recent QE episodes (e.g. Weale and Wieladek, 2016).

In addition to psc;, we use UK macroeconomic data relevant for assessing the impact of
QE (QT) over time, from 1963Q3-2024Q1. The end of the sample covers the passive phase
of QT from 2022Q1 and the active sales phase beginning in 2022Q4 up to the first quarter of
2024. To proxy economic activity, we use the output gap data series provided by the Office
for Budget Responsibility (OBR), y;. The output gap is available from 1972 onwards. We
extend the data back to 1963 by constructing an average output gap measure using: (i) the
Hodrick and Prescott (1997) filter; (ii) the Christiano and Fitzgerald (2003) band pass filter;
and (iii) a quadratic trend filter. We also obtain, from the Bank of England’s Millennium
of Macroeconomic Database, the annual rate of consumer price inflation, 7r;; Bank Rate, ry;
and the 10-year gilt yield, lty,. We plot the economic data in Online Appendix A in Figure
A3.

3 A flexible approach to modeling state contingencies

Our approach to tracking state contingency in the impact of UMPs allows for the pos-
sibility of non-recurring regimes whilst retaining the possibility of recurring regimes if the

data dictates. We specify a time-varying coefficient VAR model (TVP-VAR) with p lags
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and N variables as

k
Y: = ﬁO,t + Z ,Bp,th—p + ey, 1)
p=1
_1
e = Oy, 1, -N(0Iy) )
where Y; = [ry, psc,, lty,, m, yt,]/. Y;-p contains lags of Y;. We estimate the model

based on Quasi-Bayesian Local Likelihood methods following Petrova (2019), and provide

further estimation details and relative benefits of such an approach in Online Appendix B.

3.1 Structural Identification

We conduct structural inference using time-varying impulse response functions that at
each point in time assume that parameters remain constant over the impulse horizon (60
quarters). This is because time variation in the autoregressive parameters and covariance
matrices evolves in a non-parametric manner and hence possesses no laws of motion. We
use the algorithm of Arias et al. (2018) to identify structural shocks using contemporaneous
sign restrictions and zero restrictions.!! Specifically, we identify: a monetary policy shock,
v;np ; a bank funding shock, v? ; a supply shock, v{; a (non-policy) demand shock, vf ;and a
long-term yield shock v,lfty. Table 1 reports the contemporaneous response of our variables

to each identified shock.

Our restrictions for v{l are consistent with the channels through which unconventional
monetary policies are thought to affect an economy (see e.g. Bridges and Thomas, 2012;
Kapetanios et al., 2012; Weale and Wieladek, 2016). It is distinct from a conventional mone-
tary policy shock through the zero impact restriction on the short-term interest rate similar
to the pure spread shock in Baumeister and Benati (2013). The positive impact response
to the output gap captures the expansionary effects UMPs have on the real economy, and
the response of the long-term yield proxies the financial market impact of bank funding

shocks, although we check the impact on other financial variables in Section 5. We also im-

HThere is an ongoing debate around this identification procedure, with Baumeister and Hamilton (2015)
critique the prior does not vanish asymptotically and others, including for example Arias et al. (2025), de-
fending such an approach. They show, for a various VAR models identified using sign restrictions, that
the point-wise posterior median and credible sets are qualitatively similar to those using our identification
scheme. Technically taking these points from the posterior are just as likely as any point of the distribution.
Given the findings in the former, we proceed in this case, noting to the reader one must interpret our results
with this in mind.

13



pose a zero "nominal rigidity" restriction on inflation in our baseline specification, although

we relax this in our robustness analysis.

Table 1. Contemporaneous Sign Restrictions

Notes: This table reports the contemporaneous response of: the Bank Rate, r;; public sector debt
sales to the banking sector as a percentage of the broad money stock, psc,; the long-term (i.e., 10-
year gilt) gilt yield, lty,; inflation, 71;; and output gap, y; to structural shocks. v, is a monetary
policy shock; v} is a bank funding shock; v§ is a supply shock; v¢ is a demand non-policy shock;
and v:ty is a long-term yield shock. 0 denotes a zero response on impact, “x” denotes no restriction.

v;np v? \4 v? vity
Iy > 0O x > 0
psc; X > X x Z
Ity, x < x > >
> < 0 < > <
Yt < > > =2 <

Canova and Paustian (2011) argue the importance of identifying all theoretically plau-
sible shocks in order to refine inference for the shock of interest. Therefore, the restrictions
we impose to identify monetary policy, v}'F, supply v$ , and demand non-policy shocks,
vd, stem from a standard New Keynesian model and are popular within the literature (see
e.g. Ellington, 2022, among others). It is important to note that in using the output gap,

d

v;,vi are more precisely interpretable as a "cost push" and "net demand" shock, respec-

tively; we name these as supply and demand for simplicity.'?

The long-term yield shock, v}ty, is identified as a fall in the demand for risky assets
and a “dash for cash” by non-bank investors in the gilt market. This raises gilt yields and
public sector debt sales to the banking system either because the debt manager shifts by
default towards bank funding (given the difficulty of funding from traditional investors),

or because the central bank responds with more QE to stabilize long-term yields.

Collectively, the restrictions above are sufficient to separate the shocks from one another.
As an initial diagnostic, Figure C.1 in Online Appendix C plots the time-series of posterior
draws for our bank funding shock, v{l, alongside the QE shocks Braun et al. (2025) identify
based on high frequency analysis of intra-day announcements. Direct comparisons here

should be made with caution given our shocks are based on quarterly surprises. Overall,

12We also use annual real GDP growth in place of the output gap. Results and conclusions are consistent
with those we present in the main text and are in Online Appendix D. The only notable difference relates to
unrealistic counterfactual analyses as a result of outliers due to the COVID-19 pandemic.
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our bank funding shocks display some similarity to those of Braun et al. (2025) during
QE periods, albeit the correlation coefficients at different lag lengths are relatively low
at 0.1-0.2 over the UMP period.'> However, their shock seldom falls out of the range of
posterior draws of our bank funding shocks. Also, the relative size of QE shocks is similar
across episodes in both cases, suggesting that earlier rounds of QE were perhaps less of
a surprise than previously thought, given the high degree of anticipation suggested by

surveys in later rounds (see Bernanke (2020)).1

4 Results
4.1 Model evaluation

We first evaluate the fit of the model using the deviance information criterion (DIC) in
Spiegelhalter et al. (2002). The DIC contains two terms, one evaluating fit and a penalty
term for model complexity. The DIC is given by

DIC =D + pp (3)

where D = —2E[In L(A;)] evaluates model fit with E[In L(A;)] denoting the average
log likelihood over posterior draws, and pp = D + 21In L(E[A;]) is model complexity with
In L(E[A;]) denoting the log likelihood at the posterior mean of parameter draws. The data

better supports models with a lower DICs.

Table 2 shows the expected value of the log likelihood over posterior draws, E[In L(A;)],
the penalty term for model complexity, pp, and the Bayesian Deviance Information Cri-
terion, DIC (Spiegelhalter et al., 2002). The first column reports results for our baseline,
that is, the TVP-VAR we outline in 3. Column two of Table 2 shows analogous results for
a standard BVAR using a Minnesota inverse Wishart prior. The next three columns con-
sider models with different sources of time variation in parameters, namely a BVAR with

stochastic volatility (BVAR-SV), a time-varying parameter VAR with constant covariance

13Gpecifically, the full-sample correlation (i.e. from 1997Q2-2024Q1) between the QE shock averaged
(summed) over months in the quarter in Braun et al. (2025), and the posterior mean of v} lagged by two
periods is 0.23 (0.19), if we use two lags to account for the VAR dynamics. Taking the sample 2009Q1-
2024Q1 the analogous correlation is 0.24 (0.20). Based on a contemporaneous comparison the correlation
drops to 0.1

14We consider alternative identification schemes for the bank funding shock and discuss these in our
robustness analysis.
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matrix (TVC-VAR), and a TVP-VAR with stochastic volatility (TVP-VAR-SV). We estimate
such models following Chan and Eisenstat (2018); in all cases we use the same lag length
and number of simulations as in our baseline case. Since these models require MCMC
methods, we estimate five chains to produce DIC estimates and report the mean over the

chains, along with the standard deviations in square brackets.

Table 2. Model evaluation

Notes: This table reports the expected value of the log likelihood over posterior draws, E[In L(A;)],
the penalty term for model complexity, pp, and the Bayesian Deviance Information Criterion, DIC
(Spiegelhalter et al., 2002) for: our baseline Petrova (2019) TVP-VAR in the first column; a tradi-
tional Bayesian VAR with Minnesota inverse Wishart prior, BVAR, in the second column; while
columns three to five show results for a BVAR with stochastic volatility, BVAR-SV; a time-varying
parameter VAR with a constant covariance matrix, TVC-VAR; and a time-varying parameter VAR
with stochastic volatility. The three latter use the estimation approach in Chan and Eisenstat (2018)
and consider 5 chains to generate DIC statistics. Therefore the values we report are averages over
the chains, and values in square brackets are the standard deviations. Models in columns one and
two do not require Markov Chain Monte Carlo Simulation.

Petrova (2019) Chan and Eisenstat (2018)
TVP-VAR BVAR BVAR-SV  TVC-VAR TVP-VAR-SV
E[InL(A;)] -647 -2027 -1136[1.79] -1357 [0.86] -1260 [0.26]
PD 192 111 150 [3.56] 68 [0.41] 79 [1.15]
DIC 1486 4164 2422 [7.14] 2782 [1.83] 2599 [1.50]

It is clear our baseline TVP has the most support from the data with a DIC considerably
lower than all competing models. The TVP-VAR has the highest penalty term of 192, yet
the log likelihood averaged over posterior draws is substantially larger, at -647, than the
alternative specifications we consider. The BVAR possesses the lowest support from the
data with E[In L(A;)]=-2027, pp=111, and a DIC of 4164. Looking at the specifications with
time variation the TVC-VAR has the next highest DIC (averaged over chains) of 2782, then
comes the TVP-VAR-SV with a DIC of 2599, and the BVAR-SV ranks second with a DIC
of 2422. The standard deviations over the chains are relatively tight, with the BVAR-SV
displaying the largest standard deviation across all statistics. Overall, Table 2 leads us to

conclude that the data best supports our baseline TVP-VAR.

4.2 Bank funding shocks across QE/QT periods and historical funding episodes

First, we consider the impact of bank funding shocks during the historical debt manage-

ment operations in the UK occurring before QE/QT. Figure 4 shows the impulse response
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functions that we average over historical funding episodes. We normalize the impulse
responses such that a bank funding shock causes psc; to increase broad money by 1%
on impact. The green lines and shaded areas represent the episodes shown prior to the
forward slash on the y-axis label. The black lines and shaded areas represent episodes
following the forward slash on the y-axis label. This shows clear differences in the impact
of UMPs over various historical funding regimes. The sensitivity of economic variables
changes as we move through time as policy and the structure of financial markets change.
In particular, the output gap and inflation are more sensitive on average during the under-
funding episodes in the 1960s and 1970s relative to the overfunding episode of the 1980s.

We explore changes in the transmission mechanism in more detail in Section 4.3.

Next, we examine the evolution of the impact of unanticipated bank funding shocks
across the 5 phases of QE and initial phase of QT. Figure 5 reports the posterior median
and 68% posterior credible intervals for the impulse response functions with respect to
bank funding shocks that we average over each QE or QT episode.!”> We opt for average
responses because the main focus of the paper is on differences across QE/QT episodes
rather than differences within a given QE (or QT) episode. Again, we normalize the impulse
responses such that a bank funding shock causes psc; to increase broad money by 1% on

impact, which is approximately equivalent to 1% on nominal GDP in the period since 2009.

The long-term yield declines in response to a unit bank funding shock in all QE
episodes by up to 20 basis points; the impact is larger and more persistent during the
earlier QE1 and QE2/3 episodes, which corresponds to higher uncertainty in financial
markets over the 2008/09 financial crisis. The Bank Rate response is flat and insignificant
in the early QE episodes, but increases during the later UMP episodes; peaking at 15 ba-
sis points in QE5. This gives us some scope to distinguish between the time variation in
responses that result from changes in the portfolio rebalancing and signaling channels of

QE, an issue we consider in Section 4.3.

Over QE1 and QE2/3, there is a similar peak impact on the output gap of around 0.16
percentage points and the impact remains significantly different from zero for 20 quarters.

These are well within the range of estimates for QE1 Busetto et al. (2022) reports for GDP.

15We compute simple impulse response functions because parameter evolution is nonparametric in our
model.
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Figure 4. Impulse response functions to bank funding shocks: Averages over historical funding
episodes

Notes: This figure plots the impulse response functions of all variables with respect to bank funding
shocks averaged over historical funding episodes. The green lines and shaded areas represent
the episodes prior to the forward slash on the y-axis label. The black lines and shaded areas
represent episodes following the forward slash on the y-axis label. L.A.W is the "Lean Against the
Wind" episode from 1963Q4-1971Q3. "Underfund"”, reflects the underfunding of deficits during the
period of Competition and Credit control, the mid-1970s gilt strikes and the beginning of monetary
targeting from 1971Q3-1981Q4. Overfund is the overfunding episode from 1982Q1-1986Q4, Big
Bang reflects the introduction of the "Big Bang" reforms and the return to "full funding" over the
period 1987Q1-1992Q4. Gilt-repo covers the more relaxed "full financing" rule and the development
of the gilt repo market from 1993Q1-1997Q2. MPC ind is when the Bank of England obtained
operational independence and the Debt Management Office takes over debt management from
1997Q3-2008Q4. y; is the OBR’s output gap; 7 is annual CPI inflation; r; is the Bank Rate; lty; is
the 10-year gilt yield; and psc; is public sector bank funding as a percent of M4. We normalize the
distribution of the responses such that a one-standard deviation bank funding shock causes psc; to
rise by 1%.

The peak impact on annual CPI inflation is around half the size of the impact of GDP which
is also consistent with the estimates of Joyce et al. (2011), Bridges and Thomas (2012) and
Cloyne et al. (2015) .

During QE4 and QES5, the effect on the output gap is less persistent, but with the peak
impact being slightly higher at around 0.18-0.20 percentage points, despite the lower and

less persistent impact on gilt yields. Relative to earlier QE episodes, the peak response
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Figure 5. Impulse response functions to bank funding shocks: Averages over QE/QT episodes
Notes: This figure plots the impulse response functions of all variables with respect to bank funding
shocks averaged over unconventional monetary policy episodes. QE1 is from 2009Q1-2010Q1;
QE2/3 is from 2011Q4-2012Q4; QE4 is from 2016Q3-2017Q1; QES5 is from 2020Q1-2021Q4; QT1 is
from 2022Q1-2024Q1. y; is the OBR’s output gap; 71; is annual CPI inflation; r; is the Bank Rate;
lty; is the 10-year gilt yield; and psc; is the public sector contribution to M4/M4ex growth. We
normalize the distribution of the responses such that a one-standard deviation bank funding shock
causes psc; to rise by 1%.
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of inflation is also stronger during QE4, QE5, and QT, at 0.35 percentage points. During
QT, and for a shock of equivalent size, the output gap, inflation and Bank Rate rise in a
similar manner to the QE5 episode; possibly due to the two periods’ proximity to each
other. The main takeaway point is there is considerable time variation in the magnitude

and persistence of responses to different QE/QT episodes.

To investigate this formally, we consider the joint distribution of the accumulated re-
sponses of macroeconomic variables with respect to bank funding shocks averaged over

the historical debt management operations and QE episodes. Let ®; = (91[1], 91.[2], e, OZ[R]>

and O = (9][(1], 9,[3], e, 91£R1> be matrices containing the R posterior draws of the / horizon
accumulated impulse response functions of macroeconomic variables in periods i and k re-
spectively. Then, the Hellinger distance, H (®;, ®) and posterior probability differences,

@, are given by

H(O;, 0) = V1-9¢ 4)
ZH[( r—@”) v>0} ()

r=1

Wi =

=) =

where Equation (4) satisfies 0 < H (©;, Of) < 1 and H (®;, ©f) = 0 if and only if
@; = O and ¢ is the Bhattacharyya coefficient.'® Hence as H (®;, ®;) — 1 the lower
the overlap, with H (®;, ®r) = 1 implying the distributions are disjoint. In Equation (5)

v =

HZ iig ’; G and I is an indicator function taking values of 1 if the condition is satisfied,
zero otherwise. Such a metric provides a nonparametric projection of pairwise differences
between posterior draws from accumulated impulse response functions during periods i
and k relative to the line connecting their posterior means. Hence, it is a simple measure

of directional posterior separation, thus @;, — 1 (@, — 0) indicates strong separation (in

the reverse direction).!”

®In  our case where the posterior distribution of impulse response functions fol-
low a multivariate normal, the Bhattacharyya coefficient is analytical and given by ¢ =

VI , -1 . .
|Z)12_+2|k2"1/2 exp (—é(yi — )" <@> (ui — yk)). Here. X;, X; denote the covariance matrices of
12

®;, O, and p;, py are vectors of the row means of ©;, Oy.
17 Available on request are statistics pertaining differences in impulse responses functions pertinent to
each economic variable. Overall, the same conclusion holds true when looking at these metrics.
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Table 3. Testing for state contingencies in bank funding shocks

Notes: This table reports Hellinger distances (in Panel A) and posterior probability distances (in
Panel B) of the joint distribution of impulse response functions of macroeconomic variables with re-
spect to bank funding shocks over different {7, k} periods in the sample 1964Q2-2024Q1. Columns
refer to period i and rows refer to period k, hence elements in provide results concerning the
joint posterior distribution of period i versus period k accumulated impulse response functions.

Let ©; = (91[1},91[2}, . ,GZ[R]) and O = (9,£1],9,£2], . .,GIER}) be matrices containing the R posterior
draws of the I = 61 horizon accumulated impulse response functions of macroeconomic variables
in periods i and k respectively. Then, the Hellinger distance is given by H (®;, ®) = /1 — ¢ and
satisfies 0 < H (©;, ©) < 1 and H (0O;, O) = 0 if and only if ©; = Oy; ¢ is the Bhattacharyya co-
efficient. The posterior probability difference is given by @;x = + Y~ I [(91-[4 - 9][:]) ﬁ > 0} ,
with I being an indicator function taking values of 1 if the condition is satisfied, zero otherwise.
L.A.W is "Leaning Against the Wind" from 1963Q4-1971Q3. "Underfund", is the underfunding pe-
riod from 1971Q3-1981Q4. Overfund is the overfunding episode from 1982Q1-1986Q4, Big Bang is
the introduction of the "Big Bang" reforms from 1987Q1-1992Q4. Gilt Repo spans the development
of the gilt repo market from 1993Q1-1997Q2. MPC Ind. begins when the Bank of England obtained
operational independence and the Debt Management Office takes over debt management from
1997Q3-2008Q4. QE (QT) refer to quantitative easing (tightening) periods. QE1 is from 2009Q1-
2010Q1; QE2/3 is from 2011Q4-2012Q4; QE4 is from 2016Q3-2017Q1; QE5 is from 2020Q1-2021Q4;
QT1 is from 2022Q1-2024Q1. We highlight in bold font the posterior probability differences that
equal 0.95 or higher.

A: Hellinger distances
Underfund Overfund Big Bang Gilt Repo MPCInd. QE1 QE2/3 QE4 QE5 QT1

LAW 0.90 0.93 0.98 0.94 086 076 092 093 089 0.89
Underfund 0.94 0.99 0.97 095 094 099 098 096 0.97
Overfund 0.98 0.97 093 094 099 099 096 0.98
Big Bang 0.90 095 099 099 098 092 0.99
Gilt Repo 087 095 096 095 086 0.97
MPC Ind. 077 093 092 088 095
QF1 086 092 092 0.94
QE2/3 097 096 0.98
QE4 092 0.98
QE5 0.90

B: Posterior probability differences
Underfund Overfund Big Bang Gilt Repo MPCInd. QE1 QE2/3 QE4 QE5 QT1

LAW 0.78 0.96 0.96 0.96 0.97 0.97 097 0.81 0.87 0.87
Underfund 0.85 091 0.94 0.96 0.97 097 079 091 092
Overfund 0.67 0.95 0.98 0.97 098 094 098 0.97
Big Bang 0.89 0.95 0.94 095 0.77 0.97 0.96
Gilt Repo 0.79 0.82 0.81 0.88 0.98 0.96
MPC Ind. 0.73 073 094 097 093
QE1 046 088 0.96 092
QE2/3 0.83 091 0.97
QE4 0.71 0.63
QE5 0.45
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Table 3 reports the Hellinger distances in Panel A and the posterior probability differ-
ences in Panel B for the joint distribution of & = 61 quarter accumulated impulse response
functions in periods i (columns) and k (rows) throughout our sample. We benchmark the
n-th period against the remaining n — 1 periods we consider in Figure 4 and Figure 5. Com-
paring QE/QT periods with one another, Hellinger distances range from 0.85-0.99 thereby
suggesting little overlap in the joint distribution of accumulated impulse response func-
tions. Note also that the impact of bank funding shocks over QE/QT periods are distinct
from historical funding episodes and policy regimes. The lowest Hellinger distances are
0.76 and 0.77. They stem from comparing QE1 with "leaning against the wind" and QE1
with the period 1997Q4-2008Q4 when the Bank obtained monetary policy independence
(MPC Ind.), respectively; and still imply substantial differences.

Turning to Panel B, 56% of the 45 possible comparisons have a posterior probability
difference greater than 0.95, with 73% exceeding 0.9. These statistics, albeit less so than
the Hellinger distances, also provide strong evidence in favor of state contingencies over
respective QE/QT periods. For instance, they suggest that the joint distribution of accu-
mulated responses of our macroeconomic variables with respect to bank funding shocks
in QE5 are larger than in QE1; the same holds true for QT1 versus QE4. Observe also that
QE/QT periods, particularly QE1 and QE2/3 are distinct from funding regimes spanning
the 1960s to early 1980s.

Taken together, Table 3 provides strong support in favour of state-contingent effects of
QE and QT. Not only do we observe statistically credible differences over successive QE
periods, but also substantial differences when comparing QE periods with the first phase
of QT. In a historical context, we also observe clear state contingencies of recent UMPs with
UMP-like episodes in the first part of our sample. We summarise the change in impulse

responses over time in Figure C.2.

Overall, this section leads us to conclude that state contingencies are present across
episodes of UMP and historical regimes, and hence, justifies the use of TVP-VAR mod-
els since by construction they allow for many regimes (Granger, 2008). This result also
conforms with the work of, for example, Pettenuzzo and Timmermann (2017) who argue

against the assumption of recurring regimes; we discuss results of models assuming recur-
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ring regimes in Section 5. The next step is to try and understand why and at what stage

of transmission there is time variation in the magnitude and persistence of responses to

different QE/QT episodes.

4.3 Transmission mechanism dynamics of unconventional monetary policies

To investigate the potential drivers of state contingency further, we break down the
transmission mechanism of UMPs into different stages and calculate the time variation in
some of the key semi-elasticities or slopes that theory suggests drive the response to bank
funding shocks. This follows Kanngiesser and Willems (2024) who apply this method to

the analysis of forecast errors.

At the first stage of the transmission mechanism, we look at the responsiveness of gilt
yields to the quantity of asset purchases or sales. We distinguish between portfolio rebal-
ancing and signaling channels by deriving a model-consistent measure of the term pre-
mium on government bonds as tpy = lty, — E¢ (ry.1140), where E; (r4.440) = % 2?21 irf;’iq,
where irf}, denotes the impulse response function of variable 7 at the ith horizon with
respect to shock x. The first term is the current 10-year long-term yield rate, and the
second term is the time t expectation of the average Bank rate over the next 40 quarters
with respect to a bank funding shock. The sensitivity of the term-premium is the first-year
average of the response of tpy, 4112?:1 tpi. We interpret this as the strength of asset sub-
stitutability (i.e. portfolio rebalancing). We summarize the signaling channel by residual

E¢ (r1.4140) where we take the first-year average of }12?:1 E¢ (ty.4440)-

We also compute the slopes of the IS and Phillips curves (PC) implied by the impulse
response functions to bank funding shocks. The former is the response of the output
gap relative to the response of long-term yields, and the latter is the response of inflation
relative to the response of the output gap at a suitable horizon. Such semi-elasticities
allow us to examine at what stage of transmission the state contingency of unconventional
monetary policies occurs. Specifically, we compute the slope of the IS curve and two

different approaches for the slope of the Phillips curve as:
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. VLYo
max <1rft y°'60>

A(IS)y = (6)
irf;’q’ltyo
max (irf;'q’n‘mo)
APC); = )
max (irf;’q’y 0:6(’)

where A(IS); takes the time t peak response of the output gap over the impulse hori-

q/y0:60> v Ityo

zon, max (irf:’ relative to the time t impact response of long-term yields, irf, ,

with respect to bank funding shocks. A(PC); takes the time ¢ peak response of inflation,
max (irf;'q’m):“) , relative to the time ¢ peak response of the output gap, max (irf;’q’y 0:6°> 18

We plot our breakdown of the transmission mechanism dynamics in Figure 6. First,
we consider the sensitivity of gilt yields to bank funding shocks broken down into its
term-premia and expected future rate components (i.e. the top left and right panels of
Figure 6). We observe an increasing response (in absolute value) of the term-premium from
1964-1995. This likely reflects difficulties the BoE had in selling gilts during the volatile
movements in financial markets during the 1970s. There is little initial impact from the Big
Bang reforms in 1986 and the increases in sensitivity in the early 1990s might be linked to
a large fiscal deficit creating uncertainty in the early 1990s. As fiscal policy tightens and

the development of gilt repo market improves liquidity conditions, we observe a flattening

trend in the 2000s.

The flattening of the term premium response continues over the QE episodes. The
decline in the response of gilt yields we see in Figures 4-5 therefore appears predominantly
due to changes in the responsiveness of expectations of future short-rates. This implies the
signaling channel is stronger during QE1 than later episodes. During QEIl, there is little
response of short-term rates to the positive inflationary impact of a bank funding shock,

whereas in QE2/3 and QE4 the response of the short-rate increases. This implies that in

18From a monetarist perspective the slope of the money demand function can be considered analogous to
the response of tp. Additionally, we consider another variant of the slope of the Phillips curve as the 8-quarter

. v

irf, 8
v4,y

irf, Va

ahead response of inflation relative to the 4-quarter ahead response of the output gap, A(PC);; =

where A(PC) ; takes the time t two-year response of inflation, ilrf;’q’"8 relative to the corresponding one-year

response of the output gap, irffq’y4 These results are in Online Appendix C.4.
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Figure 6. Transmission Mechanism of bank funding (v%) shocks

Notes: The top left panel of this figure shows the sensitivity of the term premium which we proxy
as the 1-year average of the current 10-year yield rate, lty;, minus the time t expectation of the
average level of Bank rate over the next 40 quarters. We back out the expectation from the impulse
response functions of r; with respect to a bank funding shock. This represents the asset substi-
tutability channel throughout QE (QT) and other unconventional monetary policy episodes. The
top right panel shows the 1-year average of the time t expectation of the average level of Bank rate
over the next 40 quarters, which represents the signaling channel throughout QE (QT) and other
unconventional monetary policy episodes. The bottom right panel shows the slope of the IS curve
which represents the sensitivity of demand to yields. We proxy this as the ratio between time ¢
peak horizon response of the impulse response function of the output gap to bank funding shocks,
divided by the impact response of Ity; to the bank funding shock. The bottom right panel shows
the slope of the Phillips curve which we proxy as the ratio of the peak horizon impulse response
of inflation at time ¢ with respect to bank funding shocks and the corresponding peak horizon re-
sponse at time t of the output gap.
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QET1 rates are expected to be kept "lower for longer" relative to the average policy reaction
across all episodes. As the sensitivity of the term premium is flat across QE (QT) periods,
the implication is that the impact of portfolio rebalancing was similar over each episode,

but the signaling channel becomes progressively weaker. *.

Turning to the slope of the IS curve (bottom panel of Figure 6), demand is more re-
sponsive to gilt yields during the underfunding episodes of the 1960s and 1970s. These are
of similar magnitude to those during the latter QE episodes and subsequent QT policies.
Overall, the sensitivity of demand is greater during later QE episodes relative to those in
2009-2013. This implies households and firms react more strongly to the higher wealth
and lower cost of capital arising from lower long-term yields. Given the high levels of un-
certainty in the financial crisis, this might indicate increases in confidence and reductions
in economic uncertainty are a source of state contingency at this stage of the transmis-
sion mechanism. Alternatively, it might imply other asset prices became more respon-
sive to falls in gilt yields or that transmission through non-bank financial intermediaries
(NBFIs), which typically operate at longer maturities, may have been more important in

later episodes (Bank of England (2021)); we examine this further in Section 5.

Finally, we consider estimates of the (reduced-form) slope of the Phillips curve in the
bottom right panel of Figure 6. The Phillips curve slope is relatively flat from the mid-
1990s to late 2010s with a relationship of just under 0.5. The slope increases to around
1.5 towards the end of our sample in 2024; similar to the late 1970s and early 1980s. The
state contingency apparent in the slope of the Phillips curve might suggest there were
changes in underlying real and nominal rigidities as a result of supply side conditions
following the pandemic in the latter years of our sample. This is supported in Online
Appendix C.4 where we show the increase in the slope of the Phillips curve in response
to monetary policy shocks over this period. We also show in our robustness analysis that
neither the exchange rate or inflation expectations appear to be driving the change in the
reduced-form slope of the Phillips curve. However, the quantitative change in the slope

does appear sensitive to using a measure of core inflation in the VAR, as we show later. On

9This is consistent with MPC guidance for QT that the stock of assets would be unwound gradually
and predictably and that Bank Rate was the marginal instrument of monetary policy. Any financial market
impact of QT would therefore be expected to involve an offsetting conventional policy response (see Bank of
England (2024))
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the whole, these findings resonate well with Costain et al. (2022), and Inoue et al. (2024).
These papers respectively find a flattening in the UK and US Phillips curves since 1980 and
an increase in the slope of the UK and US Phillips curve since 2020.

4.4 Quantitative Easing/Tightening counterfactuals

Here, we present counterfactuals to examine the state-contingent impact of the various
rounds of QE and QT on the UK economy. As discussed in Bernanke (2020) and Busetto
et al. (2022), it is important to distinguish between the unanticipated impact of QE and its
total impact which incorporates the systematic or expected response of QE already built
into expectations. For example, many event study analyses of QE are only able to pick
up the unanticipated effect of QE in the short windows following QE announcements. If
QE is already priced into financial market prices or only operates with a lag after policy
announcements or auctions, the total impact of QT on gilt rates could be underestimated

by these methods.

Our approach to QE/QT counterfactuals first involves assessing the conditional path
of each economic variable, holding the amount of QE/QT in successive rounds constant.
From this we can calculate the total implied response of each variable to the amount of
QE/QT in each episode. We then decompose those impacts into the anticipated or "sys-
tematic policy" component of QE/QT and the unanticipated or "policy shock" component.
The unanticipated component is the marginal impact of the actual bank funding shocks we
observe in a given QE (QT) period (and assumed zero thereafter). The anticipated or sys-
tematic component of QE/QT is then the difference between the total and unanticipated

path response of each variable.

First, we evaluate the total impact of QE (QT) through isolating the set of bank funding
shocks that deliver the total amount of QE/QT in a given period. We construct the flow
of QE (QT) for each period which delivers the amount of QE’s (QT’s) contribution to the
broad money stock, call this QF?. This is a vector of length H = 61, which corresponds
to the impulse response horizon. This vector contains non-zero elements equal to the flow

of QE (QT) in a given episode, and zeroes otherwise. We then define a H x H matrix Q

2Because QF is a contribution to four-quarter broad money growth, there is an overlap in the effects of
QE5 and QT in the 2022Q1 to 2022Q3 period. To minimise the effects of this overlap, we introduce QT in
2022Q4 when active sales start, noting that the four-quarter growth rate in this quarter will still incorporate
the passive redemption of gilts in 2022Q1.
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that contains inversions of the time-series median impulse response functions of psc; with
respect to a bank funding shock over the QE (QT) episode each row of the matrix Q. Then

we find the set of shocks, e;’q’*, that minimizes the following objective function:

q . —r
e"'* = min|Qx — QF,|?>, where
t p h
[, psc, T
1rf1’1 0 0 0 0
. PSc, .. psc
11‘f2,1 11"f1,1 0 0 0
. PS¢, .. psc . psc,
0 - 11"f3,1 1rf2/1 1rf1,1 0 0
. (PSC, . Psc . Psc . (Psc
irf 41 1rf3’1 11'f2’1 1rf1,1 0
. . . 0
. psc, . psc . (psc, . psc, .. psc,
_ler,l ler—l,l 11"fH_2’1 11‘fH_3,1 e 11‘f1,1 |

The minimization problem delivers the counterfactual set of bank funding shocks that
match the flow of QE (QT) for each episode, such that efq’* isa H x 1 vector. We assume the
set of shocks represent "modest interventions" in each episode as in Leeper and Zha (2003).
This is a strong assumption as it assumes that if QE had not responded at all to economic
shocks, all the other VAR parameters would be unchanged. But it does provide a useful
benchmark counterfactual to evaluate how big the total effects of QE/QT might be relative
to the unanticipated component. Given the set of shocks, we then invert the impulse
response functions of all other variables and perform an element-wise multiplication by the
cumulative sum of e;’q’* over the impulse horizon. This delivers an estimate of how much
each unconventional monetary policy episode contributes to the output gap, inflation and

long-term yields based on the amount of QE (QT) in the period.

Next, to compute the marginal impact of unanticipated QE/QT, we take estimates of
the actual bank funding shocks we observe in a given QE (QT) period and hold them to
zero thereafter. We then invert the median impulse response functions over the given QE
(QT) episode, and perform an element-wise multiplication by the cumulative sum of such
shocks. This counterfactual delivers the marginal impact of unanticipated QE (QT) on each
economic variable. Such impacts are a closer comparison to the effects that event studies

of QE operations capture (see e.g. Busetto et al., 2022; Braun et al., 2025), which form the
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bulk of the range of estimates in the literature.

We plot the posterior median response of the output gap, inflation and long-term yields
from our counterfactuals in Figure 7. The top row shows the total impact of QE (QT) (i.e.
derived from our first counterfactual that assumes QE (QT) did not respond to any of the
economic shocks in the model). The second row shows the unanticipated proportion of
QE (QT) by episode; i.e. the amount of QE/QT attributable to the v? shock alone. In
Online Appendix C.3 we report corresponding plots with 68% posterior credible intervals

in Figures C.6 and C.7. All counterfactual responses are credibly different from zero.

First, we make a comparison of the relative size of the unanticipated and systematic
effects of QE/QT in each episode. This provides an estimate of how much larger the
systematic effect might be relative to the unanticipated effects, captured by event studies

and other methods that focus on QE surprises®!

. For QEI1, the proportion of the unan-
ticipated component attributable to the total response of each variable at respective peak
is around 10%. We observe similar proportions attributable to the unanticipated compo-
nent of QE2/3. In QE4, the proportion attributable to unanticipated components hover
around 40-47%. However, the overall impact of QE4 is substantially smaller relative to
other episodes given the low amount of gilts purchased in the scheme. For the QE5 and
QT1 counterfactuals, the proportion of the output gap, inflation and gilt yield responses
attributable to the unanticipated component are also higher than QE1 and QE2/3. In QES5,
the unanticipated component accounts for 15%, 18%, and 15% of the total response of the
output gap, inflation and yields, respectively. The corresponding percentages attributable

to the total output gap, inflation, and gilt yield response during QT are 11%, 27%, and
20%, respectively.

Overall, this indicates the unanticipated component contributes relatively small amounts
to total movements in our baseline results. Our estimates suggest one could have been able
to anticipate the lion’s share of QE/QT policy from the underlying shocks that hit the econ-
omy. This is also shown in the historical decomposition of psc; in Figure C.5. If this is also

reflective of financial market participants” expectations of the QE/QT response, as for ex-

2INote event study impacts can be scaled up to give a total impact if they can be combined with estimates
of the surprise component of the announced quantities, for example, from surveys of market participants
made immediately prior to the announcement.
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ample Braun et al. (2025) suggest, it implies a good understanding of the reaction function

of the MPC over the 2009-2024 period.??

Next we examine the total peak responses across episodes and compare them to other
estimates in the literature. We focus on the median effects here but Figures C.6-C.7 indicate
the significant degree of uncertainty around these central case estimates. During QE1 (i.e.
2009Q1-2010Q1), the total median impact of £200bn of gilt purchases (13 per cent of initial
M4ex) increases the output gap and inflation by 2.8 percentage points and 0.9 percentage
points, respectively; these are within the range of impacts in Joyce et al. (2011). However,
QE1 compresses gilt yields by around 200 basis points on average over the period. This is
much larger than the 100 basis points that, e.g. Joyce et al. (2011) and Busetto et al. (2022)
report for the UK based on event studies. However, as discussed above, these studies are
more comparable with the impact of the unanticipated component from our counterfactual
analysis. In this case, the gilt yield impact of around 20-35 basis points for a £20bn surprise
in QE is smaller than the 100 basis points impact from a £140bn QE surprise in Busetto
et al. (2022).

The impact of QE2/3, taking place during 2011Q4-20120Q4 has a smaller impact on the
output gap and yields than QE1, commensurate with a slightly lower amount of purchases
(£175bn, or 11 per cent of M4ex), but with an identical peak impact on inflation, relative to
QE1. The unanticipated impact shows a temporary spike in yields of 40bps but is relatively

small over the period as a whole and similar to QE1 although shorter lived.

During QE4 the total response of both the output gap and inflation peak at around
0.6 percentage points from £60bn of gilt purchases (3 per cent of M4ex). The steepening

of the Phillips curve slope to around 1 contributes to the relatively high inflation impact

22This is evident in Section C.2 of the Online Appendix. Here we report historical decompositions of all
economic variables with a decomposition of the deterministic component into "equilibrium" quantities (i.e.
natural rate of interest, trend inflation etc.) following Petrova (2019). We can see that the decomposition
of psc; itself assigns a small proportion of variation to bank funding shocks relative to the other structural
shocks we identify. This shows the importance of the systematic element of funding operations in the his-
torical episodes prior to 2009 and the QE/QT reaction function thereafter. We can also see that supply side
conditions (and demand) are increasing in importance for the output gap and inflation across QE episodes,
especially during 2022 and 2023. In general, the historical decompositions show a large proportion of vari-
ation attributable to equilibrium movements in inflation and real interest rates relative to structural shocks
looking at the whole sample. Note also Bank funding shock contributions are different to the unantici-
pated QE/QT counterfactuals presented above, given they include the lagged effects of commercial bank
purchases/sales of gilts prior to each QE episode.
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Figure 7. Counterfactual experiments: Quantitative Easing/Tightening episodes

Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI in-
flation, 71;; and long-term yields, lty; across the four quantitative easing (QE) episodes, and the
quantitative tightening (QT) episode in our sample. The counterfactual in the first row shows the
total impact that each round of QE (QT) as discussed in the text. The counterfactual in the second
row shows us the unanticipated proportion of QE (QT).
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compared to QEl. Yields are reduced by 48 basis points at their peak of which around
20bps is unanticipated.

QES5, from 2020Q1-2021Q4, which was undertaken in response to the pandemic, gen-
erates peak counterfactual effects on the output gap and inflation of 3.4 percentage points
and 5.2 percentage points, respectively, as a result of £440bn of gilt purchases (18 per cent
of M4ex); while compressing yields by an average of 125 basis points. Our estimates sug-
gest most of that was anticipated given the size of the shocks during the pandemic. The
large inflation impact reflects the further steepening of the Phillips curve over this period.
However, this steepening occurred alongside large increases in international goods prices
coming out of the pandemic reflecting bottlenecks in global supply chains. This was exac-
erbated by the Ukraine invasion in 2022Q1 that caused food and energy prices to increase.
These factors are not explicitly captured in our VAR but other studies have emphasised
their importance in this period (see Bernanke and Blanchard (2025), Haskel et al. (2025)
and Bank of England (2026)). We test the robustness of our results to factoring in the im-
pact of international commodity prices in Section 5. Further out, the yield impact from
QES5 is estimated to overshoot given that, unlike QE1, Bank Rate is expected to respond to
inflation and the output gap as they recover, reflecting the absence of a signaling effect in

this episode.

QT started in 2022Q1, when the Bank stopped reinvesting maturing assets in the Asset
Purchase Facility and active sales of gilts commenced in 2022Q4. This reduced the stock of
assets by just under £150bn (5 per cent of M4ex) by the end of our sample in 2024Q1. The
impact on yields is smaller compared to earlier estimates, because Bank Rate is expected
to respond reflecting the lower signaling channel we report in Figure 6. The unanticipated
impact suggests a 10-20 basis points rise in yields in line with the Bank of England’s initial
event study analysis (see Bank of England (2024)) but lower than the cumulated effect of
70bps from QT announcements found by Du et al. (2024).* This has a small impact on the

2Du et al. (2024) warn that their estimate includes announcement effects which may be insignificant.
More to the point, our work is not directly comparable to that of Du et al. (2024). This is because we rely
on a long history of quarterly data and use counterfactuals to assess the impact of QT on yields within a
model which is flexible enough to capture time-variation and the endogenous effects of Bank Rate, output
gap, inflation and the long-term yield to QE/QT shocks. On the other hand, Du et al. (2024) rely on daily
data over the 2021-2023 period and a panel data framework to assess the impact of QT within a two-day
window.
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output gap of between 0.1-0.3 percentage points and a similar amount on inflation. The
broader impact, including estimated anticipated effects, suggests a peak effect on yields of
around 40 basis points that would reduce the output gap in the median case by almost 0.9
percentage points and inflation by 1.4 percentage points, given the steep estimated slope
of the Phillips curve in 2023. However, one important caveat here is that commercial bank
purchases of gilts partly offset the sales by the Bank of England over this period, unlike
earlier episodes (see Bank of England (2025) and Figure A.1). That led to a lower reduction
in broad money than if UK preferred habitat investors had been the sole buyers of gilts
during QT. To the extent this was an endogenous response by commercial banks to QT
(e.g. to offset the decline in liquidity from fewer commercial bank reserves), represents
an additional source of stage contingency. There were also some offsets in the opposite

direction during QE2/3 and QES5. This is an issue we address in the next Section.?*

5 Robustness checks and further analysis of the drivers of state contin-
gency

In this section we summarise the robustness of our findings to different data choices
and modelling methods. The underlying details are provided in an Online Appendix. We
also exploit the flexibility of our non-parametric TVP-VAR approach to examine expanded
versions of the VAR that include extra variables that might provide information on the

drivers of state contingency.

5.1 Alternative data and identification choices

We first consider two alternative proxies to track unconventional monetary policy through
the lens of public sector borrowing from banks. Our first alternative considers using only
Bank of England government debt purchases in the numerator in our initial measure. The
second alternative considers debt sales to the banking system as a proportion of the par
value of gilts. This replaces the denominator in our initial measure. The data we use to
construct such alternatives are from the Bank of England’s Millennium of Macroeconomic

Database.

Figure 8 plots these variables. In general, the time profiles are similar to our baseline

24Figure 9 shows, for the relevant QF and QT periods, using an alternative measure of psc; that should in
principle incorporate the offset, delivers a slightly smaller peak total impact on gilt yields.
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Figure 8. Alternative proxies to track unconventional monetary policy 1963Q4-2024Q1

Notes: This figure plots alternative funding measures to capture unconventional monetary policy.
The blue line reports the annual amount of government debt purchased by the Bank of England
only as a proportion of the broad money supply (i.e. M4). The red line plots the annual amount of
total monetary financial institutions (MFI) purchases relative to the (total) par value of gilts. Grey
bars indicate recessions.

measure of public sector bank funding. As we note in Figure 1c, the Bank of England typ-
ically had to offset its purchases of longer term securities by drains of reserves using sales
of Treasury bills and other short-term debt in the period when reserves were unremuner-
ated. So it’s net purchases pre-2009 are on a much smaller scale than the QE operations
which followed. However, this measure allows us to take into the account the potential
response of commercial bank purchases of debt to QE/QT from 2009 discussed in the
previous Section. The sample correlation between our baseline measure and Bank of Eng-
land government debt purchases as a proportion of the broad money supply is 0.73. The
sample correlation between our baseline measure and total monetary financial institutions’

purchases as a proportion of the par value of gilts is far closer at 0.97.

We estimate the model in Equation 1 replacing psc; sequentially with the above proxies
in the exact manner as we outline in Section 3, as well as using the same identification
scheme in Table 1. In Figure 9 we report the posterior median counterfactual paths of the
output gap, y;; CPI inflation, 71;; and long-term yields, Ity; across the QE and QT episodes

in our sample. The counterfactual in the first row shows the total counterfactual impact
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implied by each round of QE (QT) using just Bank of England government debt purchases
relative to M4 to estimate the model parameters. The counterfactual in the second row
shows us corresponding results that uses total monetary financial institutions” purchases
as a proportion of the par value of gilts outstanding. The counterfactual tells us the model-
implied impact of each QE/QT episode and is directly comparable to the first row in Figure
7. Overall, it is clear that our alternative measures of bank funding imply little difference to
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Figure 9. Counterfactual experiments with alternative bank funding proxies: Quantitative Eas-
ing/Tightening episodes

Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI in-
flation, 7r;; and long-term yields, lty; across the four quantitative easing (QE) episodes, and the
quantitative tightening (QT) episode in our sample. The counterfactual in the first row shows the
impact that each round of QE (QT) has in isolation of all other shocks using the Bank of England
government debt purchases relative to M4 as a proxy for public sector bank funding (we plot this
measure in Figure 8). The counterfactual in the second row shows us corresponding results that
uses total monetary financial institutions” purchases as a proportion of the par value of gilts (we
plot this measure in Figure 8). The counterfactual tells us the model-implied impact of each QE/QT
episode and is directly comparable to the first row in Figure 7.

the counterfactual paths over the QE (QT) episodes. The impact under our first alternative
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measure of psc; delivers a slightly weaker effect on yields across most of the episodes,
which may reflect the endogenous response of commercial bank purchases we discuss in
the previous Section. In general, the posterior response of all variables exhibit marginal
differences to those we report in Figure 7. In Online Appendix C.4, Figure C.10 shows the
transmission mechanism plots analogous to those in Figure 6. Posterior median estimates
are similar to those we report from our baseline specification. This leads us to conclude
that our main results are robust when considering alternative measures to track asset the

impact of unconventional monetary policies.

Next, we use annual real GDP growth as our proxy for economic activity rather than the
output gap. As discussed earlier, this changes the interpretation of our demand and cost-
push/supply shocks. However, impulse response functions for our bank funding shock

yield the same conclusions to those we present in Section 4.

Next, we consider allowing for an explicit role for international commodity prices in
the VAR. Arguably, the time-varying parameter estimates in our VAR might capture this
through the responses to the cost-push shock, v{, over time. However, the large role
international commodity prices are argued to have played in particular periods, such as
the oil price shocks of the 1970s, in the emergence from the Covid pandemic in 2021 and the
Ukraine war after 2022, might act to distort our estimates of the slope of the Phillips curve
unless they are explicitly taken account of. To assess this we replace total CPI inflation in
the VAR with a measure of core CPI inflation that excludes the direct contributions from
food, tobacco, alcohol and energy. The data for core inflation is taken from Bordo et al.

(2025).

Figure 10 shows that the impact of QE and QT on core inflation is smaller in each
episode than the impact on total CPI inflation in our baseline case. But our conclusion
that the slope of the Phillips curve increases across episodes remains intact. Although, the
total impact of QE5 on core inflation in QE5 is under 3 percentage points rather than 5
percentage points, it still suggests the slope of the Phillips curve rises to around 1 rather
than 1.5 estimated in the baseline case. The estimates on other variables are broadly sim-
ilar to the baseline case. These results suggest disentangling the effects of international

prices from those of domestic supply constraints and price-setting behaviour in the period
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Figure 10. Counterfactual experiments using core inflation: Quantitative Easing/Tightening
episodes

Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; core CPI
inflation excluding food and energy, 7;; and long-term yields, lty; across the four quantitative eas-
ing (QE) episodes, and the quantitative tightening (QT) episode in our sample. The counterfactual
in the first row shows the total impact of each round of QE (QT) as discussed in the text. The
counterfactual in the second row shows us the unanticipated proportion of QE (QT).
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coming out of the pandemic is difficult (see Bank of England (2026) for a discussion) and
sensitive to the choice of inflation rate used. But overall, our results suggests domestic

supply conditions and price-setting behaviour do appear to play a significant role.

Finally, we consider two alternative identification schemes to map to the structural
model in Online Appendix F. In particular, we alter the timing assumptions through which
QE affects inflation and activity. These results deliver qualitatively similar conclusions and
provide evidence that our findings on the state-contingent impact of QE/QT policies is not

fundamentally driven by the identification scheme.

5.2 Alternative models of state contingency

In this section we consider alternative VAR models that in principle could capture state
contingency. A full set of results for the alternative models is in Online Appendix G and

we only provide a summary here.

In Section 4 we show that our model has better fit that a standard linear Bayesian
VAR with a Minnesota prior or a TVP-VAR with stochastic volatility of Primiceri (2005).
The linear BVAR can loosely be thought of as averaging out results from time-varying
TVP VARs. We observe little in terms of significance from the bank funding shock from
this model which provides support for the state-contingent nature of how such shocks,
and unconventional monetary policy, affect the real economy. The Primiceri (2005) TVP-
VARs deliver qualitatively similar conclusions to our baseline analysis. The only notable
differences are that the QE/QT counterfactuals are slightly larger relative to those from

our baseline results, yet credible sets overlap.

We also consider whether a sequence of "repeated regimes" might be a better charac-
terisation of the state contingency we find. For this we apply a threshold VAR (TVAR)
model as in Alessandri and Mumtaz (2017). We consider each of our 5 baseline variables
as candidates that could govern regime changes. We also consider a battery of exogenous
variables to govern regime changes including: Economic policy uncertainty (Baker et al.,
2016); the volatility of UK stock returns; the budget deficit (surplus); and financial stress.
We find no evidence in favor of asymmetries in terms of size or sign of shocks in a given
regime, and marginal differences in posterior median estimates across regimes. This leads

us to conclude that TVAR specifications, where regime changes occur due to an (endoge-
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nous) estimate of a given variable, are not flexible (or capable) enough to capture the state
contingencies during QE/QT that time-varying parameter models show. This is consistent
with our main results that highlight the need to study the state contingencies of QE/QT
policies using models with non-recurring regimes (see e.g. Pettenuzzo and Timmermann,

2017).

5.3 Additional diagnostic variables of state contingency

Here we consider the robustness of our main results by sequentially adding an ex-
tra variable to our original dataset. The additional variables we consider are candidates
that might shed light on the drivers of state contingency we identified earlier: i) 1-year
ahead inflation expectations; ii) annual UK effective exchange rate changes; iii) annual
stock market returns; iv) annual house price changes; v) investment-grade corporate bond
spreads and vi) bank and building society lending based on the M4Lex measure, such
that z; = {E;(7t;44), X141, St, Iy, ¢s;, M4Lx;}; these additional variables are obtained from
Bordo et al. (2025) and the Bank of England’s Millennium of Macroeconomic Database.?
To identify the sixth structural shock, v*;, we impose a zero impact response of economic
variables and a positive impact response of z;. We impose no restrictions on z; with respect
our original five structural shocks. We summarize our identification for 6-variable models

in Table 4.

Figure 11 reports counterfactual experiments using posterior median estimates that
are directly comparable to the first row in Figure 7. Each row corresponds to z; =
{Et(7144), X1, St, hy, cs;, MALx;}. Along with the counterfactual paths of the output gap,
inflation, and long-term yields, we also plot the counterfactual response of z;. Overall, the
responses of y;, 71y, Ity, are almost indistinguishable from our main results. That means
the addition of each individual variable and associated shock have little impact on the core

responses.

We first look at the response of inflation expectations and the exchange rate across
episodes, which might help explain the rise in the slope of the Phillips curve implied by

our QE responses. We can see that inflation expectations initially fall rather than rise in

ZMeasures of money in UK macroeconomic models are considered in, among others, Florackis et al.
(2014). We also consider additional variables including economic policy uncertainty (Baker et al., 2016),
which Ellington et al. (2023) show relates to UK inflation, interest rates and output.
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Figure 11. Counterfactuals with additional variables: Quantitative Easing/Tightening episodes
Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI in-
flation, 71;; long-term yields, lty; and z; = {E;(7t¢44), X741, s¢, hy, cs;, M4Lx;} across the four quan-
titative easing (QE) episodes, and the quantitative tightening (QT) episode in our sample. Rows
1-6 one add: one-year ahead inflation expectations to our baseline information set; UK effective
exchange rate growth; annual stock returns; annual house price growth; corporate bond spreads;
and bank & building society lending. They show the impact that each round of QE (QT) has in
isolation of all other shocks through the lens of bank funding shocks. The counterfactual tells us
the model-implied impact of each QE/QT episode and is directly comparable to the first row in
Figure 7.
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Table 4. Contemporaneous Sign Restrictions

Notes: This table reports the contemporaneous response of: the Bank Rate, r;; public sector contri-
butions to the banking sector as a proportion of broad money stock, psc,; the long-term (i.e., 10-year
gilt) gilt yield, lty,; inflation, 7;; and output gap, y; to structural shocks. v;np is a monetary policy
shock; v{l is a bank funding shock; v§ is a supply shock; v¢ is a demand non-policy shock; Vity is a
long-term yield shock; and v7 is the sixth shock we identify . 0 denotes a zero response on impact,
“x” denotes no restriction.

vit vl v vl v v
I > 0 X > 0 0
psc; X > X X > 0
Ity, x < x > > 0
mo < 0 < > < 0
yy < 0> > > < 0
Zt X X X X X >

response to QE episodes, perhaps because the use of QE signals a worsening in the state
of the economy. But they increase further out and are most responsive during QE1, QE2/3
and QE5. The proportional response of inflation expectations relative to the response of
actual inflation is larger in QE1 and QE2/3, with the increase being between 50-65% of the
response of actual inflation; the proportional response in QE4, QE5 and QT1 is around 20%.
The exchange rate depreciates in all episodes apart from QE5, with the largest falls in QE1
and QE2/3. That would be in line with portfolio re-balancing towards foreign currency
assets. Neither result, however, suggests these variables are responsible for the increase
in the reduced-form slope of the Phillips curve as we show from the corresponding slope
estimates in Figure C.9 in Online Appendix C.4. These values are quantitatively similar to
our main results. The appreciation of the exchange rate in QE5 might reflect the reduced
signaling channel in QE5 and increased response of expected future Bank Rate. It might

also reflect the effect of QE on confidence or foreign exchange rate risk premia.

Although we have used gilt yields to identify the impact of QE on asset prices, equity
and house prices are likely to be more important in the transmission to demand as ar-
gued by Congdon (2025). Over QE episodes, equity and house prices generally increase
in line with the portfolio balancing and signaling channels (Bridges and Thomas, 2012).
The magnitudes in QE1 are similar to estimates in Joyce et al. (2011). Coupled with the
appreciation of sterling in QE5, the relatively large increase in stock prices may suggest

QE had a large effect on confidence during QES5 relative to others. This might explain part
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of the increase in responsiveness of demand to gilt yields we show in Figure 6, despite the

decline in competitiveness the exchange rate suggests.

The response of corporate bond spreads is also different across episodes. Spreads widen
slightly in QE1. However, corporate bond yields would have still fallen substantially given
the response of the 10-year gilt rate; which is line with the UK event studies. In QE5, how-
ever, bond spreads decline significantly, suggesting that QE in this episode may have been
working through lowering uncertainty and corporate credit risk. Coupled with the strong
equity price response, it suggests that increased transmission though capital markets and

NBFIs may partly explain the increased responsiveness of demand to gilt yields.

Looking finally at the responses of bank lending, we can see that QE shocks typically
led to a decrease rather an increase in lending. Similarly the initial stages of QT provided
a small boost to lending. This is in line with the idea that QE worked mainly through
capital markets and causes some substitution away from bank credit given the fall in yields.
The strong fall in lending growth in QE5, is also consistent with the substantial decline
in corporate bond spreads noted earlier, which would have induced a higher degree of
substitution away from bank debt compared to earlier episodes. The effects of QE on bank
lending are ambiguous as discussed in Bridges and Thomas (2012) and Cloyne et al. (2015).
The results here though are in line with the empirical evidence of Fatouh et al. (2025) based
on an analasis of bond-level and corporate-level data over the QE episodes. We stress here
that to arrive at any firm conclusion on such channels requires the proper identification
of credit supply or banking sector shocks in the VAR. For instance, the capital market
substitution channel is the result of corporate portfolio rebalancing away from existing
debt. However, banks may respond to QE or QT by changing their supply of new loans,
(see for example Kumhof and Salgado-Moreno (2024)) which may not be captured properly

by our identification scheme.

We conclude here that our main results are robust to accounting for additional vari-
ables within the information set. They also point to some channels that might account for
the increased response of demand, especially the role of capital market channels in QE5
However, a complete analysis requires full structural identification of these shocks and the

imposition of more appropriate restrictions.
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6 Summary of impacts across QE and QT episodes

To summarize the estimated impact of UMP policies from our analysis, Figure 12 pro-
vides an overview of our counterfactual QE and QT experiments over the period since
2009 for the output gap, inflation and the long-term gilt yield. We report the decomposi-
tion of the total QE impact into the unanticipated and anticipated /systematic components,
the actual values of the data, and the corresponding counterfactual paths in the absence
of QE/QT policies. For inflation, we show the contribution from the core inflation im-
pact estimated in Section 5, together with the contributions from food, energy prices and
other shocks to provide a comparison with other studies. Several main conclusions emerge

regarding the quantitative impact of QE and QT, respectively.

First, QE policies provide substantial support to activity and avoided opening up large
negative output gaps across each episode. The real economy outcomes would have been

significantly worse without them.

Second, QE policies on average helped the BoE meet the inflation target of 2%, espe-
cially during QE5, when our results imply QE policies avoid deflation in late 2020 and
early 2021. However, as we move through 2021, the deterioration in supply-side condi-
tions, implied by the increases in our estimates of the slope of the Phillips curve, suggest
that QE contributed around 2pps to the above-target inflation rate of 5% at the end of that
year, with the remaining 3pps accounted for by food, energy and other shocks. Had the
flexibility of the supply side of the economy been similar to that estimated for earlier QE
episodes, inflation would have been closer to target. As noted earlier, the exact impact is
quite uncertain and other variants that do not use core inflation in the VAR suggest the
effect via domestic pricing factors could be larger, see Figure E.4, although these variants
are less directly comparable with other studies that take explicit account of the role of in-
ternational commodity prices. However, our results indicate that rising inflation following
the Ukraine invasion is not directly attributable to QE5, with its contribution remaining
flat throughout 2022. There would have been a substantial overshoot of inflation in 2022
and 2023 even if no QE had been undertaken during the pandemic, driven by the direct

effects of food prices, energy prices and other fundamental shocks to the economy 2°. QT

26Note in the decomposition in Figure 12, the contribution of other shocks includes the indirect effects of
food and energy prices working through the domestic supply chain on to prices in the core inflation basket.
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Figure 12. Counterfactual paths and contributions of components from 2009 to 2024

Notes: This figure plots the decomposition of QE/QT counterfactuals from 2009Q1-2024Q1 for the
output gap, inflation, and long-term gilt yields. Bars decompose the counterfactual responses into
unanticipated (burgundy bars) and anticipated components (green bars). We obtain the latter by
taking the difference between the total counterfactual response minus the unanticipated compo-
nent. Alongside these we plot the observable data (blue lines) and the counterfactual path (red
lines) of the data in the absence of QE/QT. We obtain the latter by taking the (posterior median)
counterfactual total response in all periods minus the actual data at each time t. Light blue bars
refer to QE periods, Orange bars show QT periods.

The core inflation measure only excludes the direct czztributions of food and energy to CPI inflation



contributes a little to bringing inflation back towards target in the period up to 2024Q1.

Third, in the absence of a QE response, gilt yields would have been significantly higher
than what we observe in the data and by substantially more than suggested by just the
unanticipated effects in this model and those suggested by event studies. In turn, yields
would have been lower during the QT period, although once we factor in commercial bank

purchases of gilts, the impact is relatively small.

Fourth, from a monetarist perspective, the inflationary impact of a given boost to broad
money from QE appears significantly less than proportionate. This might suggest that QE
leads to offsetting effects on broad money through other credit counterparts on the balance
sheet or that QE is not fully neutral in its effects, as discussed in Bridges and Thomas (2012)
and Cloyne et al. (2015).

Overall, the state contingency we observe in QE/QT impacts from our analysis might
recommend a gradualist approach to QE/QT policies, which is consistent with Sims and
Wu (2021), who show a gradual unwinding is preferable over an immediate one, and the
well-known conclusion of Brainard (1967) in the presence of parameter uncertainty. How-
ever, estimates from our VAR models show increases in the persistence of inflation over
the most recent episodes of QE, and in the posterior uncertainty around the estimate; such

features appear in Figure 5.7

A general increase in inflation persistence might warrant
more active monetary policy responses as in Soderstrom (2002) in circumstances where
QE/QT is an active tool of monetary policy. Therefore, to explore the implications of
state contingency for policy gradualism further, would require one to incorporate these
parameter features into a broader analysis of optimal policy under uncertainty with both

conventional and unconventional monetary policy instruments.?®
7 Conclusions

This paper provides a comprehensive assessment on the state contingencies of QE and

QT policies. Using UK data spanning 60 years, we construct a proxy measure of public

Z’These results are in Figure C.11.

ZBFor completeness, Online Appendix E shows analogous plots to Figure 12 where we report the coun-
terfactual path responses of the output gap, inflation and gilt yields for: alternative proxies of public sector
borrowing from the banking system; alternative identification schemes; and the accounting for additional
variables in the information set (i.e. all of those we consider in Section 5). These results are consistent with
those from our baseline counterfactuals in Figure 12.
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sector borrowing debt sales to the banking system to track the impact of unconventional
monetary policies. Our measure is easy to construct for long time periods and has his-
torical precedence as under- and over-funded deficits deliver almost identical effects on
financial balance sheets as unconventional monetary policies. Using sign and zero restric-
tions consistent with economic rationale, we identify a novel bank funding shock to shed

light on the channels that underpin such policies over time.

We show that the effects of unconventional monetary policies on the real economy
are state contingent. The determinants of state contingencies depend on the interplay
between policy regime, the state and structure of financial markets, and conditions in the
real economy. Our appraisal of historical debt management operations and unconventional
monetary policy episodes, using a range of specifications, suggests that history rhymes but
does not repeat. Hence we provide substantial evidence that models with non-recurring

regimes provide the flexibility to capture the stage contingent effects of QE/QT over time.

Our approach also enables us to distinguish between the unanticipated and total ef-
fects of UMP episodes on the real economy. We show that the unanticipated component
contributes relatively small amounts to total movements in line with various event-study
impacts. The total effect of QE/QT however appear to provides substantial support to the
real economy, and aid the MPC in meeting the inflation target up until 2021. It suggests a

reliance on event study impacts alone may understate the broader effects of QE.

Disentangling the transmission mechanism at work during each UMP episode reveals
the impact on gilt yields for a given amount of QE/QT falls progressively after QE1. Our
results suggest this is driven by a smaller signaling channel, and a negligible change in
the portfolio rebalancing channel. Such a fall is offset by increases in the responsiveness
of the output gap to gilt yields in later QE episodes, which may reflect an increased role
for capital markets in the transmission of QE. We also detect a higher and more persistent
responsive of inflation to the output gap and increased inflation. Deteriorating supply-side
conditions mean that QE was a contributor to the overshoot of the inflation target in 2021.
However, our results imply no contribution to the additional pick up in inflation in 2022
and 2023, with QT policies helping bring inflation towards the target at the end of the

sample.
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Online Appendix for

Are the Effects of Quantitative Easing & Tightening State
Contingent?

Abstract

This appendix contains background historical details, prior and posterior simulation
algorithm-related information and additional results not included in the main body of
the paper.

A Historical debt management regimes and data
A.1 Historical debt management and the credit counterparts to broad money

Our analysis on the state contingency of UMPs covers earlier periods when the Bank
of England carried out debt-management operations that implied very similar effects on
financial balance sheets as current QE and QT operations. In particular, we look at earlier
episodes when the commercial banking system purchased substantial amounts of govern-
ment debt and also periods when more gilts were sold to non-bank investors than required
to fund the deficit. These operations were known as “underfunding” and “overfunding”
because they implied that the government was not financing its deficit with equivalent
sales of debt to the long-term “preferred habitat” investors who normally bought govern-
ment bonds (insurance companies and pension funds). When deficits were “fully funded”
by sales to non-bank investors the impact on commercial bank reserves and the broad
money supply (bank deposits) is neutral.”’ If however, the government found it could not
raise sufficient finance from this sector it would, by residual, sell debt to the commercial
banks. Relative to the fully-funded case, commercial banks end up holding more gilts at
the expense of those that would have been held by the non-bank financial sector. So the
marginal effect is equivalent to a commercial bank buying a government bond directly

from a non-bank.

2In essence the government issues bonds to the non-bank private sector to finance its deficit which drains
reserves and broad money. When the government then spends the money it raised by borrowing from the
non-bank private sector, the equivalent amount of money floods back into the system and reserves and broad
money are restored.
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The data on over— and underfunding as well as QE and QT is conveniently summarized
in the Bank of England’s monetary statistics, which are available quarterly back to 1963.
The link between funding from the banking system and broad money aggregates was a
key part of the credit counterparts analysis of the money supply that developed from the
late 1960s onwards, when central banks started to pay more attention to the monetary
aggregates. The counterparts approach simply expresses the change in broad money -
the consolidated banking system’s monetary liabilities to the non-bank private sector - as
an identity in terms of all the other items on the banking system’s balance sheet. Over
and underfunding of the deficit is captured in the “public sector contribution” to broad
money growth reflecting the holdings of government debt of both the central bank and

commercial banks.

The public sector contribution implicitly captures underfunding and overfunding oper-
ations as well as QE and QT. This can be expressed in both flow terms and as a contribution
to broad money growth. Figure A.1 shows the data since 1963 based on contributions to
M4 and, from 1997, the M4ex definition of broad money. The banking system is defined
to include the building societies throughout and after 1997, excludes the deposit liabilities
of intermediate other financial companies (IOFCs) - institutions recognized to be effec-
tively part of the banking system. To complement this, we present in Table A.1 a historical

summary of debt management and monetary policy regimes in the UK since 1963.
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Figure A.1. UK Broad Money Decomposition from 1964 to 2024

Notes: This figure shows the credit counterparts to broad money growth since 1964. Periods of
underfunding are represented by a positive public sector contribution and overfunding by a neg-
ative contribution. Different regimes of debt management and monetary policy are identified to
provide some basis for the state contingency of bank funding operations. QE/QT operations from
2009 are shown in red, other purchases by the banking system (including purchases by the Bank
of England prior to 2009) are shown in pink. The first episode spanning 1964Q2-1971Q3 we label
"leaning against the wind", reflecting the general BoE policy to smooth long-term yield fluctuations
through the purchase (sale) of government debt when gilt yields rise (fall). The 19710Q3-19810Q4
episode covers the period of Competition and Credit Control, gilt market turbulence and the be-
ginning of monetary targeting. Throughout this period, the BoE allow for more scope for market
determination of yields. As such, large, unexpected government deficits would be financed by
default via the banking system if the Bank judged it too difficult for gilt sales. This occurred at
various points throughout the 1970s as shown by psc; which shows increases on a scale equivalent
to the QE operations in Figure A.3. The next two episodes cover the period of explicit overfunding
(19820Q1-1986Q4) and the period after the "Big Bang" reforms to the stock market when full funding
was resumed (1987Q1-19920Q4). Our final two episodes span 1993Q1-1997Q2 and 1997Q3-2008Q4.
The former relates to the period where deficits would be fully funded over the cycle, which oc-
curred alongside the development of the gilt-repo market in 1996. The latter relates to the period
from which the Bank of England had operational independence for monetary policy and the Debt
Management Office (DMO) took over debt management. The final episodes from 2009Q1-2024Q1
cover QE and QT periods.
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Table A.1. Historical Debt Management Regimes from 1963-2024

Historical Debt Management Regimes

Details

1963-1971Q3 “Leaning against the wind”

After a period of overt attempts to target long-term yields just after World War 2 ("Ultra cheap money"),
the Bank’s debt management operations became less ambitious and attempted to smooth fluctuations in
long-term yields through intervening by purchases of debt when gilt yields were rising and sales when
yields were falling. This was to protect the under-capitalised stock market “jobbers” who acted as market
makers and were small partnerships vulnerable to large movements in yields Allen (2019). In this sense
the Bank acted as a “jobber of last resort” since the Bank would stand ready to buy and sell government
stock at given prices. That meant the Bank was directly purchasing government securities in response to
macroeconomic shocks that pushed up yields or shocks to sentiment occurring in the gilt market, so there
was an activate reaction function. The more general aim was to maximise the capacity for financial markets
to take up government debt and so it was less attentive to how exactly deficits were funded on average.
The banking system acted as the residual form of finance for the public sector. There were periods when
the commercial banking system took up large amounts of gilts, such as the mid-late 1960s around the time
of the devaluation. This was in an environment when the authorities were also trying to impose direct
controls on bank lending to the private sector.

Competition and Credit Control, gilt strikes
and beginnings of monetary targeting 1971Q3-
198104

In 1971 the government and the Bank’s attitude to monetary control changed. Direct controls were removed
and the banking system cartel was ended and competition encouraged, partly in response to the develop-
ment of parallel money markets such as the Eurodollar market. But there was also growing awareness of
the need for greater monetary control especially after the floatation of sterling in 1972. The Bank would
intervene less in the gilt markets to smooth out fluctuations in interest rates and allow more market deter-
mination of yields. That of course put pressure on the jobbers as market makers and made the gilt market
more sensitive to economic developments given the change in the Bank’s role. In practice, that meant gilt
sales to non-bank investors increasingly happened in opportunistic bursts when the Bank felt it could sell
a lot of gilts. This meant that large, unexpected government deficits would be financed by default via the
banking system during periods when the Bank judged it too difficult or expensive for gilt sales which oc-
curred at various points throughout the 1970s, as shown by positive public sector contributions on a scale
equivalent to the post-2009 QE operations.

“Big Bang” and full funding 1987Q1-1992Q4

In October 1986 the stock exchange underwent major changes with the “Big Bang” set of reforms. Out
went the single capacity system of separate brokers and under-capitalised jobbers to a dual capacity system
of gilt-edged market making firms (the GEMMs) that performed both roles. This invited international
firms into the market and many took over the older broker and jobber partnerships. Prior to Big Bang, the
capital of the gilt-edged jobbers is believed to have amounted to around £100 million. At the time of Big
Bang the capital of the twenty-seven new GEMMs amounted to £595 million - a six-fold increase which
greatly increased the liquidity of the market and its ability to absorb shocks. At the same time as Big Bang,
disillusion with the overfunding regime led to a switch back to a “full fund” policy where the deficit would
be met in full from the non-bank private sector, but that here should be no over or underfunding over
the course of a financial year. The idea was to insulate monetary policy from debt management. That is
reflected in little public sector contribution over this period.

Full-financing and development of gilt-repo
market 1993Q1-1997Q2

Inflation targeting was introduced at the end of 1992 and 1993 saw a review of funding policy where sales
of debt to banks were allowed to form part of funding. This relaxation in part reflected the early 1990s
recession and the large budget deficit that emerged. Given weak lending the commercial banks’ cyclical
demand for gilts was high, so funding policy accommodated cyclical changes in banks” holdings. But there
was an intention there should be no trend finance from the banking system in order to insulate monetary
conditions from debt management and so periods of underfunding needed to be followed by overfunding.
This can be observed in A.1 with periods of fluctuating over and underfunding but no trend. In 1996 the
gilt repo market was launched in the UK and the Bank began repo operations directly with the market in
1997. This further increased the liquidity of the gilt market and enhanced the role of gilts as collateral.

MPC independence and Debt Management Of-
fice takes over debt management 1997Q3 -
2008Q4

The Bank gained operational independence for monetary policy in 1997 and it was decided to make a clean
split between monetary and debt management policy by creating an independent debt management office
(DMO). The remit of the DMO was to minimise the government funding costs given the monetary policy
set by the independent MPC. Funding policy carried on as before, with periods of alternating over and
underfunding, albeit on a small scale.

QE to 1-5 and QT, 2009Q1 onwards

In March 2009 the Bank of England embarked on Quantitative Easing as a means to further ease monetary
policy with Bank Rate at its effective lower bound (ELB). There were five stages of QE as shown in Figure
4. But the second and third stages were relatively close together so these are often bundled together as
QE2/3. At the beginning of 2022 the Bank embarked on Quantitative Tightening with the MPC decision
to stop reinvesting the proceeds of maturing gilts, followed by active sales in September 2022. These were
punctuated by some temporary purchases of gilts for financial stability purposes during the LDI crisis.
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A.2 Scaling issues in psc;

The choice of appropriate scaling variable for psc; makes little difference in the most
recent period, since nominal GDP (NGDP), broad money (M4ex) and the stock of gov-
ernment debt are of similar value. But, as we go back in time, Figure A.2 shows that the
trends in velocity and the debt-to-income ratio imply that bank funding shocks as a share
of nominal GDP will be smaller and the share of government debt stock larger. Given the
source of the data is consistently constructed from the Bank of England’s monetary statis-
tics and because it lies in between NGDP and the stock of debt, we use money growth as

the appropriate scaling variable in our baseline case.

£mn, log scale

- 10000000
——Stock of Gilts (par value)
- Market value of Central Government Debt
—Mdex 1000000
—NGDP
100000
- 10000
1000

1964Q1 1974Q1 1984Q1 1994Q1 2004Q1 2014Q1 2024Q1
Figure A.2. UK candidate scaling variables from 1964 to 2024
Notes: This figure shows candidate scaling variables for our measure of psc; from 1964Q1-2024Q1.

We plot on a log scale, the Par value of total stock of gilts; the market value of central government
debt securities; the broad money supply (M4ex), and nominal GDP.

A.3 Economic Data

Figure A.3 plots our economic data. The top left panel shows the output gap and
annual CPI inflation, y;, 7r;. The top right panel shows the Bank Rate and the gilt yield,
1¢, Ity;. The bottom panel plots public sector borrowing from the banking sector scaled by

M4/M4ex, psc;.
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Figure A.3. UK Economic Data 1963Q3-2024Q1

Notes: This figure plots the output gap, y;, and annual CPI inflation, 7r; in the top left-hand side
panel; and the Bank Rate, r;, and the 10-year gilt yield, lty;, in the top right-hand side panel. The
bottom panel presents the public sector contribution to M4ex growth, psc;. Grey bars indicate
recessions.
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B The Quasi-Bayesian local likelihood approach (Petrova, 2019): Priors
and posterior simulation

We re-write Equation (1) by stacking the time-varying intercepts and autoregressive
matrices in the vector ¢; with Yy = (y1,...,y7), Xt = (IN ® <1,x;_1,...,x§_p)), with ®

denoting the Kronecker product:
~1
Yi’ = X;(Pt + Qt 2’7t,T (Bl)

where 1, 7 ~ NID(0, I1). Note that all roots of the locally stationary VAR polynomial, lie
outside the unit circle, and Q; ! is a positive definite time-varying covariance matrix. The

local likelihood function at discrete time period s, is given by:

Ls (Ys |47s/ Qs, Xs) X

1
|Qs|trace(Ds)/2 exp {_E(YS — ngbs)/ (Qs & DS) (Ys — X;(Ps)} , (B.2)

where o« denotes "proportional to". Ds is a diagonal matrix whose elements hold the

weights:
DS = diag(@sl,...,QST) (B3)
T
0st = {r,sWst/ Zwst (B.4)
t=1
ws = (1/V2m)exp((=1/2)((k —t)/W)?), fors,t € {1,...,T} (B.5)

-1

T 2
(s = (Z wst) (B.6)
t=1

where ¢y is a normalized kernel function. ws uses a Normal kernel weighting function.
{1s gives the rate of convergence and behaves like the bandwidth parameter W in (B.5).
The kernel function assigns greater weight to observations near the parameter estimates
at time s compared to those further away. Following Petrova (2019), we set W = /T.%
We take 50,000 draws from the posterior distribution and retain every 50th draw; Online

Appendix B provides details for the prior and posterior simulation algorithm. It is note-

30We also experiment with an Epanechnikov kernel; results are qualitatively similar to those we report
below.
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worthy to mention here that because the priors and posterior are conjugate, there is no
need to use MCMC. As such, one can efficiently draw coefficient and covariance matri-
ces from the (quasi) posterior distribution and leverage parallel computing. In addition
to computational efficiency benefits, Petrova (2019) notes in simulation analysis that mis-
specification of the state-space invalidates inference asymptotically.* Online Appendix C

provides additional results to our main analysis in Section 4 below.

Using a Normal-Wishart prior distribution for ¢s| Qs fors € {1,...,T}:

Bl N (gos, (0 @ Zo) ™) (B7)

Qs -~ W (“051 I-‘Os) (B.8)

where ¢ is a vector of prior means, E; is a positive definite matrix, as is a scale parameter
of the Wishart distribution (W), and Iy is a positive definite matrix.

The prior and weighted likelihood function implies a Normal-Wishart quasi poste-
rior distribution for ¢s| Qg for s = {1,...,T}. Formally let A = (x{,...,x7) and Y =

(y1,...,yr)’ then:

05| Qs A Y /\/<4”>S, (QS®E05)‘1) (B.9)
Q; - W(&S,f";l> (B.10)

with quasi-posterior parameters:

P = (IN @8 1> [(In ® A'DsA) s + (In @ Eos) dos] (B.11)

2, = B+ A'DA (B.12)
T

Ay = g+ Z Ost (B13)
t=1

fs = Tos + Y'D,Y + q)Oers(I)é)s - (i’sgs(i’g (B.14)

where ¢; = (Iy ® A'D,A) ! (Iy ® A’Dy) v is the local likelihood estimator for ¢. The
matrices ®(;, ®, are conformable matrices from the vector of prior means, ¢os, and a draw

from the quasi posterior distribution, ¢s, respectively.

31In Online Appendix G we provide additional results using an array of alternative models including
standard Bayesian VAR models, TVP-VARs of Primiceri (2005), and threshold VARs as in Alessandri and
Mumtaz (2017).
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C Additional Results from our baseline specification

2000 2006 2010 2015 2020

Figure C.1. Bank funding shocks, v?, and Braun et al. (2025) QE shocks from 1997Q3-20240Q1
Notes: the figure plots the posterior median (black line) and range of posterior draws (dark grey
area) for structural Bank funding shocks, v{, along with the QE shocks (re-scaled for readability)
in Braun et al. (2025) summed over quarters (red line). Blue vertical bars are Quantitative Easing
periods, and orange bars label Quantitative tightening periods.

C.1 Peak impulse response analysis over different funding episodes

To clarify how the structure of financial markets and policy regime influence the degree
of state contingency, Figure C.2 shows the peak median responses of the output gap and
inflation, and average 1-year response of gilt yields over the sample. The inflation response
to bank funding shocks is larger during periods of high inflation. The responsiveness of the
output gap appears stronger in the 1970s, and again in the mid-1990s relative to the post-
2009 period. The financial market response to bank funding shocks also differs depending
upon regime. The sensitivity appears to increase throughout the 1960s, 1970s and 1980s,
perhaps reflecting the large government deficits of this period and the low capitalisation
and liquidity of the gilt market prior to the "Big Bang" and introduction of the gilt repo
market. After these reforms, the sensitivity declines sharply up until 2009 and then falls

more gradually across the QE episodes.
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Figure C.2. Impulse response functions to bank funding shocks: Peak responses from 1964 to
2024

Notes: This figure plots the posterior median peak impulse response function of the output gap,
yt; inflation, 71¢; and the long-term gilt yield, lty; with respect to a bank funding shock, v9; from
1964Q2-2024Q1. In all cases, the peak response of the long-term gilt yield is the impact response.
We normalize the distribution of impulse response functions such that a one-standard deviation
bank funding shock causes psc; to rise by 1%. We smooth peak responses for readability. Translu-
cent bars indicate historical funding episodes and QE/QT periods. L.A.W is "Leaning Against the
Wind" episode from 1963Q4-1971Q3. "Underfund", reflects the period of Competition and Credit
control, the mid-1970s gilt strikes and the beginning of monetary targeting from 1971Q3-1981Q4.
Overfund is the overfunding episode from 1982Q1-1986Q4, Big Bang reflects the introduction of
the "Big Bang" reforms and the return to "full funding" over the period 1987Q1-1992Q4. Gilt
Repo covers the more relaxed "full financing" rule and the development of the gilt repo market
from 1993Q1-1997Q2. MPC indep/DMO is when the Monetary Policy Committee obtained in-
dependence and the Debt Management Office takes over debt management from 1997Q3-200804.
Translucent bars from 2009 — 2024 indicate the various rounds of QE/QT in the UK.

C.2 Historical decompositions

Here we report historical decompositions of our economic variables. For inflation, the
Bank Rate, and long-term yields, we decompose the deterministic component of the his-
torical decomposition into pertinent economic quantities using the VAR representation of
long-run coefficients, limj, ,oo E;Y;1, = (In — B(L):) 1) Bot, where In, B(L):, Bos are an

N-dimensional identity matrix, the time t autoregressive parameters that we sum over lags
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(L is the lag operator), and the time ¢ intercepts respectively. Now let e; be a selection vec-
tor for the relevant equation in the VAR model with i = {7, r, lty} so that our pertinent

long-run coefficients are:

= ex(In—B(L)) " Bos
r; = e(In—B(L)) " Bos
Ity; = eny (In—B(L)1) " Bog

where 71} is core inflation, r} is the natural rate of interest, and lty; is the natural long-
term yield. Using the Fisher relation we can express the real natural rate of interest as
(rf — mrf). We can further decompose the natural long-term yield into the real natural
rate of interest, trend inflation, and the equilibrium term premium which is the difference
between the natural long-term yield and the short-term natural rate of interest. Formally,
lty; = (rj — 7r}) + 71} + tp;, with tp} = lty; — r}. These measures allow us to understand

further the assumptions our identification scheme makes on the equilibrium quantities.

Figure C.3 reports the historical decompositions of the output gap and inflation into
the contribution of the different shocks. Supply shocks dominate all other shocks (i.e.,
monetary policy, bank funding demand or long-term yield shocks) in affecting output.
Bank funding shocks contribute positively to output during the beginning of QE in 2009
and more so during the pandemic period. Monetary policy shocks have a small positive
impact, between 2016 and 2021 as the Bank Rate moves away from the zero lower bound,
and then weigh negatively on output following interest rate rises from late 2021. Supply
shocks also dominate other shocks in affecting UK inflation. Bank funding shocks impact
positively on inflation most notably since the pandemic, which is also the case for monetary
policy and demand shocks. Finally, note that trend inflation accounts for a large quantity
of the overall value of inflation and tends towards the BoE’s target value of 2% as inflation

targeting becomes the MPC’s mandate.

Figure C.4 reports the historical decomposition of Bank Rate and the long-term yield
into the contribution of the different shocks. Aggregate supply shocks contribute nega-
tively to Bank Rate for most of the period since 2009; the impact of supply shocks turns
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positive after the pandemic. The same observation carries with reference to supply shocks
for the long-term yield. For most of the post-2009 period, bank funding shocks and de-
mand shocks also contribute negatively to the long-term yield. It is clear that the real
natural rate of interest and trend inflation are the main drivers of the deterministic com-
ponent of the Bank Rate. Looking at the trend components of the long-term yield, trend
inflation is a strong contributor to the long-term yield. The real natural rate of interest
fluctuates from contributing negatively (i.e. 1964 — 1976, 2003-2021) and positively (1977-
2003, 2022-2024), with the corresponding periods equilibrium term premium having the

opposing effects, to long-term yields.

For completeness, we report the historical decomposition of psc; in Figure C.5. The
only noteworthy feature to mention here is that during QE/QT episodes the contribution
of bank funding shocks contributes substantially positively (negatively) to the overall value

of the series.

Overall, throughout the QE (QT) episodes, bank funding shocks and monetary policy
shocks always contribute to the economic variables in the same manner e.g. positive for
inflation/output gap during QE periods; negative for long-term yields. This is consistent
with existing theoretical and empirical results showing that at the ZLB unconventional
expansionary monetary policy deliver consistently the same qualitative economic impact
(in terms of sign) as conventional expansionary monetary policy (see e.g. Wu and Zhang,

2019a; Wu and Xia, 2016; Wu and Zhang, 2019b; Ellington, 2022).
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Figure C.3. Historical decomposition of the output gap and inflation from 1964Q2-2024Q1
Notes: This top and bottom panels of this figure plot the historical decomposition of the OBR
output gap, y;, and annual CPI inflation, 71; respectively from the TVP-VAR. Grey bars are the
initial condition; Blue bars are monetary policy shocks; Light Green bars are bank funding shocks;
Red bars are supply shocks, black bars are demand shocks; and magenta bars are long-term yield
shocks. The black line is the actual time-series data we retrieve from the structural model. For CPI
inflation we also report the contribution of trend inflation 7* as dark green bars which stem from
the corresponding long-run coefficient VAR relationship limy,_,eo B Y, = (In — B(L)t) 1) Boys-
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Figure C.4. Historical decomposition of the Bank Rate and long-term yields from 1964Q2-

Notes: This top and bottom panels of this figure plot the historical decomposition of the Bank Rate,
¢, and long-term yields, lty; respectively from the TVP-VAR. Grey bars are the initial condition;
Blue bars are monetary policy shocks; Green bars are bank funding shocks; Red bars are sup-
ply shocks, black bars are demand shocks; and magenta bars are long-term yield shocks.
black line is the actual time-series data we retrieve from the structural model.
Rate we report the contributions of the natural rate of interest r* which are violet bars. For the
long-term yield we report the contributions of trend inflation, 7t* (dark green bars); the real nat-
ural rate of interest, (rf — 71;) (yellow bars), and the equilibrium term premium, tp; = lty; —r}
(light blue bars). All of which are manipulations from the long-run coefficient VAR relationship

limy oo B Ypin = (In — B(L)1) 1) Boy-

65

For the Bank



II|.,.|

it

(I S O B | I e e e A [ Y B
:\‘;a (;‘o \‘\‘o %f‘o Q‘\‘o ;\‘o ‘\"a .;\(Q b‘{o (\/\‘o %‘{o f\‘c ‘)4'3 f\‘c ‘)4'3 f\‘c ‘{c Q;\‘o N‘{o f\‘o Qﬁb /\D ‘):‘D /\43 ‘):‘D /\4 qﬁ 1\4 %‘ﬁa & q‘w’b & q,q’b A<3<%3 %ﬁa q)b (;43 %b%%
OP P F 03‘ %‘\@‘\\03\\03‘ Sl OS‘b OS‘b & OS‘b OS‘b F® %"3 R 05’3 05’3 @@“ Q° @ BN @ Q\ Q\ Q\ ENEENG Q\ N @' &

Figure C.5. Historical Decomposition of Public Sector Contribution to M4ex from 1964Q2-
202401

Notes: This top and bottom panels of this figure plot the historical decomposition of public sector
contributions as a proportion of M4 from the TVP-VAR. Grey bars are the initial condition; Blue
bars are monetary policy shocks; Green bars are bank funding shocks; Red bars are supply shocks,
black bars are demand shocks; and magenta bars are long-term yield shocks. The black line is the
actual time-series data we retrieve from the structural model.
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C.3 Counterfactual experiments: full plots

Figures C.6 and C.7 show posterior median and posterior credible sets for our two
counterfactual experiments analyzing the paths of the output gap, inflation and long-term

yields as a result of QE (QT) episodes.

67



Impact on y; Impact on Impact on lty;

%]

QFEL, %

20 40 [§} 20 40 l§
Horizon Horizon Horizon

QE2/3, %

0 20 40 G0 0 20 40 60 0 20 40 60
Horizon Horizon Horizon
1
1 0
e
; 0.5
= 0.5 0.5
o
0 0 1
0 20 40 60 0 20 40 60 0 20 40 G0
Horizon Horizon Horizon

(%]

QES5, %

(] (%] L=
=] [3%] 'y
l‘-;‘ (=]

20 40 6( 20 40 60 ( 20 40 60
Horizon Horizon Horizon

=]

QT1, %

20 40 G0 0 20 40 60 ( 20 40 G0
Horizon Horizon Horizon

=]

Figure C.6. Counterfactual Experiments: Quantitative Easing/Tightening Episodes

Notes: This figure plots the posterior median and 68% posterior credible intervals for counter-
factual paths of the output gap, y;; CPI inflation, 77;; and long-term yields, lty; across the four
quantitative easing (QE) episodes, and the quantitative tightening (QT) episode in our sample. The
counterfactual shows the impact that each round of QE (QT) has in isolation of all other shocks.
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Figure C.7. Counterfactual Experiments: Quantitative Easing/Tightening Episodes

Notes: This figure plots the posterior median and 68% posterior credible intervals for counterfactual
paths of the output gap, y;; CPI inflation, 77;; and long-term yields, Ity; across the four quantitative
easing (QE) episodes, and the quantitative tightening (QT) episode in our sample. The counterfac-
tual shows the shows us the unanticipated proportion of QE (QT) for economic variables.



C.4 Additional transmission mechanism plots
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Figure C.8. Transmission Mechanism breakdown of monetary policy shocks (v""P) shocks
Notes: The top left panel of this figure shows the sensitivity of the term premium which we proxy
as the 1-year average of the current 10-year yield rate, lty;, minus the time t expectation of the
average level of Bank rate over the next 40 quarters. We back out the expectation from the impulse
response functions of r; with respect to a monetary policy shock. The top right panel shows the
1-year average of the time t expectation of the average level of Bank rate over the next 40 quarters.
The bottom right panel shows the slope of the IS curve which represents the sensitivity of demand
to yields. We proxy this as the ratio between time t peak horizon response of the impulse response
function of the output gap to monetary policy shocks, divided by the impact response of lty; to
a monetary policy shock. The bottom right panel shows the slope of the Phillips curve which we
proxy as the ratio of the peak horizon impulse response of inflation at time t with respect to bank
funding shocks and the corresponding peak horizon response at time ¢ of the output gap.
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Figure C.9. Transmission Mechanism of bank funding shocks (v1) with additional variables
added to the VAR

Notes: The top left panel of this figure shows the sensitivity of the term premium which we proxy as
the 1-year average of the current 10-year yield rate, lty;, minus the time ¢ expectation of the average
level of Bank rate over the next 40 quarters. We back out the expectation from the impulse response
functions of r; with respect to a bank funding shock. This represents the asset substitutability chan-
nel throughout QE (QT) and other unconventional monetary policy episodes. The top right panel
shows the 1-year average of the time t expectation of the average level of Bank rate over the next
40 quarters, which represents the signaling channel throughout QE (QT) and other unconventional
monetary policy episodes. The bottom right panel shows the slope of the IS curve which represents
the sensitivity of demand to yields. We proxy this as the ratio between time ¢ peak horizon re-
sponse of the impulse response function of the output gap to bank funding shocks, divided by the
impact response of lty; to the bank funding shock. The bottom right panel shows the slope of the
Phillips curve which we proxy as the ratio of the peak horizon impulse response of inflation at time
t with respect to bank funding shocks and the corresponding peak horizon response at time ¢ of the
output gap. Solid blue and shaded areas represent results from our baseline specification. The red,
green, gray and purple lines show results that add z; = {E; (71444), X1, St, ht, cs;, M4Lx;} to the
information set. These are: are time t one-year ahead inflation expectations, the effective exchange
rate, annualized stock returns, and annual house price growth, investment-grade corporate bond
spreads and bank and building society lending growth to the real economy respectively.
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Figure C.10. Transmission Mechanism of bank funding (v9) shocks under alternative proxies for
public sector funding from banks

Notes: The top left panel of this figure shows the sensitivity of the term premium which we proxy
as the 1-year average of the current 10-year yield rate, lty;, minus the time t expectation of the
average level of Bank rate over the next 40 quarters. We back out the expectation from the impulse
response functions of r; with respect to a bank funding shock. This represents the asset substi-
tutability channel throughout QE (QT) and other unconventional monetary policy episodes. The
top right panel shows the 1-year average of the time t expectation of the average level of Bank rate
over the next 40 quarters, which represents the signaling channel throughout QE (QT) and other
unconventional monetary policy episodes. The bottom right panel shows the slope of the IS curve
which represents the sensitivity of demand to yields. We proxy this as the ratio between time ¢
peak horizon response of the impulse response function of the output gap to bank funding shocks,
divided by the impact response of Ity; to the bank funding shock. The bottom right panel shows
the slope of the Phillips curve which we proxy as the ratio of the peak horizon impulse response
of inflation at time t with respect to bank funding shocks and the corresponding peak horizon re-
sponse at time t of the output gap. Solid blue and shaded areas represent results from our baseline
specification. Solid blue and shaded areas represent results from our baseline specification, the
black and orange lines are posterior median estimates using alternative proxies for psc;.
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C.5 Inflation persistence
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Figure C.11. Inflation Persistence: Reduced form autoregressive coefficient from 1964Q2-2024Q1
Notes: The figure plots the reduced form inflation autoregressive coefficients summed over lags.
The solid line is the posterior median, the dashed lines are the one standard deviation bounds
corresponding to the 16th and 84th percentiles of the posterior distribution. Gray bars show NBER

recession dates.
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D Replacing the output gap with real GDP growth
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Figure D.1. Historical decomposition of the output gap and inflation from 1964Q2-2024Q1
Notes: This top and bottom panels of this figure plot the historical decomposition of output growth,
yt, and annual CPI inflation, 77; respectively from the TVP-VAR. Grey bars are the initial condition;
Blue bars are monetary policy shocks; Light Green bars are bank funding shocks; Red bars are
supply shocks, black bars are demand shocks; and magenta bars are long-term yield shocks. The
black line is the actual time-series data we retrieve from the structural model. For CPI inflation
we also report the contribution of trend inflation 77 as dark green bars which stem from the
corresponding long-run coefficient VAR relationship limy_co Et Y = (In — B(L)¢) 1) Boys-
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Figure D.2. Historical decomposition of the Bank Rate and long-term yields from 1964Q2-
202401

Notes: This top and bottom panels of this figure plot the historical decomposition of the Bank Rate,
r¢, and long-term yields, lty; respectively from the TVP-VAR. Grey bars are the initial condition;
Blue bars are monetary policy shocks; Green bars are bank funding shocks; Red bars are supply
shocks, black bars are demand shocks; and magenta bars are long-term yield shocks. The black
line is the actual time-series data we retrieve from the structural model. For the Bank Rate we
report the contributions of the natural rate of interest r* which are violet bars. For the long-term
yield we report the contributions of trend inflation, 77* (dark green bars); the real natural rate of
interest, (r; — 7r}) (yellow bars), and the equilibrium term premium, tp; = lty; —r; (light blue bars).
All of which are manipulations from the long-run coefficient VAR relationship limj,_,o E; Y1), =

(In = B(L)) ") Bo-
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Figure D.3. Historical Decomposition of Public Sector Contribution to M4ex from 1964Q2-
202401

Notes: This top and bottom panels of this figure plot the historical decomposition of public sector
contributions as a proportion of M4 from the TVP-VAR. Grey bars are the initial condition; Blue
bars are monetary policy shocks; Green bars are bank funding shocks; Red bars are supply shocks,
black bars are demand shocks; and magenta bars are long-term yield shocks. The black line is the
actual time-series data we retrieve from the structural model.
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E Additional counterfactual plots

Figure E.4. Counterfactual paths and contributions of components from 2009 to 2024

Notes: This figure plots the counterfactual paths in the absence of QE/QT policies for the out-
put gap, inflation, and long-term gilt yields, respectively. We show such paths for our baseline
results and those considering: i) alternative identification schemes for bank funding shocks, Alt
IDI imposes a zero impact response of y;, Alt IDII imposes a impact positive response on y;, 71s;
two alternative proxies of psc;, Altl (Altll) changes the numerator (denominator) to public sector
contributions held by the Bank (the par-value of yields outstanding); Additional variables we add
to the information set are z; = {E; (7t;44), x71, St, ht, ¢st, M4Lx;}, these are inflation expectations,
exchange rate growth, stock returns, and house price growth, investment-grade corporate bond
spreads and bank and building society lending growth to the real economy respectively. Alongside
the counterfactual paths, we plot the observable data (black lines).
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F Alternative identification schemes

Table F.1. Contemporaneous Sign Restrictions: Alternative Identification Schemes

Notes: This table reports two alternative identification schemes for the contemporaneous responses
of: the Bank Rate, r;; public sector contributions to the banking sector as a proportion of broad
money stock, psc,; the long-term (i.e., 10-year gilt) gilt yield, lty,; inflation, 77;; and output gap, y:
to structural shocks. v;'F is a monetary policy shock; v} is a bank funding shock; v§ is a supply
shock; v¢ is a demand non-policy shock; and v}ty is a long-term yield shock, in panels A and B
respectively. 0 denotes a zero response on impact, “x” denotes no restriction.

A: Alternative 1 B: Alternative II

V;np V? \41 vf vity V;np V? \41 vf vity
Iy > 0O x > 0 Iy > 0O x > 0
psc, X > X X > psc, X > X X >
Ity, x < x > > Ity, x < x > >
Tt < 0 < > < Tt < > < =2 <
Yt < 0 > > < Yt < > > =2 <

Here we consider the robustness of our identification of bank funding shocks. In Table
F.1 we present two alternative combinations of sign and zero restrictions for bank funding
shocks. Panel A shows our first alternative, where we impose a zero impact response of
the output gap with respect to funding shocks; all other responses remain the same as our
baseline. Panel B shows our second alternative, where we allow inflation to increase on

impact of bank funding shocks; holding all other responses as in our baseline scheme.

Figures F.7 and F.8 plot analogous results using our respective alternative identification
schemes for our counterfactual experiments in Figure 7. Considering results from our first
alternative identification scheme, observe the responses are all smaller in magnitude for
our first counterfactual experiment. For example QES5 has a peak impact of 0.9 and 3.9
percentage points on the output gap and inflation, respectively; the response of long-term
yields remain similar. Regarding the unanticipated effect of QE (QT), the responses are all

similar in the bottom row of Figure F.7 relative to those in the bottom row of Figure 7.

Regarding our second alternative identification scheme, the impact of each round of
QE (QT) for the output gap and inflation is relatively larger than those in the top row
of Figure 7; with those from quantifying the unanticipated effect of QE (QT) remaining
similar. We also plot the posterior median transmission mechanisms for each alternative

identification scheme along with those from our baseline identification scheme in Figure
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Figure E5. Impulse response functions to bank funding shocks: Peak responses from 1964 to
2024: Alternative identification I

Notes: This figure plots the posterior median peak impulse response function of the output gap,
yt; inflation, 71¢; and the long-term gilt yield, lty; with respect to a bank funding shock, v9; from
19640Q2-2024Q1. We use the identification scheme in Panel A of Table F.1. In all cases, the peak
response of the long-term gilt yield is the impact response. We normalize the distribution of im-
pulse response functions such that a one-standard deviation bank funding shock causes psc; to
rise by 1%. We smooth peak responses for readability. Translucent bars indicate historical funding
episodes and QE/QT periods. L.A.W is "Leaning Against the Wind" episode from 1963Q4-1971Q3.
"Underfund", reflects the period of Competition and Credit control, the mid-1970s gilt strikes and
the beginning of monetary targeting from 1971Q3-1981Q4. Overfund is the overfunding episode
from 1982Q1-1986Q4, Big Bang reflects the introduction of the "Big Bang" reforms and the return
to "full funding" over the period 1987Q1-19920Q4. Gilt Repo covers the more relaxed "full financ-
ing" rule and the development of the gilt repo market from 1993Q1-1997Q2. MPC indep/DMO
is when the Monetary Policy Committee obtained independence and the Debt Management Office
takes over debt management from 1997Q3-2008Q4. Translucent bars from 2009 — 2024 indicate the
various rounds of QE/QT in the UK.

F9. In comparing each panel of with those in Figure 6 it is clear there are no major

differences to those in our main results.

In general, our baseline identification scheme delivers results that are most consistent
with existing literature. Notably posterior credible intervals from each of our counterfac-
tuals and transmission mechanism plots for each identification scheme overlap. Therefore

although median estimates differ, the set of structural models we identify are consistent
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Figure FE.6. Impulse response functions to bank funding shocks: Peak responses from 1964 to
2024: Alternative identification II

Notes: This figure plots the posterior median peak impulse response function of the output gap,
yt; inflation, 71¢; and the long-term gilt yield, lty; with respect to a bank funding shock, v9; from
1964Q2-2024Q1. We use the identification scheme in Panel B of Table F.1. In all cases, the peak
response of the long-term gilt yield is the impact response. We normalize the distribution of im-
pulse response functions such that a one-standard deviation bank funding shock causes psc; to
rise by 1%. We smooth peak responses for readability. Translucent bars indicate historical funding
episodes and QE/QT periods. L.A.W is "Leaning Against the Wind" episode from 1963Q4-1971Q3.
"Underfund", reflects the period of Competition and Credit control, the mid-1970s gilt strikes and
the beginning of monetary targeting from 1971Q3-1981Q4. Overfund is the overfunding episode
from 1982Q1-1986Q4, Big Bang reflects the introduction of the "Big Bang" reforms and the return
to "full funding" over the period 1987Q1-19920Q4. Gilt Repo covers the more relaxed "full financ-
ing" rule and the development of the gilt repo market from 1993Q1-1997Q2. MPC indep/DMO
is when the Monetary Policy Committee obtained independence and the Debt Management Office
takes over debt management from 1997Q3-2008Q4. Translucent bars from 2009 — 2024 indicate the
various rounds of QE/QT in the UK.

with one another from different assumptions around how bank funding shocks track and

capture the effects of unconventional monetary policy.
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Figure E7. Alternative I: Counterfactual experiments; Quantitative Easing/Tightening episodes
Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI infla-
tion, 714; and long-term yields, lty; across the four quantitative easing (QE) episodes, and the quan-
titative tightening (QT) episode in our sample. The counterfactual in the first row shows the impact
that each round of QE (QT) has in isolation of all other shocks. This tells us the model-implied
impact of each QE/QT episode. The counterfactual in the second row shows us the unanticipated
proportion of QE (QT). We identify the bank funding shock as having a zero impact response on
Yt, 7, Iy and a positive impact on lty;.
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Figure E8. Alternative II: Counterfactual experiments; Quantitative Easing/Tightening episodes
Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI infla-
tion, 71;; and long-term yields, Ity; across the four quantitative easing (QE) episodes, and the quan-
titative tightening (QT) episode in our sample. The counterfactual in the first row shows the impact
that each round of QE (QT) has in isolation of all other shocks. This tells us the model-implied
impact of each QE/QT episode. The counterfactual in the second row shows us the unanticipated
proportion of QE (QT). We identify the bank funding shock as having a zero impact response on ry
and a positive impact on y;, 71;, and lty;.
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Figure F.9. Transmission Mechanism of bank funding (v9) shocks under alternative identifica-
tion schemes

Notes: The top left panel of this figure shows the sensitivity of the term premium which we proxy
as the 1-year average of the current 10-year yield rate, lty;, minus the time t expectation of the
average level of Bank rate over the next 40 quarters. We back out the expectation from the impulse
response functions of lty; with respect to a bank funding shock. This represents the asset substi-
tutability channel throughout QE (QT) and other unconventional monetary policy episodes. The
top right panel shows the 1-year average of the time t expectation of the average level of Bank rate
over the next 40 quarters, which represents the signaling channel throughout QE (QT) and other
unconventional monetary policy episodes. The bottom right panel shows the slope of the IS curve
which represents the sensitivity of demand to yields. We proxy this as the ratio between time ¢
peak horizon response of the impulse response function of the output gap to bank funding shocks,
divided by the impact response of Ity; to the bank funding shock. The bottom right panel shows
the slope of the Phillips curve which we proxy as the ratio of the peak horizon impulse response
of inflation at time t with respect to bank funding shocks and the corresponding peak horizon re-
sponse at time ¢ of the output gap. For ALTI, we identify the bank funding shock as having a zero
impact response on y;, 71, 1; and a positive impact on lty;. For ALTII we identify the bank funding
shock as having a zero impact response on r; and a positive impact on y;, 7, Ity;, respectively.
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G Alternative Models: Priors, Posterior Simulation, and Additional Re-
sults

G.1 Linear Bayesian VAR

We first consider a simple linear Bayesian VAR model using a standard Minnesota prior

with p=2 lags and N=5. The BVAR is given by

Y = Co+ i CyYi p+e, e~ N(0Q) (G.1)

p=1
where Y; = [ry, psc,, lty,, 1, yt,]/, with 1; being the Bank Rate, psc, is public sector bor-
rowings from the banking sector as a proportion of broad money stock (i.e., M4/M4ex),
Ity, is the 10-year gilt yield, 7; is the annual rate of consumer price inflation, and y; is
annual real GDP growth. Cp is an N x 1 vector of intercepts and C, are N x N coefficient
matrices. We estimate this model using a standard Gibbs sampler taking 20,000 draws

Oth

from the posterior distribution and saving every 20" in order to reduce autocorrelation.

We outline the priors in the Appendix; they are the same for those we use to train the TVP

VAR model in the next Subsection.

G.2 The Time-varying Parameter VAR with Stochastic Volatility (Primiceri, 2005)

Next, we consider time-varying coefficient VAR models with stochastic volatility (TVP-

VAR). We write the TVP-VAR with p=2 lags and N=5 variables as
Y = Bos+BriYio1+BoiYioo+er =XBi+e (G.2)

where Y; = [ry, psc,, lty,, 71, yt, ]/ is the same as in Equation G.1, and X/t contains lags of
Y; and a constant. The VAR'’s time-varying coefficients are collected in the vector B¢, and
conditional on the roots of the VAR polynomial lying outside the unit circle evolve as a

driftless random walk.
B =Bi1+u, u-~N(0,Q) (G.3)

where Q is a full matrix allowing parameters across equations to be correlated. Note that
when Q=0, the model reduced to a constant parameter VAR with a stochastic volatility

structure.

The innovations of the measurement equation, e; are Normal with zero mean and time-
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varying covariance matrix (; which we factor as

Q; = A7 'Hy (A (G.4)
here A; is a lower triangular matrix with unit diagonal containing the contemporane-
ous relations between variables in the model, and H; is a diagonal matrix containing the
reduced-form stochastic volatility innovations. Collecting the non-unit non-zero elements

of Ay and the diagonal elements of H; in the vectors, h;y = [hy;, hyy, hshyy, hy ;] and

ar = [ax1y, a314,.-.,a544), they evolve as a geometric random walk and random walk
respectively

Inh;; = Inh;j; 1+, #u~N(0,Zy) (G.5)

ar = a1+, G- N(0,S) (G.6)

The innovations in the model, collected in the diagonal matrix V, are jointly Normal and
the structural shocks, v; are such that, e; = A, 1Ht%vt. S is a block diagonal matrix, which
implies that the non—zero and non—unit elements of A; that belong to different rows evolve
independently. This is a simplifying assumption that permits estimation of A; equation by
equation. We estimate this model using Bayesian methods. We obtain the deterministic
component using the posterior mean of the coefficients and covariance matrix from a linear
BVAR using the first 12 years of data. The Appendix provides specific information with
regards to our choice of priors and an outline of the Markov-Chain Monte Carlo (MCMC)

posterior simulation algorithm.

G.3 Prior for the Linear BVAR and initialising the Primiceri (2005) TVP-VAR

Our prior specification involves estimating a Bayesian fixed coefficient VAR (BVAR)
model over the training sample. The priors imposed on this BVAR model combine the
traditional Minnesota prior of Doan et al. (1984) and Litterman (1986) on the coefficient
matrices with an inverse-Wishart prior on the BVAR’s covariance matrix. In our specifi-
cation, the prior mean on the coefficient matrix sets all elements equal zero, except those
corresponding to the own first lag of each dependent variable which are set to 0.9. This im-
poses the prior belief that our variables exhibit persistence whilst simultaneously ensuring

shrinkage of the other VAR coefficients to zero. The prior variance of the coefficient matrix
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is set similar to Litterman (1986). Our prior for the BVAR’s covariance matrix follows an
inverse-Wishart distribution with the prior scale matrix and degrees of freedom set to an

N-dimensional identity matrix and 1+N respectively.

We estimate the BVAR using a standard Gibbs sampler. For the sake of brevity, we
do not explicitly outline our algorithm since it is well documented; see e.g. Koop and
Korobilis (2010). Our alternative prior specification essentially replaces the conventional
Cogley and Sargent (2005) prior with the posterior means from the draws of an estimated

BVAR over the training sample

_ 1 M
B = B: 7
BVAR Mz—zl i (G.7)
- 1 M
V(B)gyar = M Y V(B), (G.8)
i—1
_ 1 M
YBVAR = i Z % (G.9)

N
I
—

respectively. Here M denotes the number of saved draws from the estimated BVAR which
we set to 20,000. B; and V(B;) denote the ith draw of the coefficient matrix and the variance
of the coefficient matrix respectively. X; denotes the ith draw of the BVAR’s covariance
matrix. From these estimates, the deterministic component of the time-varying coefficient
models, By, ap, hy are Normal and independent of one another, and the distributions of

the hyperparameters. We set

By« N |Bgvar, 4- V(B)gyar (G.10)

G.4 Additional priors for the TVP-VAR

for ap, hy, let pyar be the posterior median of the estimated covariance matrix of the
residuals from the time—invariant BVAR. Let C be the lower-triangular Choleski factor

such that CC' = £gyar. We then set
In ho “ N(ln Ho, 10 x 13) (Gll)

where pg collects the logarithms of the squared elements along the diagonal of C. We

divide each column of C by the corresponding element on the diagonal; call this matrix C.
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We then set
apg v N [50, \7(50)} (G.12)

with a9 = [4¢ 11, 401, 50,31]/ which is a vector collecting all the elements below the diagonal
of C~1. We assume V(&) is diagonal with each element equal to 10 times the absolute
value of the corresponding element of aj. This is an arbitrary prior but correctly scales the

variance of each element of ag to account for their respective magnitudes.

Q is set to follow an inverse-Wishart distribution,
Q ~ IW(Q 1, Ty) (G.13)

where Q = (1 + dim(B¢)) - V(Bgyag) - 3.4 x 107%. The prior degrees of freedom, (1 +
dim(By)), are the minimum allowed for the prior to be proper. Our choice of scaling pa-
rameter of 3.4 x 10* is consistent with Cogley and Sargent (2005). We have also estimated
our models using different priors, we allowed for a more restrictive scaling parameter of
1.0 x 10~* and have also set the degrees of freedom to be the length of the training sample;
in our case this is 80. The scaling parameter essentially sets the amount of drift within
the B; matrices. The results and conclusions presented within the main body are robust to

changing the value of the scaling parameter, and the prior degrees of freedom imposed.

The blocks of S are also assumed to follow inverse-Wishart distributions with prior

degrees of freedom equal to the minimum allowed (i.e. 1+ dim(S;)).

S1 —~ IW(S;1,2) (G.14)

S, ~ IW(S,1,3) (G.15)
S; « IW(S;1,4) (G.16)
Sy~ IW(S; 1, 5) (G.17)

we set S, ..., S5 in accordance with ap such that our calibration is consistent with setting
Si, ..., S5 to 10~* times the corresponding diagonal block of V(aj). The variances for

the stochastic volatility innovations, as in Cogley and Sargent (2005), follow an inverse—
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Gamma distribution for the elements of Zj,,
Zy,ij IG(T 5) (G.18)

G.5 Posterior Simulation of the Primiceri (2005) TVP-VAR

In order to simulate the posterior distribution of the hyperparameters and states, con-
ditional on the data, we implement the following MCMC that combines elements from

Primiceri (2005) and Cogley and Sargent (2005).

1) Draw elements of B; Conditional on YT, aT and HT, the observation equation (1) is
linear with Gaussian innovations with a known covariance matrix. Factoring the

density of B, p(B;) in the following manner
T—1
p(BT|yT, AT, H", V) = p(Br|Y", AT, HT, V) [ p(B:|B:s1, Y, AT, H, V) (G.19)
t=1

the Kalman filter recursions pin down the first element on the right hand side of
the above; p(BT|YT, AT,HT,V) «» N(Br, Pr), with Py being the precision matrix of
Br from the Kalman filter. The remaining elements in the factorisation are obtained

via backward recursions as in Cogley and Sargent (2005). Since B; is conditionally

Normal
By = Pt|tPt;11|t(Bt+1 —By) (G.20)
Pyr1 = Py — Pt|tpt111‘tpt\t (G.21)

which yields, for every t from T — 1 to 1, the remaining elements in the observation
equation (1). More precisely, the backward recursion begins with a draw, Br from
N(Br, Pr). Conditional on Br, the above produces Br_qr and Pr_yj7. This permits

drawing Br_; from N(By_q|7, Pr_q)7) until t=1.

2) Drawing elements of a; Conditional on YT, BT and H” we follow Primiceri (2005) and

note that (1) can be written as

Ath = At (Yt — X;Bt) = Atet = V¢ (G22)

Var(v;) = H; (G.23)
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The corresponding observation equations and the state equation permit drawing the
elements of a; equation by equation using the same algorithm as above; assuming S

is block diagonal.

3) Drawing elements of H; Conditional on YT, BT and a’, the orthogonal innovations ut,
Var(e;) = H; are observable. Following Jacquier et al. (2002) the stochastic volatilities,
h;,’s, are sampled element by element; Cogley and Sargent (2005) provide details in
Appendix B.2.5 of their paper.

4) Drawing the hyperparameters Conditional on YT, BT, H; and a’, the innovations in
B:, a; and h; ;’s are observable, which allows one to draw the elements of Q,Sq, ..., S5

and the Zj, ;; from their respective distributions.

G.6 Additional Results from Alternative Models

Here we present results from alternative models. First we present those from a linear
BVAR. Second we examine results from the TVP-VAR with stochastic volatility as in Prim-
iceri (2005). Finally, we show a snap shot of results from a battery of TVAR models we

estimate in the spirit of Alessandri and Mumtaz (2017).

G.6.1 Linear Bayesian VAR Model

Figure G.1 shows the posterior median and one-standard error credible intervals of
impulse response functions of the output gap, inflation, the Bank Rate, and the long-
term yield with respect to bank funding shocks and monetary policy shocks. Historical

decompositions are available upon request.

G.6.2 Primiceri (2005) Results

Figure G.2 presents the counterfactual results under the TVP-VAR model analogous to
those we report in the top row of Figure 7. Historical decompositions are available upon

request.
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Figure G.1. Impulse Response functions for Bank Funding and Monetary Policy Shocks

Notes: This top and bottom panels of this figure plot the impulse response functions of macroeco-
nomic variables with respect to quantitative easing and monetary policy shocks, respectively. y; is
the output gap; 71; is inflation; r; is the Bank Rate; and lty; is the long-term yield.
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Figure G.2. Counterfactual experiments: Quantitative Easing/Tightening episodes

Notes: This figure plots the posterior median counterfactual paths of the output gap, y;; CPI in-
flation, 71;; and long-term yields, lty; across the four quantitative easing (QE) episodes, and the
quantitative tightening (QT) episode in our sample. The counterfactual shows the impact that each
round of QE (QT) has in isolation of all other shocks. This tells us the model-implied impact of
each QE/QT episode. These are directly comparable to Figure 7 in the main text.

G.7 Threshold VAR Models

Here, we outline an s = 2 regime threshold VAR (TVAR) model using a standard
Minnesota prior with p=2 lags and N=5. The TVAR is given by

p ! p L

Y = {C0,1 + Y CpiYip+QF et,l} o+ {Co,z + Y CpoYip+ QF et,Z} (1-@.24)
p=1 p=1

5 o= 1,ifY; 4<nv (G.25)

where Y; = [ry, psc,, lty,, 7, yt,]/, is the same as in Equation G.1. Cp is an N x 1 vector
of intercepts and C, are N X N coefficient matrices. J is an indicator function which is
equal to 1 when the threshold variable Y;;_; < . We estimate both the delay parameter d,
and the threshold value y. We follow the estimation algorithm in Alessandri and Mumtaz

(2017) to obtain draws from the posterior distributions of the coefficients and covariance

matrices, and refer the reader to their paper for details.

G.7.1 TVAR Generalized Impulse Response Computation

To compute generalized impulse responses, we follow an algorithm similar to Koop

et al. (1996). The impulse response function is defined as the difference between two
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conditional expectations, with and without exogenous shocks
IRF,j = E [y14j|vi, Fi] — E [ys4;]Fi] (G.26)

where y;,; contains forecasts of the endogenous variables at horizon j = 1, ...,20, F; rep-
resents the current information set and v; is a vector of current disturbance terms. The
information set with which the forecasts are conditioned on, contains the actual values
of the lagged variables and a draw from the posterior distribution. We obtain the struc-
tural impact matrix using Algorithm 1 in Arias et al. (2018) using the same combination of
sign and zero restrictions in Table 1. Generalized impulse response functions in the TVAR
model allow for asymmetries in the size and sign of shock; as well as allowing for the

possibility of movement from one regime to another.
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G.7.2 Investigating Asymmetries from Generalized Impulse Response Functions using Threshold
VAR Models

Table G.1. Threshold estimates from TVAR models (Alessandri and Mumtaz, 2017).

Notes: This table presents the threshold estimates for TVAR models. We consider each variable
within the information set as the variable that governs the regime change; namely the Bank Rate,
rt; public sector funding from banks, psc;; the long-term yield, lty;; inflation, 7;; and the output
gap, y:. We also consider four exogenous variables to govern regime changes. These are: economic
policy uncertainty (Baker et al., 2016), epu;; financial stress, fsi;; the budget surplus, surp;, and
the annualized volatility of quarterly stock returns, cX. Along side the posterior median threshold
estimates, y, we report the sample mean for each transition variable below.

Yit—a= 1 psci—1 ltyr 1 m1 oy
v= 8.21 1.51 6.71 583 0.34
Sample mean 6.38 1.35 708 493 0.08
Yit_q= epu;_1 fsij_1 surps_ O'tli 1

v= 87.04 0.15 1.10 48.88

Sample Mean  86.97 0.14 -3.50 35.31

Table G.1 reports the threshold estimates for TVAR models. We consider each variable
within the information set as the variable that governs the regime change; namely the Bank
Rate, ry; public sector funding from banks, psc;; the long-term yield, lty;; inflation, 7t;; and
the output gap, y:. We also consider four exogenous variables to govern regime changes.
These are: economic policy uncertainty (Baker et al., 2016), epu; (available from the eco-
nomic policy website); financial stress, fsi; (available from the Statistical Data Warehouse
of the European Central Bank); the budget surplus, surp; (available from the Bank of Eng-
land’s Millennium of Macroeconomic Database), and the annualized volatility of quarterly
stock returns, O'tR (also available from the Bank of England’s Millennium of Macroeconomic
Database). Along side the posterior median threshold estimates, v, we report the sample
mean for each transition variable below. Overall, the majority of variables have thresh-
old estimates close to their means. The only variables with an estimate of 7y that deviate

substantially from their means are the surplus, and annualized stock return volatility.

Figures G.3-G.4 show the regime specific generalized impulse response functions for
economic variables with respect to a positive one-standard deviation bank funding shock
and monetary policy shock, respectively. We report the posterior median impulse response

functions and consider all endogenous variables as those that govern regime changes.
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In addition, we also consider four exogenous variables as those that govern the regime
changes. These are: economic policy uncertainty (Baker et al., 2016), epuy; financial stress,
tsit; the budget surplus, surp;, and the annualized volatility of quarterly stock returns, oR.
The plots provide little evidence in favor of asymmetries in the response of variables to
such shocks across different regimes. We also investigate the sizes and signs of shocks.
Our findings indicate that changing the size of the shock tends to scale up the impulse
responses, and changing the sign of the shocks results in no difference in the absolute

values of the impulse response functions; these are available upon request.
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Figure G.3. Regime-specific impulse response functions for bank funding shocks v1

Notes: This figure reports impulse response functions of economic variables with respect to bank
funding shocks. We consider each variable within the information set as the variable that governs
the regime change; namely the Bank Rate, 1;; public sector funding from banks, psc;; the long-term
yield, lty;; inflation, 77;; and the output gap, y;. We also consider four exogenous variables to
govern regime changes. These are: economic policy uncertainty (Baker et al., 2016), epuy; financial
stress, fsiy; the budget surplus, surp;, and the annualized volatility of quarterly stock returns, oX.
vt is the output gap 7; is inflation; r; is the Bank Rate; and lty; is the long-term yield. The first
row corresponds to Regime 1 when Y;;_; < 7 and the second row corresponds to Regime 2 when
Yita>7.
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Figure G.4. Regime-specific impulse response functions for monetary policy shocks v™P

Notes: This figure reports impulse response functions of economic variables with respect to mone-
tary policy shocks. We consider each variable within the information set as the variable that governs
the regime change; namely the Bank Rate, 1;; public sector funding from banks, psc;; the long-term
yield, lty;; inflation, 77;; and the output gap, y;. We also consider four exogenous variables to gov-
ern regime changes. These are: economic policy uncertainty (Baker et al., 2016), epu;; financial
stress, fsi;; the budget surplus, surp;, and the annualized volatility of quarterly stock returns, oR.
y: is the output gap m; is inflation; ry is the Bank Rate; and lty; is the long-term yield. The first

row corresponds to Regime 1 when Y;;_; < 7 and the second row corresponds to Regime 2 when
Yita >
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