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This paper examines the Bank of England’s (BoE) monetary policy response to the result of the June 2016
advisory referendum, the UK’s decision to withdraw from the EU (what has become known as Brexit) and its
impact on UK government bond yields. Our investigation centers around three critical questions: the impact of
BoE's monetary policies on government bond yields, the role of its communication strategy on market perceptions
of risk, and the overall effectiveness of these measures in managing the uncertainties triggered by Brexit. To
address these issues, we develop a model of sovereign debt supply to understand the drivers of bond yield risk
premia, which we complement with an empirical analysis that assesses the response of BoE's monetary policy
actions and words on the components of bond yields.

An important contribution of our empirical approach is the use of text mining and machine learning techniques to
scrutinize the BoE's published communications. We utilize these methods to extract novel quantitative measures
of the BOE's policy stance from its monetary policy summaries and MPC minutes, capturing the subtleties of the
BoE’s monetary policy communication strategy in order to understand better how communication or forward
guidance may have supported the overall stance of monetary policy. Our new measures, which give an indication
of the degree of hawkishness or dovishness in BOE communication, its focus on Quantitative Easing (QE), and
specific communications addressing Brexit-related uncertainty, are then used to infer the causal effect of central
bank communications on long term yields’ components through local projections.

Our findings reveal that the BoE adopted a multilayered approach in explaining its reaction function in response
to such an unusual sequence of events that significantly impacted UK bond vyields. The central bank’s
communication, particularly regarding Brexit, played a significant role in shaping market expectations and
reducing risk premia. The analysis shows that the BoE's adopted a "mixed strategy” that not only contributed to
lowering the term premium — a proxy for investors’ duration risk — but also contributed to adjust market
expectations towards more expansionary monetary policy, counterbalancing potential increases in risk due to
Brexit. An intriguing aspect of our findings is the complementarity and interplay among QE, Brexit-related
communication, and the BoE’s tone. This interplay suggests the relative impact of each communication
component varies within time, highlighting the importance of a dynamic and adaptive policy framework for central
bank communication in response to economic shocks.

In offering a comprehensive evaluation of the BoE's approach to influencing the long-term interest rates in the
face of Brexit, the study highlights the effectiveness of a coordinated monetary policy strategy that combines
various monetary tools with proactive communication (forward guidance). Using Brexit as a case study, such
insights contribute to our understanding of the importance of central bank communication strategies in times of
geopolitical and economic fragmentation.
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“That is one of the advantages of guidance in this context. It’s giving a better sense, to use the technical term, of
the MPC'’s reaction function. It is not a change in the reaction function, but it gives a better sense of the MPC'’s
reaction function to financial market participants.”

Governor Mark Carney, Quarterly Inflation Report Q&A, August 2013.

The result of the United Kingdom'’s (UK) referendum on whether to leave the European Union (EU), on 23 June
2016, led to elevated and prolonged economic uncertainty, which was quickly reflected in financial market
fluctuations. On the day following the referendum, the UK stock market contracted by 3%, the pound depreciated
by approximately 8% against the US dollar, and UK 10-year government bond yields declined by 30 basis points
(Figure 1). These large responses to the surprise referendum result placed the monetary policy strategy of the
Bank of England under a severe examination, where both actions and words were required to help stabilize bond
markets and limit the disruption to economic activity. In this paper we focus on proving some quantitative
measure on the impact of central bank communications, or what has been termed forward guidance (Barwell and
Chadha, 2014).

Figure 1: Reaction of financial market to the Brexit referendum
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The referendum generated a large, broad-based, and long-lasting impact on the UK economy, reflecting
significant shifts in investor expectations in the face of the UK’s future outside the European Union (International
Monetary Fund, 2016; Bank of England, 2019). A marked decline in long-term risk-free rate expectations can be
immediately observed post-referendum, which reflected expectations that the Bank of England (BoE) would take
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accommodative policy action. On 4 August 2016, the BoE cut policy rates from 0.50% to 0.25%. This decision,
which was part of a broader strategy, was accompanied by an expansion of its Quantitative Easing (QE)
programme, aimed at supporting the UK economy (Figure 2)*. But as we make clear in this paper also involved
signalling, in monetary policy minutes and briefings, about how the BoE might respond as the economy evolved
under the shadow of impending Brexit.

The UK bond market displayed notable movements that coincided with the period following the Brexit referendum
and subsequent policy statement and adjustments by the Bank of England. A visual inspection of the data
suggests a pronounced downward shift in the yield curve in the year following the referendum (Figure 3a). Moving
into the latter half of 2017 and approaching June 2018—two years post-referendum—there was a gradual
recalibration of the Bank's monetary policy stance, seemingly in reaction to rising inflation, which has been
partially attributed to the depreciation of the pound post-referendum (Breinlich et al., 2022). The Bank's approach
to increasing policy rates, coupled with market anticipations of further hikes, is also visible from a pivot in the
yield curve post-2017. By the end of the Brexit transition period in January 2020, the yield curve had flattened
significantly (Figure 3b).2

Figure 2: Evolution of the BoE’s monetary policy and bond yield components® (January 2016—January 2020)

1.6
I\ :
A : 440
1.4 / )
\ _
\ : 430
2 =N ./'\\. A
\ / \ /N
. / 4204
<10 \ i \ N \ 2
3\, 1 \ /' \_«' \‘ /‘ _E
£ \ / N Sy = \ 4103
gos \ / Ve &
g \ e 5
\-
0.4 \. 390
N
0.2 - \ 380
\ ..
Sy A Sy A Sy A >y A -
«3’9 \,@9 \:\9 \:\D \/%9 \3),0 &9 \99 'LQSB
D » P » » P I A 2

—— Bank of England announced policy rate (Bank Rate)
Risk-Free Rate Expectations (10 years)
—-= Term Premium (10 years)
Bank of England balance sheet (Public bond purchases) (RHS)

! The Bank Rate was adjusted downward as part of the conventional measures, while an increase in the stock of UK government
bonds purchased by £60 billion constituted part of the unconventional measures (Dell’Ariccia et al., 2018). The measures of the
Bank of England lowered the 10-year gilt yield, as indicated in their 2016 Inflation Report (Bank of England, 2016a).

2 From June 2016 to early 2020, the BoE implemented two rate hikes. November 2017 saw the first rate increase in over a decade,
from 0.25% to 0.50%. In August 2018, rates were raised from 0.50% to 0.75% (Figure 2), the highest since March 2009. These
hikes, aimed at countering inflationary pressures, were part of the Bank’s strategy to approach its 2% inflation target. From 2017
onwards, a rise in interest rate expectations was evident, coinciding with the BoE’s decision to taper its QE programme and adjust
its base rate.

3 The long-term bond yields are decomposed into their constituents i.e. the risk-free rate expectations and term premium using the

decomposition method proposed by Adrian et al, (2013). Please refer to Annex | for details.
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Turning to long-term bond market reactions, Table 1 outlines a series of critical Brexit-related events, BoE
actions, and the corresponding (unconditional) responses in 10-year UK bond yields’ components around these
events. Substantive bond market shifts occurred immediately following the referendum, specifically from the
market close on 23 June 2016 to the end of 24 June 2016. Within one day, the term premium (a proxy for
investors’ risk perception) dropped by 10 basis points, while expectations about future risk-free rates plummeted
by approximately 16 basis points, in anticipation of further monetary policy accommodation. Based on this,
around 60% of the decline in bond yields can be attributed to changed expectations about future short-term rates.
The pound depreciated on June 24, 2016, by around 8% relative to the US dollar. The second largest movement
was a result of the Monetary Policy Committee (MPC) announcement on August 4, 2016. Theresa May’s 2016
party conference speech and the publication of the Phase 1 agreement led to some increase in the risk premium,
and further depreciations in the exchange rate.*

Figure 3: Yield curve reaction to the Brexit referendum
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4 While there were actions by the Bank of England after January 2020, they were largely in response to the COVID-19 pandemic
rather than directly associated with Brexit.
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(b) Two-Year Post-Brexit Referendum to Transition End

3.0

2.5

2.0t

1.5}

Yield (%)

1.0}

0.5}

0.0

Maturity (years)

—— Two years after Brexit Referendum (6/22/2018)
=== Three years after Brexit Referendum (6/21/2019)
—+— End of the transition period (1/31/2020)

Table 1: Timeline of Brexit-related events, BoE actions and market reactions (bond-yield and exchange rate
responses within one day around the event).

Key Dates  Brexit-related Events Bank of England Actions Term Premium (bp) Risk-Free Rate (bp) GBP/USD (%)

23 Jun 16 UK-EU membership referen- - 4.7 -0.5 0.8
dum.

24 Jun 16 PM David Cameron announces Mark Carney’s address -9.8 -16.4 -8.0
resignation. on BoE’s preparedness

to stabilize markets and
ensure UK’s financial
system resilience.

4 Aug 16 - QE expansion by £60 -14.4 -2.2 -1.5
billion; rate cut to
0.25%.
05 Oct 16  Theresa May’s speech at Con- - 5.3 0.7 -0.1
servative Party convention.
03 Nov 16  Brexit legality challenged in - 2.1 0.6 1.1
Supreme Court.
17 Jan 17  Theresa May’s Lancaster House - -4.0 1.6 2.7
speech.
24 Jan 17  Supreme Court requires Parlia- - 0.7 -0.6 0.1
mentary approval of Brexit bill.
29 Mar 17  Invocation of Article 50. - 0.3 -4.1 -0.1
2 Nov 17 - Rate raised to 0.50%. 0.2 -8.5 -1.4
08 Dec 17  UK-EU Phase 1 agreement. - 4.6 -1.9 -0.3
2 Aug 18 - Rate raised to 0.75%. 7.8 -8.3 -0.7
31 Jan 20  Transition period ends. - -3.4 1.4 0.6

Note: The UK 10-year bond yield data is sourced from NIESR's Sovereign Bond Term Premia Series, decomposed into term
premium and risk-free rate expectations as per Adrian et al. (2013). Exchange rate data is obtained from ONS.

The relationship between Brexit and the UK’s bond yield responses, combined with the Bank of England’s
monetary policy actions, raises three questions: i) How did the BoE’s monetary policy (both conventional and



IMF WORKING PAPERS Deciphering Delphic Guidance: The Bank of England and Brexit

unconventional) influence UK government bond yields after Brexit? ii) What role did the BoE's communication
strategy, encompassing forward guidance, play in shaping markets’ risk perceptions? iii) Was the BoE’s approach
effective in navigating Brexit-related uncertainty?

In exploring the reactions of UK bond yields to Brexit, we begin with a simple theoretical model of sovereign debt
supply. This model highlights the drivers of movements in long-term bond yields relative to short-term risk-free
rate expectations in terms of liquidity preference and bond supply. Subsequently, we delve into an empirical
analysis of bond yield responses, to changes in key macroeconomic variables as well as messages conveyed
by monetary policymakers.

Our empirical analysis of UK bond yield responses consists of different stages. First, we use the standard three-
step regression approach proposed by Adrian et al. (2013) to decompose UK 10-year bond yields into
components that capture expectations about future risk-free rates and then also a term premium. Next, we use
text-mining techniques (including dictionary methods and the Latent Dirichlet Allocation algorithm; see Blei et al.,
2003) to extract measures of the monetary policy stance from the Bank of England’s monetary policy summaries
and MPC minutes. This analysis yields three novel indicators that run from 1999 to 2020. The ‘tone index’,
captures the relative importance of the BoE’s hawkishness versus its dovish ‘tone’, essentially, we are looking
for the likely stance of policy towards tightening or loosening. Our other two indices quantify discussions on Brexit
and QE in those same Bank communications. We then use the narrative approach (Romer and Romer, 2004;
Cloyne and Hurtgen, 2016) to ascertain policy shocks from these indices. And finally we use local projection
methods (Jorda, 2005) to infer the causal effect of central bank communication on long term yields’ components.

To preview the results, our analysis suggests that the BoE’s responses contributed significantly to a reduction in
the market perception of risk, as well as shifting market expectations towards more expansionary monetary
policy, which may have offset Brexit-related increases in risk. In this sense, our findings point to the effectiveness
of the interplay between QE-communication, as well as communication strategies concerning Brexit, and the
BoE’s tone. It turns out that each of these influenced the UK risk premium across different time frames: QE,
Brexit-related communication strategies, and tone are found to be most effective over 1 to 5 month, 4 to 8 month
and at greater than 11-month horizon, respectively. This suggests that, while each policy holds its own
importance, their relative influence depends on its strategic complementarity with other measures. The remainder
of the paper is organized as follows: Section 2 delves into a review of the literature; Section 3 lays out a theoretical
model of debt supply, liquidity and the term premium; Section 4 outlines our methodology for extracting
guantitative measures of central bank communications; Section 5 presents our empirical model. Section 6 details
our findings from a model of UK yield curve factors concerning the effects of monetary policy. Section 7 discusses
the policy implications. And finally, Section 8 concludes.

The result of the Brexit referendum significantly changed the UK’s economic outlook, and this was quickly
reflected in financial market prices. A notable consequence of Brexit was the heightened uncertainty regarding
future policy directions (Dhingra and Sampson, 2022). Within this context, Born et al. (2019) analyzed the impact
of the Brexit referendum on future expectations about the UK economy. They suggested that a considerable
portion of the Brexit cost was attributable to lowered economic expectations. In a similar vein, Bloom et al. (2019)
observed a sustained rise in uncertainty, reduced investment, as well as a drop in UK productivity in the three
years following the referendum.
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While it is evident that the financial markets (exchange rates, bond yields and stock markets) responded sharply
to Brexit with, for example, the fall in equity prices explained by a worsening in the economic outlook.

Breinlich et al. (2018) find that firms with stronger reliance on the domestic or EU market experienced larger falls
in share prices compared to more diversified international firms. Similarly, Davies and Studnicka (2018) estimate
that the equity market reaction for companies that are part of complex supply chains was more substantial
compared to less vulnerable peers. These observations highlight the rapid realignment of investors’ expectations
in light of the changed circumstances following the Brexit vote.

The bond market also displayed Brexit-induced disturbances. Belke et al. (2018) linked an increased Brexit
probability to a decline in the UK’s long-term interest rates. Conversely, they also noted an increase in the
sovereign Credit Default Swap (CDS) for the UK’s 10-year bonds, signaling an increased perception of risk.
Complementing this analysis, Kadiric (2022) found that the announcement of the Brexit referendum result led to
a surge in the risk premia in the UK and various European government bond markets. The study argues that
Brexit significantly impacted yield spreads, leading to higher sovereign risk premiums in the UK and most other
selected European countries. This could potentially suggest a degree of diminished confidence in the UK
government bond as a safe asset, subjecting the UK’s financial market and economy to new challenges. By using
yield spreads as a proxy for risk premium, they highlight the complexities of investor risk assessment in times of
significant political and economic shifts, such as Brexit.

Building on the understanding of the bond market responses, Opatrny (2021) offers a counterfactual analysis
highlighting the potential path of the UK stock exchange, long-term government bonds, and exchange rate in the
absence of the Brexit vote. This study revealed a substantial Brexit-induced negative effect on the 10-year bond
yield, estimated to be 1.2 percentage points lower than the counterfactual ‘no-Brexit’ scenario. This effect can be
compared to the impact of the Bank of England’s Quantitative Easing (QE) implemented in February 2010, which
resulted in a 100-basis point reduction in the 10-year bond yield (Joyce et al., 2011). Against this backdrop of
bond market volatility and adjustments post-Brexit, the BoE’s monetary policy decisions (including the use of
unconventional tools such as QE), assumed heightened significance. There is much debate about the way QE
affects long-term interest rates. Bauer and Rudebusch (2014) find that QE can serve as a signal to markets that
policy rates will remain low for longer, thereby reducing short-term rate expectations. Additionally, Joyce et al.
(2012), Christensen and Rudebusch (2012), and Chadha and Waters (2014) show that in the UK the Bank of
England’s Asset Purchase Programme’s had a substantial portfolio rebalancing effect, whereby the central bank
decreased the supply of safe assets like government bonds which reduced their yields. Moreover, Chadha and
Hantzsche (2018) shed light on the international ripple effects of these measures, with the BoE’s QE program
notably impacting German Bund yields.

Our study examines the relationship between the Bank of England’s (conventional and unconventional, including
forward guidance from communications) monetary policy strategies and the behavior of UK long-term
government bond yields against the backdrop of Brexit. Our empirical analysis, underpinned by advanced text-
mining techniques, introduces three novel indicators that enhance our understanding of the BoE’s communication
strategies. By shedding light on the complementary roles of QE, Brexit-related communication strategies, and
forward guidance on reducing the term premium across varied time horizons, this study not only contributes to
the existing literature on the UK’s bond yield responses to Brexit but also offers an understanding of the
importance of central bank communications as part of the monetary policy strategy during turbulent times.
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In theory, Brexit's impact on long-term government bond yields can be understood through multiple, sometimes
competing, channels. Firstly, Brexit can be interpreted as a news shock about future nominal income growth
(IMF, 2016). Barsky and Sims (2011), for example, find that real interest rates rise in response to positive
productivity news. Conversely, one can expect the component of long-term yields reflecting future risk-free rate
expectations to decline in response to negative news (news effect).

Secondly, uncertainty itself can reduce firms’ propensity to hire and investment and consumers’ intention to
spend, leading to reduced employment and output growth (Bloom, 2014). However, investors may demand a
higher compensation given the unknown future state of the economy, thus pricing risk premia (uncertainty effect).

Third, interest rates in the short and long-term are also influenced by the expectations of how the monetary
authority will react (policy anticipation effect). A central bank mostly concerned about potential inflation pressures
from higher trade costs might lean towards a tighter monetary policy, leading to a rise in short-term rate
expectations. In contrast, a central bank more concerned about mitigating output responses may choose to bring
forward future interest rate cuts, leading to expectations of lower future policy rates. It may additionally be
expected to redeploy unconventional monetary tools, such as Quantitative Easing, adding another layer of
complexity. How these expectations evolve will be affected by the communications published by the central bank
about its view on the state of the economy and the central bank’s likely reaction function.

In this section, we outline a stylized model of debt supply and risk premium. First, we can consider the
government’s issuance of short and long-run debt to households, which we can think of as a transfer to provide
insurance against income shocks.> Secondly, we model the standard household problem in an endowment
economy, as in Lucas (1982), in which there is a continuum of identical, infinitely lived households. They have
standard preferences over consumption and are given a non-storable endowment. The wealth of each household
consists of money, one-period nominal bonds, subsequently referred to as T-bills, and long-term bonds, which
we shall model as consols.

The holdings of all bonds are subject to inflation risk and pay off a unit of currency after one period. We allow
some fraction of the T-bill to act as currency in this set-up, and so its price can deviate from the standard pricing
kernel. The consol holdings are also subject to inflation risk and pay off a unit of currency but their price varies
with supply. We shall aim to price both bonds in terms of household utility. At the beginning of each period,
households are given a money and income endowment that is publicly observed, M, and y,. They also receive a
payoff to bonds held and then must decide how to allocate wealth across money balances, M2, T-bills, zY, and
consols, z{. They further receive a lump-sum transfer from the monetary-fiscal authority. The representative
household thus solves:

> 1
maxEOZ Btu(c,), 0< B <1, @
t=0

subject to the following three constraints. The conditional expectations operator, E,, is defined with a time
subscript, B is the rate of time preference and u(c,) is the representative household's utility function in terms of
per period consumption, c;.

5 The government here acts as a combined monetary-fiscal authority.
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The government budget constraint

The government budget constraint is given by:

Xt N4 Vizi 1 _ (1 +V)ziy _ % _ E (2)
Pt ‘ Dt Dt Pt bt Dt

where the government issues T-bills and consols. The previous one-period T-bills are redeemed at face value
and the previous issuance of consols pay one unit of currency. In addition to the change in the issuance of debt,
o _ M

d
. . . ME . .
the consolidated monetary sector can increase its balance sheet, e = o f. These flows pin down the size
t t t

of lump sum transfers to the household. These transfers can be thought of an insurance device to offset
stochastic deviations in the income endowment. This government constraint can be placed into the household
budget constraint.

Household flow budget constraint

_ x Viz§ ME _ 1 1+V)zE, ME, T,
ptlct—l —tZéV+tt+—t_ptlyt_1+—Zt{V_1+( t)t1+ -1 Tt

Pt Pt Pt Pt B ? Pt Pt Pt Pt

3)

The household flow budget constraint balances the household's real income and expenditures. Real income
includes the previous period's endowments y,_,, bond revenues z, and zf_,, money holdings M{,, and
government transfers T,. Expenditures encompass the previous period's consumption ¢;_; and the current
period's allocation towards new bond purchases zY and z¢ and money balances MZ - 6

The household decides how to allocate their wealth across consumption and money balances that are required
to affect a given consumption plan and purchases of T-bills and consols at prices of x;, and q.,,, respectively. At
the end of the period, after the household has made its choice but before the market closes, there is an
announcement about the level of output which leads to the issuance of debt by the government or an opportunity
for the household to sell some of its one-period T-bills.

Cash-in-advance constraint

M2 zN 4
G <—+p— ®
Dt Dt

This constraint bounds the household's consumption to the real value of its liquid assets, namely, the real
d N

balances of money, Z—t, and a portion of T-bills, ¢%, which are liquid enough to be used for immediate
t t

consumption, akin to the role of currency. It highlights the necessity for households to have liquid funds readily
available for their consumption plans.

The first-order conditions

Given their constraints and objectives, households make decisions regarding their consumption levels (c;), bond
purchases (z}, zf), and money holdings (M). This optimization (utility maximization problem) yields first-order
conditions that determine the pricing of T-bills and consols.

8 The household budget involves the receipt of an endowment, y,, that cannot be spent until the following period so it is subject to

inflation risk, p;’l, the value of maturing T-bills is z) and the real price is deflated by the price level, p,. Similarly, the value of the
t

payoff from consols, z{, is deflated by the price level.
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The Lagrange multiplier associated with the household budget constraint is A, and that associated with the cash-
in-advance constraint is y,. The first-order conditions associated with this problem then are:

, p
u'(c) = BEt/lt+1_t + U ®)
Pt+1
for consumption.
Xt 1 He
A—=BEAdp;—+Pp—
tpt BE: t+1pt+1 ¢Pt
At+1 Dt U (6)
x, = PE +¢—
‘ ‘ At Pema A¢
for the T-bill.
V, 1+V,
At_t = ﬁEtltﬂ(iHl)
Pt t+1
g, = Vi _ Atr1 Pt (7
‘ 1+ Vern) ‘ At Pema
for the consol price.
A ! = BEA ! + !
t . tAt+1 Poes MtPt
P 8)

Ae = BEArsq P + U

t+1

for real money balances.
Now we can solve for the price of the T-bill and the consol price. First substitute (8) into (5) and then into (9).

u'(c,) i = BEU (Cey1) L +¢ a3
Pt Pt+1 bt

"( )—xt BEu'( )—1 +¢(/1 1 BE,A 1 )
uc = u (¢ —
t pt t t+1 pt+1 tp ttt+1 p

t t+1

1

! Xt — ! ’ 1 , 1
W)t = BEA () —+ ¢ (w e - BB () E)

t+1

_ u(Cry1) Pe u,(ct)&_ u'(Crv1) Pe
=P u'(ct) Prsr (u'(Ct) Dt PEe u'(ct) Pt+1>

_ u(Cry1) Pe w(cry1) Pe )
X = BE. u'(cy) Pt+1+¢<1_ﬁEt u'(cy) pt+1>
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The price of the T-bill, x,, is thus given by the intertemporal rate of substitution in nominal consumption plus a
term that relates to the liquidity demand, ¢, for these nominal bonds. We can immediately see that the
hypothetical price of the consol will be:

w(Ces1) Pe (20)

=PE,————
9= FE w(c) DPr+r

And so,

xx=0A—-¢)g +¢

The pricing formula for T-bills, x,, illustrates a weighted sum of two components. The first term, (1 — ¢)q;, mirrors
the consol's price, reflecting the nominal rate of substitution between current and future consumption, adjusted
for the lack of liquidity (1 — ¢). The second term, ¢, introduces the liquidity premium associated with T-bills. This
premium signifies the additional value attributed to T-bills due to their higher liquidity relative to consols.

Figure 4: Relationship between consol and T-bill prices

gy, consol price
A

S .
&L O(®;h)

> a5° degrees

~
>

x;, T-Bill price

No-arbitrage condition for bonds

We will introduce traders who ensure that there is no arbitrage between the market price of consols and that of
T-bills but at some cost:

Qe
1= gyrb
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so that as the total stock of debt (both T-bills and consols), b, increases above its steady-state, b, then the market
price of consols, g;, relative to T-bills falls.”

Proposition 1 When ¢ = 0 and b = b, the price of a T-bill and the market price of a one-period return on consols
will be the same as the hypothetical one-period bond price:

BE u'(cry1) Pe = 11
‘ w () Pee ‘ 147N e 1+7f

But generally, the relationship between the market price of long-term consols to T-bills is given by the following
expression:

1 xXt—¢
qt - (1_¢)ew(bt_5) (11)

Proposition 2 The market price of consols relative to T-Bills falls in liquidity (¢) and in the issuance of bonds,
(D).

The difference between the hypothetical price for consols (in the absence of arbitrage) and hypothetical one-
period returns — equation (11) — can be interpreted as term premium. We have shown that it can be modelled as
a function of the liquidity and size of the debt stock. For instance, if the government reduces the net supply of
long-term bonds b;, for instance, by adopting Quantitative Easing, we expect the difference between the prices
of consols and hypothetical returns to widen, or the bond yield premium to fall. Similarly, a rise in the preference
for holding T-bills or money instead of bonds would also be expected to widen the price wedge and increase the
yield premium during periods of elevated risk aversion. Any credible announcements about increases in the net
supply of bonds or events that increase the demand for liquidity may be expected to increase term premia. The
BoE may this have an incentive to adopt a communication strategy that mitigates against these effects if they do
not match the intended stance of policy.

A key element of contemporary central banking strategy, including that of the Bank of England, is not only to
implement effective monetary policies but also to clearly convey the reasoning underpinning such decisions (Apel
and Grimaldi, 2012). The Bank of England’s Monetary Policy Committee’s (MPC) summaries and minutes offer
detailed ‘post-meeting assessments’ that articulate the economic analysis influencing proposed changes and the
subsequent adjustments in monetary policy. The nine-member MPC evaluates economic performance and its
potential impact on inflation and growth. The minutes provide an exhaustive and, importantly, contemporaneous
overview of their financial market assessments and macroeconomic conditions, which guide decisions on
maintaining price stability and supporting the government’s objectives on growth. To obtain quantitative
measures of the central bank’s communication narrative, we apply several text-mining techniques to the corpus
of Bank of England monetary policy summaries and minutes of MPC meetings® for our sample spanning from

" The parameter i represents the non-linear costs or frictions that arise to prevent arbitrage. The exponential term denotes that these
costs increase as the debt stock deviates more significantly from its steady state.

8 Summaries and minutes are taken from the website https://www.bankofengland.co.uk/monetary-policy-summary-and-
minutes/monetary-policy-summary-and-minutes, accessed on 25 Feb 2021.
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January 1999 to December 2019.° We go on to construct measures of hawkishness in tone and the degree to
which asset purchase programmes and Brexit-related communication are discussed at the MPC.%°

The Bank of England’s monetary policy summary and minutes

The monetary policy summary and minutes from the MPC’s meetings count amongst the documents released
by the central bank that are carefully scrutinised by financial market participants. They are part of the Bank'’s set
of policy tools for transmitting signals about the likely future monetary policy stance. More specifically, the content
of these minutes aims to inform the public about the MPC'’s insights and assessment of the current and expected
condition of the macroeconomy, financial market developments, and the rationale behind decisions around the
policy interest rate.

Since 1998, the Bank of England has released a summary and minutes of MPC meetings with a short time lag.
Over the years, several aspects of the Bank of England’s communication practice changed. For instance, before
July 2015, the Bank released the minutes on the Wednesday of the second week after the MPC meeting. The
frequency of meetings per year also varied over the past two decades. Indeed, until 2015 the MPC used to meet
monthly. Since 2016, the Bank of England releases its summary minutes in the inter-meeting period at 12 noon
on the Thursday after the meetings, which take place eight times a year. We capture all these minutes and
publications in our text mining.

Turning to our application of text mining methods, a few methodological steps are required to deal with
unstructured text data. Firstly, we convert the whole set of files (downloaded in PDF format) into plain text format
by grouping bunches of words at the level of individual minutes files. For each of the minutes, we then strip out
the cover page and the part concerning the final voting process, as well as related bullet points.*? The next step
involves a more technical processing where we first transform the content of the raw text data into a
sequence of items (also called tokens) that can be either a word, number, or symbol included in the document.
Then we remove white spaces, punctuation, numbers, and capitalisations.

A more tailored pre-processing is required when applying text mining. We provide further explanations related to
these techniques in the following subsections and in the Annex. To illustrate how our algorithms might function,
we highlight specific examples drawn from the Bank of England’s Minutes of the Monetary Policy Committee
meetings. For instance, the following quote from the BoE’s Minutes of the MPC meeting is likely to be picked up
by the algorithm for its relevance to Brexit-related uncertainty:

“Taken together, developments in financial markets suggested that participants were placing less weight
than in February on downside risks materialising in the near term. A number of risks to the global economy
remained, including from emerging markets and from weak advanced economy productivity growth. The
outcome of the referendum on EU membership continued to be the largest domestic_risk.”

Bank of England’s Minutes of the Monetary Policy Committee Meeting ending on 11 May 2016

9 See Bholat et al. (2015) for an extensive survey of text mining techniques and related applications on central bank documents.

10 Instances of disagreements are also recorded in these meetings. For example, the August 2016 MPC
report (Bank of England, 2016b), post-Brexit referendum, sheds light on committee disagreements, as
evidenced in points 40 and 41. Such details unveil the underpinnings of consensus and disagreements within the monetary policy
committee, contributing to the discourse on central bank disagreement dynamics. Some recent studies such as Madeira et al.
(2023); Falck et al. (2017) have tried to study this.

1 Other potential forms of Bank of England communication to analyze include the Inflation Report and
MPC members’ speeches. However, the former is released quarterly and provides mainly information about the Bank’s economic
forecasts. The latter are relatively unstructured text data with irregular frequencies that would cause several methodological
challenges to text mining approaches.

12 Usually, the voting information is included at the end of the document representing the last points of the meeting minutes.
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Furthermore, in exploring the topic of QE, the algorithm is likely to identify relevant sentences, such as the
following from the MPC meeting minutes:

“The MPC also considered an expansion of its asset purchase programme for UK government bonds,
financed by the issuance of central bank reserves. This would trigger portfolio rebalancing into riskier
assets, lowering the real cost of borrowing for households and companies. The Committee was mindful of
the fact that an expansion of its asset purchase programme would be within the context of an already low
interest rate environment.”

Bank of England’s Minutes of the Monetary Policy Committee Meeting ending on 3 Aug. 2016

Measuring central bank hawkishness vs dovishness (tone) using dictionary methods

In recent years, an increasing literature has investigated the semantic orientation of traditional central banks
communication by applying text mining (for instance, Apel and Grimaldi, 2014, Cannon et al., 2015, Hansen and
McMahon, 2016). One of the most common techniques is to employ a dictionary method by which one can extract
the semantic orientation of a document by relying on a ‘search-and-count-words’ approach based on a pre-
specified dictionary. Put differently, the sentiment orientation of a document is expressed in terms of the
frequency of words which are part of an ex-ante built dictionary. The existing literature has proposed several
dictionaries to define different sentiments from text data. Following recent empirical studies applying specific
dictionary methods to central bank documents (Apel and Grimaldi, 2014, Tobback et al., 2017, and Bennani and
Neuenkirch, 2017), we build a dictionary tailored to the monetary policy context, but, more importantly, are able
to extract the Bank of England’s hawkish or dovish tone (“hawkishness”).:®

The measure of hawkishness, which we call ‘tone’, at the meeting level is given as follows:

_ Ynen (hpwy) — Yaep (dpwy) (12)
Yhen (hmwp) +Xaep (dnwy)

TOHE(H_D)m

where h is a hawkish token occurring in a monthly MPC minutes document m and belonging to the pre-specified
hawkish-dictionary H.w,, is the related weight defined by the term frequency-inverse document frequency (tf-
idf).1* The same logic applies for to dovish terms d taken from a dovish dictionary D. The full word list of both
dovish and hawkish dictionaries is reported in Annex Il (Table 5). The indicator is normalised by the sum of
hawkish and dovish terms occurring in each document so that Tone;_p,,, iS bound between +1 (hawkish) and -
1 (dovish).

The signalling content of MPC minutes is meant to anchor market and private-sector expectations so as to ensure
a more effective implementation of monetary policy. We interpret this as a measure of the Bank of England's
tone aiming at providing policy signals to both markets and individual agents.

13 See Cannon et al., 2015 for a more detailed critique of the adoption of too broad dictionaries for extracting central bank
communication indicators.

14 The tf-idf weight is widely adopted in text mining to weight words in large archives of documents. The
weight is defined by two components: the ‘term frequency’ that is given by the ratio between the frequency
of a term appearing in a document and the total number of terms in the document; the ‘inverse document
frequency’ that is the natural logarithm of the ratio between the number of documents and the number of
those documents containing the specific term.
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Figure 5: Bank of England MPC communication
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(b) H-D tone vs risk-free rate

5
/ F6
% I/ \f" ,\1 I\
3 v \ P Al W\
2 o0 il V| L
3 \.\ r v 4
o W |
[
Z [
2 |
-54 |
H 5 ‘ L2
I
e~
14 fo
T T T T T
1/1/2000 1/1/2005 1/1/2010 1/1/2015 11/2020
Year

— Hawkishness index
— Risk-free rate expectations

Note: H-D tone (black line, left scale), against the risk-free rate

(grey line, right scale)

(d) QE communication vs risk-free rate
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For instance, Figure 5a and 5b plot the time series of the BoE hawkishness vs dovishness (H-D), i.e., Tone_p), .
against the term premium and short-rate expectations, respectively.'® Plotted time series illustrate some
correlation between Bank of England tone and markets' expectations, until 2009. We can see that the evolution
of the short-term rate expectations follows the BoE's tone measure closely; an opposite relationship seems to be
apparent from the comparison with the term premium.

Measuring QE and Brexit-related communication using the LDA algorithm

Next, we employ an unsupervised algorithm developed by Blei et al. (2003) called Latent Dirichlet Allocation
(LDA) that allows us to identify a ‘latent’ thematic structure in the large archive of MPC minutes. LDA is a popular
algorithm in text mining and is applied in numerous research disciplines.® It requires two main inputs: the corpus
of documents and a hyperparameter K that represents the number of latent topics generated by LDA. Based on
a hierarchical Bayesian analysis?’, the two main outputs are:

1.) Aterm-topic matrix that displays the distribution over the wordlist of unique tokens, V, occurring in
the corpus of documents, for each K latent topic.

2.) A document-topic matrix that represents the distribution over the tokens for each document, in
other words, the predicted topic mixture for each meeting minutes.

In a nutshell, the first output is the cluster of words that have the highest probabilities to define and be grouped
under a specific topic. The second matrix represents the topic mixture for each document composing the corpus.

Table 2: Top 20 most probable tokens (stemmed) defining Topic 19 (interpreted as QE-related)

1 purchas 6 broad 11 lend 16 polici
2 asset 7 bond 12 gilt 17 meet
3 programin 8 sector 13 yield 18 financi
4 fall 9 increas 14 stimulus 19 gdp

5 economi 10 corpor 15 spread 20 reserv

Table 3: Top 20 most probable tokens (stemmed) defining Topic 16 (interpreted as Brexit-related indicator)

1 uncertainty 6 invest 11 taken 16 drag

2 referendum 7 household 12 financial 17 outcome
3 asset 8 lead 13 delay 18 exchange
4 risk 9 return 14 effect 19 investor
5 capital 10 leave 15 risky 20 look

In terms of labelling the hidden topics, the algorithm does not provide any indication. Therefore, the attribution of
the label for each topic requires some subjective judgement. Blei (2012) leaves the choice of setting the value K

% For a detailled outline of the long-term bond vyield decomposition process into the risk-free rate
expectations and term premium, please refer to Annex |. This decomposition utilizes the three-step
estimation approach proposed by Adrian et al. (2013).

16 See, for instance, Hansen and McMahon, 2016, and Hansen et al., 2017, for an application of LDA to documents released by the
Federal Reserve.

¥ The technical hierarchical Bayesian structure of the algorithm is presented in Annex Il. Please refer
to Blei et al. (2003) and Blei (2012) for an extensive explanation.
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to the researcher’s interpretation. We set K = 44 by relying on the methodology of Deveaud et al. (2014).
Moreover, we run LDA for different topic structures of the corpus by varying K from 40 to 60 as robustness
checks.

Before implementing LDA, additional pre-processing needs to be applied across the corpus of raw text data. After
applying the cleaning steps mentioned in the previous sub-section, we delete irrelevant content (we stripped out
the introductory words of the minutes before turning to its immediate policy decision’ that are consistently
repeated in each document) and repetitive words (also called stopwords) which offer little meaning and
contribution to our specific analysis.'® Finally, we stem each word in order to have common root for each
remaining token (for instance, stemming words such as ‘leave’, ‘leaves’, ‘leaved’, and ‘leaving’ generates a
unique token ‘leav’).

In Table 7 in Annex Il, we report the top five terms specifying each of the 44 topics identified by the algorithm.
Two topics caught our attention. Their 20 most likely tokens are shown in Tables 2 and 3, respectively, with the
order of words defined by the posterior distribution. Topic 19 (Table 2) is defined by terms highly associated with
the Bank’s asset purchase programmes, such as “purchase”, “asset’, “program”, “bond”, “corporate”, “gilt”,
“yield”, “stimulus”, “reserve”. We therefore measure the intensity with which this topic features in MPC minutes
and construct an index of QE communication. Figure 5c¢ and 5d plot the proportion in MPC minutes allocated to
the QE topic against the term premium and risk-free rate expectations, respectively. The QE measure exhibits
significant spikes around the multiple announcements of the programme by the Bank of England. The first spike
corresponds to the first QE intervention in 2009. The second wave of high topic proportions occurs around the
second QE implementation that commenced in October 2011. Finally, high volumes of QE-related discussions

are reported around the third QE intervention starting in August 2016.

"« » o«

Topic 16 (Table 3) encompasses words that are clearly related to the uncertainty surrounding the referendum,
for instance. The topic includes terms like “referendum”, “uncertainty”, “risk”, “capital”, “invest’, “leave”, “risk”,
“exchange”. Figure 5e and 5f show that the Brexit-related measure constructed using the intensity of the topic
captures well the uncertainty sentiment of the Bank of England extracted from its minutes.?® For instance, the
series peaks on 14 of July 2016 which was the day of the first MPC meeting after the referendum held on 23
June 2016. Figure 5e shows an interesting aspect of the dynamics during the months around the Brexit
referendum. Between May 2016 to September 2016, we observe a sharp fall of the term premium component,
while the Bank of England’s uncertainty around the Brexit discussion was at its highest levels. Differently, Figure
5f does not seem to suggest a strong relationship between the Brexit uncertainty index and short-term rate

expectations.

8 We apply two stopword lists. The first is available on Bil McDonald's Word Lists Page
(www.sraf.nd.edu/textual-analysis/resources; site accessed 6th September 2018). The second list is reported in Annex Il (Table
5).

19 While we are able to construct general indicators focused on a broader definition of uncertainty from the
MPC, those measures largely overlap with communication which is Brexit-related (the correlation between
the two is 0.65 in the post-Brexit sample). In our empirical analysis, we decide to include Brexit-related
communication only and control for general uncertainty as described by indicators of ex-post financial market
volatility such as the VIX indicator; see section 5.3 and Annex lI.
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Data

Bond yield components are estimated as explained in Annex | and are available at a monthly frequency. We
obtain a monthly estimate of GDP growth from the National Institute of Economic and Social Research (NIESR)
database. Financial variables, i.e., the exchange rate, FTSE100 and VIX, are obtained from Datastream. A
monthly series of CPI inflation is provided by the Office for National Statistics. The sample spans over January
1999 to December 2019, and becomes irregular from late 2016 onwards to accommodate the altered frequency
of Monetary Policy Committee (MPC) meetings since then. In order to mitigate any potential spurious correlations,
we estimate the model using the irregular sample, rather than employing any interpolation techniques ensuring
the validity of our analysis.

While the Brexit vote was in 2016, the UK’s formal exit occurred on 31 January 2020. We exclude the latter part
of the transition period, positing that market reactions to Brexit were largely anticipated. Furthermore, to avoid
identification issues from potential spillover related to global trade and health shocks, such as COVID-19, our
analysis primarily focuses on data up to December 2019.

Extracting central bank communication shocks

In the empirical model, the measures of central bank communication are orthogonalized to contemporaneous
macroeconomic information, thereby functioning as pure exogenous shocks. In practice, central bank
communication aims at steering expectations on financial markets at least as much as it responds to previous,
contemporaneous and expected changes in the economic outlook. We therefore follow the narrative approach
of Romer and Romer (2004) and Cloyne and Hiirtgen (2016) — the latter previously employed for the BoE — and
strip out systematic, i.e., predictable, components.

To make sure our shock measures are orthogonal to present and past information, we employ real-time forecasts
for GDP growth, inflation and unemployment from the historical NIESR forecast database to isolate innovations
to series of conventional (Bank Rate) and unconventional tools (tone, QE, and Brexit-related indices extracted
from the Bank’s minutes).?°

More specifically, to strip Bank rate of systematic, forecastable components, we run the following regression
(Romer and Romer, 2004):

2 2 2 (13)
Ar, = a + Brpi* + Z /11,1'3’,{1,1- + z yl,i”-,l;j + Z 51,1'(3’7{[,[- - yrjrcl—l,i)
-1 -1 -1

2
+ z 51,i(”7{l,i - ”7{1_1,1') + 0, (ﬂm,o - .Um—1,o) + &P
1

where the dependent variables is the change in Bank Rate announced on day m (i.e., change of the policy rate
between two meetings) and 1,24 is the rate two weeks prior to the meeting m.2! We regress the change in the

20 Following Cloyne and Hurtgen (2016), we assume that forecasts from NIESR are a good proxy for the
real-time information set held by Bank of England policymakers.

21 Since MPC meetings fall on different days of the month, generally the first 10 days, a convenient approach is to consider the
policy rate that prevailed 14 days before.
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policy rate on estimates of real GDP growth for one month back and the current month as well as on one and
two-month ahead forecasts of real GDP growth y/, 22 and similarly for inflation, =/. For the same variables and
forecasting horizons, we include related forecast revisions, i.e., the changes in estimates and forecasts from one
month to the next. We also control for the current month forecast revision of unemployment i, o — Um_10->
Finally, the error term &XP then captures the component of Bank Rate that cannot be predicted from real-time

information on GDP growth, inflation, and unemployment. 24

Figure 6: Monetary Policy Shocks
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Note: The shocks are indices of central bank communication orthogonalized to contemporaneous information using a Romer and
Romer (2004) regression. The sample is irregular as, since 2016, BoE MPC releases changed from 12 to 8 times a year.

2 Under the plausible assumption that the real-time GDP forecast revisions in the Romer and Romer (2004)
regressions capture expected changes in fiscal stances, including any budgetary adjustments, our regression

structure ensures that the identified monetary policy shocks are orthogonal to underlying fiscal dynamics.

systematically accounting for any fiscal response present in the GDP forecast, we ensure that our monetary

policy shocks remain uncorrelated with anticipated fiscal shifts.

2  This factor differs from the specification of both Romer and Romer (2004) and Cloyne and Hurtgen
(2016). The former uses the level of the current-quarter forecast of unemployment. The latter include three
monthly lags of unemployment. However, our baseline specification is based on Bayesian information criteria

and the results are robust to the Romer and Romer (2004) specification since we deal with quarterly forecasts.

24 To capture the variation in averages before and after the Global Financial Crisis (GFC) of 2007,

conduct separate regression analyses on two distinct samples: one pre-crisis and one post-crisis. Our measure
of monetary policy shock is derived from the cumulative effect of these individually estimated shocks from

both periods.
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Similarly, we model changes in tone, QE, and Brexit-related communication measures between two meetings
(J = Toney_p,,,, QE, Brexit) as:

< f S f : f f (14)
Ay = @ + Bolim—1 + p1én? + Z AoV + Z Vol + Z Coi Vi = Yimer1)
-1 -1 -1
2

4 8ol =)+ 6(tmo = Hmor0) + 6
-1
After controlling for movements in Bank Rate through the policy rate shock, we refer to the innovations
MP eTONE £QF and gBrexit ag "policy rate shock”, “tone shock”, "QE shock" and "Brexit shock”, respectively. We
construct the QE shock variable when the minutes started including information content related to purchases of
government securities, as the Bank of England announced the first QE programme in March 2009.

Figure 6a and 6b show the indices for the policy rate and tone shocks, while Figure 6¢ and 6d portray the shocks
for the Quantitative Easing (QE) and Brexit-focused communication. We find that the reductions in Bank Rate
implemented during the Great Recession of 2009 exceeded what could have been inferred from macroeconomic
information available in real time. Our policy rate shock index falls by more than 50 basis points. At the same
time, the BOE appears to have surprised markets with more hawkish communication at that time,
compared to what the change in macroeconomic information would have suggested. Figure 6¢ shows that in
particular the first announcement of quantitative easing came as a surprise: our QE communications shock index
rises by more than five standard deviations in 2009.

Even preceding the UK’s referendum decision to withdraw from the European Union in June 2016, Brexit-related
communication increased, providing an early indication of growing apprehensions about the potential impact of
the UK'’s exit from the European Union. The Monetary Policy Committee’s (MPC) choice to initiate QE again in
August 2016 (Bank of England, 2016) is captured in the rise of the QE shock.

To analyse the response of bond yield components to central bank communication, we employ the local
projections method proposed by Jorda (2005). Compared to the use of vector autoregressions (VAR), the local
projections method has several advantages such as its flexibility and robustness to model misspecification.

Our primary identification strategy draws upon local projections, incorporating both endogenous and exogenous
variables. The endogenous constituents consist of the bond yield elements, specifically the term premium and
risk-free rate, estimated through the three-step estimation method advanced by Adrian et al. (2013) (see Annex
). This is complemented by macroeconomic indicators such as GDP growth and inflation, to allow shocks’ cross-
correlation. The estimation also includes the previously identified shocks — tone, Brexit, and QE — and includes
the interaction term between the term premium and a Brexit dummy.?® We denote these variables by the matrix

% To address the identification problem arising from simultaneous crises periods and the surge of the term
premium in the UK, we introduce exogenous dummy variables to control for large residual outliers. These
dummies are then employed as exogenous variables in the local projections. The dummy for Global Financial
Crisis (GFC) is defined from December 2007 to June 2009. The Brexit dummy starts from July 2016. The
euro area sovereign crisis dummy is defined from May 2010 to July 2012.
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Y: = (Ve41, - Vesr), Where h, the forecast horizon is set to 12 in our model, and provides the dynamic response
over a twelve-months horizon.

The matrix X, = (yt_l,yt_z, ...,yt_p) contains the lagged values of the endogenous variables up to a given order
p.

Moreover, we also incorporate a series of exogenous variables into our model. These include the US term
premium, the volatility index (VIX), the exchange rate (Pound to US Dollar), the FTSE 100 (stock market index),

and dummies for the global financial crisis, the Euro debt crisis, and Brexit, which we collect in matrix Z,.?26
Given these components, we estimate the following joint system:

Y, =XW¥+Z,0+ VD (15)
Here, ¥,0 and & are the matrices of coefficients that we aim to estimate. This specification captures how the

endogenous variables respond to their own past values (through X,), the exogenous variables (through Z,), and
system shocks (through V,).

Results

This section presents our main results. Prior to examining how conventional policy rate shocks influenced yield
curve determinants, we illustrate the reaction of these determinants to a shock in GDP growth. This analysis not
only shows the evolution of the yield curve in response to a change in economic growth but also serves to validate
the model's regularity. Figure 7 presents the relationship between risk-free interest rate expectations (sub-figure
7a) and the term premium (sub-figure 7b) in response to changes in GDP growth.

Figure 7: Response of Yield Curve Determinants to GDP Growth, 95% and 68% confidence intervals (Cl)
(a) Risk-free rate, GDP growth (b) Term premium, GDP growth
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The impulse response functions indicate that as economic growth strengthens, the risk-free interest rate
expectations are in line with the patterns typically observed in conventional monetary policy reaction functions
(Figure 7a). As the central bank adjusts the policy rate upwards, in response to higher GDP growth it
subsequently shapes investor expectations of the risk-free rate. The gradual pace of adjustment may be
explained by a learning process on financial markets in response to shocks of average size which are not
immediately priced into expectations about future rates. Similarly, further to a GDP growth shock, the risk

% The US term premium is used as a proxy for global bond market movements. Other exogenous variables,
such as the volatility index (VIX), capture the influence of external factors beyond the UK, such as the US
taper tantrum episode in 2013. We previously experimented using the exchange rate as an endogenous variable. While the results
are broadly robust, in the end, we opted to use the exchange rate as one of variables in the information set instead (see also
Greenwood et al 2023).
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premium decreases (Figure 7b); that is to say that economic agents demand less compensation for holding
longer-term bonds instead of shorter-term ones, thus justifying the fall in the term premium.

In examining the effect of a conventional monetary policy shock, we observe that an increase in the policy rate
corresponds to an increase in the risk-free rate expectations (Figure 8a). While a policy rate shock is consistent
with a reduction in risk premium (Figure 8b), the impact of a standard monetary policy shock does not yield
statistically significant results, suggesting that an influence on the risk premium might be exerted through
unconventional rather than conventional monetary policy (Figure 8b).

Figure 8: Response of Yield Curve Determinants to Policy rate Shock, 95% and 68% CI
(a) Risk-free rate, Policy rate shock (b) Term premium, Policy rate shock
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The unconventional strategies employed by the Bank of England, consisted of three key channels: Quantitative
Easing, tone and Brexit-related communication/guidance (Figure 9; see also Carney, 2018).

Figure 9: Classification of Bank of England’s Unconventional Strategies

Bank of England’s
Unconventional Strategies

Quantitative Guidance
Easing

Hawkish vs Brexit-focused
Dovish Tone Communication
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Firstly, BoE’'s QE-related communication had a noticeable effect on reducing the term premium (Figure 10),
serving as a clear indication of the Bank of England’s commitment to reduce risk at the long-end of the yield
distribution. Concurrently, the effect of QE-focused communication (rather than QE implementation itself)
influences expectations of risk-free rates only marginally and should be interpreted with the caveat that nominal
rates are at zero.

QE operates through various channels, including signalling, duration, as well as portfolio rebalancing (see, e.g.,
McMahon and Macchiarelli, 2020). The signalling channel of QE, in particular, is expected to interact with forward
guidance. For example, QE asset purchases may signal the central bank’s commitment to keep interest rates
low over the long term, thus reducing sovereign borrowing costs and stimulating demand. This intention may be
publicly announced by the central bank through forward guidance. However, forward guidance in isolation may
lack credibility. This is where QE and forward guidance serve to reinforce one another. Our findings suggest that
QE and forward guidance seemed to have operated in a way that is mutually reinforcing. This supports the
argument that while the lags of the QE shock had an almost immediate and significant impact in reducing the
term premium, the effect of the BoE tone become effective later. This might reflect the gradual adjustment of
market expectations to the central bank’s communicated policy path (see also Krishnamurthy and Vissing-
Jorgensen, 2011).

Figure 10: Response of Term premium to QE Communication Shock, 95% and 68% CI
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The BoE’s use of the tone proved to be highly effective. This strategy equally contributed to a reduction of the
term premium, with its effects that became statistically significant towards the end of the 12-month projection
period (particularly in the months beyond the eleventh) (see Figure 11). In line with theory, a tone (hawkishness)
shock also raised future short-term interest rate expectations. Our findings indicate a notable positive correlation
between the tone of central bank communications and movements in risk-free rates. Specifically, as the central
bank's communications adopted a more hawkish tone, expectations for future short-term interest rates adjusted
upwards (not shown here).

Figure 11: Response of Term Premium to Tone Shock, 95% and 68% ClI
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Finally, the Bank of England’s communication regarding Brexit, which intensified after 2016, appeared to be
successful in reducing the term premium (Figure 12), particularly, between months 4-8. Notably, when the
effectiveness of quantitative easing and tone waned, communication concerning Brexit seemed to have
effectively bridged any central bank’s communication gaps (Figure 13).%”

Figure 12: Response of Term Premium to Brexit Communication Shock, 95% and 68% CI
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In the context of our findings, the communications by the Bank of England regarding Brexit uncertainty can be
understood through the lens of the broader debate on monetary policy transparency and its effects on market
perceptions and outcomes (Chadha and Nolan, 2001). The Bank of England's efforts to communicate about
Brexit-related uncertainty likely served to enhance transparency in a period marked by significant political and
economic ambiguity. Increased transparency can have profound effects on market expectations and behaviours,
primarily through the dissemination of more explicit information regarding the central bank's outlook and policy
intentions. The BoE’s communications may have functioned to mitigate market uncertainty by providing clearer

27 As a robustness check, we also explore an alternative scenario, cutting our sample at the close of the year 2016, prior to the Brexit
referendum. Unsurprisingly, under this specification, Brexit-related communications is not significant in our analysis. The
influences of Quantitative Easing (QE) and forward guidance (FG) retain their effects. This provides compelling evidence that the
effect of these policy measures are not Brexit-related. This confirms the findings that the impulse response function of the term
premium is sensitive to the BoE’s Brexit-focused communication. A further robustness test could involve using an alternative Brexit
metric, derived from Parliamentary documents and detailed in the recent study by Geiger and Giintner (2022).
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guidance on the potential monetary policy paths in the face of Brexit. This reduction in uncertainty could help
explain a decrease in the term premium. The communications effectively signalled a commitment to managing
Brexit-induced risks, which, in turn, did not have a long-lived impact on expectations around future interest rates
path, which was rather influenced via other channels such as conventional monetary policy and the interaction
between QE and the use of its tone.

To conclude, our examination of the interplay among three distinct channels — QE, communication relating to
Brexit uncertainty, and hawkish tone shocks — shows the complementarity of these measures. From a
guantitative perspective, one policy did not outperform the others significantly. Each channel’s influence on the
risk premium, which cumulatively decreased by about 30 basis points (within a 95% confidence interval), is
broadly similar. Yet, when viewed from a qualitative standpoint, each policy displays some effectiveness in
influencing the risk premium across varied time frames. QE proves statistically significant during the initial five
months; Brexit-related communication strategies proved significant in months 4-8; while the impact of the BoE’s
tone became apparent in months 11+. Such complementarity, as depicted in the timeline (Figure 13), emphasizes
the collective contribution of these distinct strategies in reducing the term premium (see also Hansen et al., 2019).

Figure 13: Significance of BoE Strategies in Reducing the Term Premium (95% CI)
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Note: This figure plots the peak impulse responses of the risk premium to shocks from QE communication, tone, and Brexit
communication (corresponding to Figures 10, 11, and 12, respectively) within a 95% confidence interval.

Our findings suggest that responses of the bond market in the direct aftermath of the Brexit referendum were
driven by adjustments in expectations about the monetary policy stance which offset any positive risk premia.

We interpret the decline in risk-free rate expectations on 24 June 2016 as the result of an expected loosening of
monetary policy, relative to expectations before the referendum result was known. Brexit led to a downward
revision in the economic outlook, representing a (supply-side) structural break. Given that the response of risk-
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free rate expectations to the referendum was quite pronounced, markets appear to have priced a relatively stark
turn in Bank of England interest rates, in anticipation of the Bank’s cut in its policy rate two months later.

Our model suggests that a decline in the term premium first and foremost came about through markets’
expectation of a new asset purchase programme to reduce the net supply of debt. In our empirical analysis, we
generally find a persistent negative response of the term premium to QE-related communication in the MPC
minutes. Looking at the term premium duration and persistence, the substantial decline in the term premium
appears to be explained by expectations of unconventional monetary policy responses. The sizeable package of
conventional and unconventional measures announced by the Bank of England after August 4, 2016, then seems
to have taken markets by surprise as the term premium continued to decline.

The anticipation of unconventional monetary policy measures appears to have outweighed any increase in risk
premia in the immediate aftermath of the referendum. Our interpretation that the Brexit referendum led to an
increase in uncertainty, while also raising the expectation of more accommodative monetary policy, is supported
by movement in global and UK-specific market risk variables, reported in Table 4 below. This is complemented
by observations that uncertainty in the UK appears to be offset by expectations of a more expansionary monetary
policy. The local equivalent of the VIX, the implied volatility of FTSE100-listed shares, declined the day after the
referendum and decreased further following the Bank of England’s policy package announcement in August
2016. Financial market risk measures did not move substantially on other days in our sample, suggesting that
the BoE was able to anchor market's expectations that further monetary policy stimulus was on
the way.

Table 4: Response of financial market risk measures

VIX (%) Term premium IT FTSE vol (%) BBB-AAA Spread

(bp) (bp)
23/06/2016 193 191 55 2.8
04/08/2016 3.4 6.2 -12.2 -14.6
05/10/2016 0.4 8.9 3.4 49
03/11/2016 14.3 4.5 2.6 1.3
17/01/2017 5.7 3.5 5.9 -0.9
24/01/2017 -5.9 1.3 -2.1 -0.8
29/03/2017 -1.0 0.6 -3.2 -1.7
08/12/2017 5.7 2.7 1.5 6.9

Since 2008, we find that the BoE’s announcements about its asset purchase programmes led to a persistent
reduction in the term premium, which continued to drop given the BoE'’s Brexit-related communication and use
of the tone. Relating these findings to movements in bond yield components on days when news about Brexit
emerged, we conclude that the decline in the bond yield after the referendum most likely resulted from a
deterioration in the economic outlook and a change in expectations about monetary policy towards a more
expansionary policy stance.

This paper assesses whether there is a Brexit premium priced on markets for UK government bonds. We propose
new quantitative measures of communication among members of the Bank of England’s Monetary Policy
Committee, reflecting the degree of hawkishness in minutes, the intensity with which asset purchase programmes
are discussed, as well as uncertainty pertaining to the Brexit referendum. We then estimate the dynamic
relationship between central bank policy and bond vyield components, controlling for macroeconomic
fundamentals.
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Mapping these general results to bond market movements on days when Brexit news emerged, we find that
Brexit-related uncertainty added to the pressure on sovereign bond yields. However, the anticipation of
expansionary monetary policy measures in response to Brexit appear to have offset any risk premia. This may
explain why we observe an overall negative response of long-term gilt yields.

The Bank of England implemented a mixed strategy involving both conventional and unconventional monetary
policy measures. Quantitative easing, use of the tone, and communication surrounding Brexit uncertainty
constituted key elements of such mixed strategy approach. These measures were observed to impact the term
premium at different points in time, indicating their varying degrees of effectiveness and their role in shaping
market expectations and reducing the term premium at the long end of the curve. We are able to ascertain that
the communication around Brexit was instrumental in complementing the BoE’s broader monetary policy
strategy, contributing significantly to the reduction in risk premium. In this sense, the evidence points to a clear
complementarity in the BoE’s multipronged response.

To conclude, in this study we analysed the complex relationship between the BoE’s monetary policy strategy, its
Brexit-related communication, and its implications on ten-year UK bond yield. To the best of our knowledge, this
constitutes the first research endeavour explicitly investigating this relationship. This study highlights the criticality
of effective communication at times of high market volatility. It suggests that strategic communication during such
periods can augment the effectiveness of monetary policy tools like Quantitative Easing and use of the tone, or
forward guidance. As a means for risk premium reduction, effective communication can serve to navigate the
economy through challenging times such as Brexit.
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We outline the decomposition of gilt yields into two distinct components: one that reflects expectations about
future risk-free rates, and a term premium that compensates investors for various risks, including liquidity,
uncertainties around monetary policy stance, and general market risks. To achieve this, we apply a three-step
estimation method proposed by Adrian et al. (2013) to estimates of zero-coupon gilt yields at different maturities
provided by the Bank of England.

From the cross-sectional dispersion in yields across different maturities five pricing factors are extracted using
principal components analysis. These pricing factors are assumed to follow dynamic processes:

Xip1 =0+ PX + vy (16)

where X;,, are the pricing factors, u is a constant term and & is the autoregressive parameter. Innovations v,
are assumed to follow a Gaussian distribution, conditional on the history of X,. With affine market prices of risk

1
As = 272(4, + 1,X.), an exponentially affine pricing kernel M., for the evolution of prices of bonds of maturity
n, PP = E[M,., P "), is assumed to follow

1, -1 17
My, = exp (_rt - E'lt Ae— A 2vc+1) "

1, represents the continuously compounded risk-free rate. It can be used to obtain log excess holding returns.

Y = RS i P a®

Excess returns can then be written as

i 1 B _ 19
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where eV

independently and identically distributed with variance o2. The first term of the equation captures the excess
return that can be expected from the contemporaneous level of pricing factors. The second term allows for a
convexity adjustment and the third term is the effect of factor innovations on excess returns.

are return pricing errors that are orthogonal to factor innovations v,,,; and conditionally

We first estimate equation (16) is estimated by ordinary least squares. Following Adrian et al. (2013), we then
regress excess returns on a constant term, lagged pricing factors and factor innovations stacked into a matrix V,

rrxt(zzl) =aly + 'V, + cX, + Eppy. (20)

The equation yields estimate of parameter 8 of equation (19). Residuals from equation (20), E,,,, are employed
to obtain an estimate of ¢2.

Third, price of risk parameters 1, and A, are estimated by cross-sectional regression across yields at different
maturities. Finally, we calculate expectations of risk-free short-term rates by setting parameters 4, and 1, to zero.
The term premium is obtained as the difference between short-term rate estimates and observed yields.

We estimate both bond yield components at monthly frequency and then use daily data and estimated
parameters to construct time series at daily frequency.
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To escape any criticism of non-stationarity in the bond yields data over a longer horizon, the 1970s in particular,
we focus on the period since the so-called Zero Lower Bound (ZLB), which is from 2009 onward. Historical
decomposition shows that the expectations about risk-free rates declined since 2009, particularly as the financial
crisis hit and the Bank of England cut their policy rate to historically low levels, hitting the nominal zero.

By contrast, the term premium component - albeit continuing on its secular decline - increased sharply at the
height of the financial crisis but has since continued to follow a downward trend. What can be observed is that,
since 2016, expectations decoupled from the path in the term premium, and increased again, explaining much
of the observed spike in sovereign bond yields. After the referendum, markets started to anticipate that a tapering
phase would ensue, consequently leading to increased interest rates expectations. The years 2018-2019 saw a
substantial surge in the 10-year expectations. The unprecedented arrival of the COVID-19 pandemic
necessitated yet another round of bond-buying by the BoE, thereby prompting a realignment of market
expectations.



IMF WORKING PAPERS Deciphering Delphic Guidance: The Bank of England and Brexit

LDA is an unsupervised topic modelling algorithm able to the identify hidden topics structure characterising a
corpus of documents. In this study, we consider the set of Bank of England meeting minutes from January 1999
to August 2018 to be our corpus of documents, C = d,,d,,ds, ...,d., characterised by a vocabulary of unique
words (tokens), V = w;, w,, ws, ...wy,. The main intuition of the functioning of LDA is that this algorithm works as
a generative probabilistic process for documents which are defined by a mixture of topics, and where the latter
are probabilities over the words (Blei et al., 2003). More technically, the LDA's generative process is defined by
the following hierarchical structure:

1.) AV-dimensional Dirichlet distribution, 5, over the dictionary V, with hyperparameter «, is drawn for each
topic.

2.) A K-dimensional Dirichlet distribution over the set of topics K, 8,4, with hyperparameter 728, is drawn for
each document.

3.) A multinomial distribution governed by 8, is drawn for each word w in order to draw its assignment into
topics, zg .-

4.) Depending onz,,, and the topics structure defined in step 1), each w is drawn by following a multinomial
distribution governed by B, .

We recall that the generative probabilistic process deals with both observed and unobserved (latent) variables:
words defining the documents falls in the first category; oppositely, the topics, Bk, their distributions, 6,, and
words assignments z,,, are hidden components falling in the second category. Given that, the joint probability
distribution defined by this process is as follows:

PB.0,2w) =) p(B) Y p®) > p 1WA

The final step concerns the definition of a posterior distribution representing the latent topic structure. Based on
a Bayesian formulation, the conditional distribution of latent variables given the observed text data is

p(B.0,z 1 w)
, 9,Z lw)=——7—"—
p(p )=

where the denominator (e.g. the probability of observing the content of our documents under any topic structure)
is intractable. In this situation, following the existing literature, we adopt a Gibbs sampling algorithm proposed by

Griffiths and Steyvers (2004) for approximating the posterior distribution.

28 We rely on Griffiths and Steyvers (2004) for the selection of both hyperparameters by setting set « = 50/K and n = 0.1.
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Table 5: List of hawkish and dovish terms

Deciphering Delphic Guidance: The Bank of England and Brexit

Dovish (D) Hawkish (H)
accommod fell turndown acceler increas tighten
assetpurchas loos weak ageress lift tighter
contract loosen weaken aris moveup  unsustain
contractionarilower weaker arisen moveupward upturn
cool movedown augment  overheat
cut putdownward boom pickup
dampen recess bubbl pressur
decay reduc caution  putupward
declin reduct cautious rais
depress slack climb rise
deterior slower destabilis risen
drop sluggish expand rose
eas soft gain strengthen
expansionari soften goup strong
fall softer hawkin stronger
fallen trim hike tight

Notes: The tokens inserted in this table are stemmed items. Some of them are preprocessed

in order to capture a string of more words.

Table 6: Personal stopwords list

Stopwords

bank of england
bank

basis

billion

central
chancellor
committee
meeting
minutes
momentary policy committee
points
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Table 7: Top 5 most likely terms defining each topic
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In our analysis, we construct text-based measures of Brexit-related uncertainty and general uncertainty:
correlation between the two is 0.65 in the post-Brexit sample. These measures which are broadly comparable
with other, well-known uncertainty measures, such as the Economic Policy Uncertainty (EPU) Index developed
by Baker et al. (2016). When considering our index of Brexit-specific uncertainty, correlation with EPU is 0.4
whether we consider the post-Brexit sample or not. Across the entire sample, the correlation between our general
uncertainty measure plus our Brexit-related uncertainty measure and the EPU is higher, at 0.56.

Figure 14: Comparing text-based measures of uncertainty with Economic Policy Uncertainty (EPU) Index
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