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Abstract

This paper studies whether tax reforms intended to reduce tax liabilities remain ex-
pansionary when monetary policy is constrained by the zero lower bound. New Key-
nesian theory predicts that some distortionary tax cuts can become contractionary at
the ZLB because lower expected inflation raises the real interest rate when the nominal
interest rate cannot fall further. The analysis starts from the UK narrative tax reform
series from Cloyne et al. (2025) and compares regular level local projections, cumula-
tive change local projections, two corrected local-projection specifications, and fixed
regressor residual moving block bootstrap inference. The main cumulative change
results do not support the contractionary ZLB prediction.
The estimated ZLB response is positive at the selected horizons and remains positive
after the corrected LPs are applied. The level LP gives a less stable response, and
the bootstrap intervals make the longer horizon evidence more cautious. The results
therefore suggest that the sign of the ZLB response is robust: tax reforms do not
appear to become contractionary when monetary policy is constrained. However, the
statistical strength of this result is less robust, since it depends on the specification of
the local projection and on whether inference is pointwise or simultaneous. The ZLB
response is also not shown to be statistically larger than the non-ZLB response.

Keywords: narrative tax reforms, zero lower bound, local projections, corrected local
projections, bootstrap inference, fiscal policy

1



Contents

1 Introduction 4

2 Literature Review 6
2.1 Tax Policy at the Zero Lower Bound . . . . . . . . . . . . . . . . . . . . . . 6
2.2 Narrative Fiscal Reforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3 Local Projections (LPs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.4 Corrected Local Projections and Inference . . . . . . . . . . . . . . . . . . . 9

3 Methodology 12
3.1 Methodology Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.2 Notation and Variable Interpretation . . . . . . . . . . . . . . . . . . . . . . 13

3.2.1 GDP Variable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2.2 Tax Reform Variable . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2.3 Timing and Coefficient Interpretation . . . . . . . . . . . . . . . . . 14
3.2.4 Control Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.3 Identification and OLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.4 Baseline Local Projections . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.5 State Dependent ZLB Local Projections . . . . . . . . . . . . . . . . . . . . 20
3.6 Persistence, Lag Length, and Lag-Augmented Inference . . . . . . . . . . . 21
3.7 Corrected Local Projections . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.7.1 Corrected-Left-Hand-Side LP . . . . . . . . . . . . . . . . . . . . . . 24
3.7.2 Future-Residual Control LP . . . . . . . . . . . . . . . . . . . . . . . 26

3.8 Sample Timing and Calendar Aware Estimation . . . . . . . . . . . . . . . . 27
3.9 Statistical Inference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.9.1 Newey-West Bandwidth . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.9.2 Pointwise Confidence Intervals . . . . . . . . . . . . . . . . . . . . . 30
3.9.3 Residual Moving Block Bootstrap . . . . . . . . . . . . . . . . . . . 30

3.10 Robustness Checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
3.11 Summary of Estimated Objects . . . . . . . . . . . . . . . . . . . . . . . . . 33

4 Data 35
4.1 Sample and Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.2 Narrative Fiscal Reforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
4.3 ZLB Regimes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.4 Descriptive Features Relevant for the LPs . . . . . . . . . . . . . . . . . . . 38

5 Results 40
5.1 Identification and Correction Diagnostics . . . . . . . . . . . . . . . . . . . 40
5.2 Cumulative Change Responses . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.3 Comparison With the Level LP . . . . . . . . . . . . . . . . . . . . . . . . . 43

2



5.4 Regime Differences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5.5 Fixed Regressor Residual Moving Block Bootstrap . . . . . . . . . . . . . . 45
5.6 Robustness Checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
5.7 Main Result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

6 Relation to Cloyne et al.’s Robustness Checks 49

7 Conclusion 50

A Additional Tables and Figures 52
A.1 Smoothed Response for Comparison with the Original Paper . . . . . . . . 52
A.2 Autocorrelation of LP Variables . . . . . . . . . . . . . . . . . . . . . . . . . 53
A.3 Robustness Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

A.3.1 Lag Choice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
A.3.2 ZLB Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
A.3.3 Leave-One-Reform-Out . . . . . . . . . . . . . . . . . . . . . . . . . 56

A.4 Spending-Control Interaction Diagnostic . . . . . . . . . . . . . . . . . . . . 57
A.5 Bootstrap Block Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
A.6 Complete HAC and Bootstrap Interval Tables . . . . . . . . . . . . . . . . . 59
A.7 Simultaneous Bootstrap Bands . . . . . . . . . . . . . . . . . . . . . . . . . 62

3



1 Introduction

Tax cuts are usually expected to stimulate output by increasing disposable income, private
demand, or incentives to work and invest (Romer and Romer, 2010; Mertens and Ravn,
2013). At the zero lower bound (ZLB), this usual intuition can change. The New Keynesian
ZLB literature shows that fiscal policy can work differently when nominal interest rates
cannot adjust downward. Eggertsson (2011) shows that in this setting some distortionary
tax cuts can become contractionary.
The main empirical starting point for this paper is Cloyne et al. (2025). They study this
prediction using a long run UK dataset of narrative-identified tax reforms and find that
tax cuts remain expansionary at the ZLB. This paper uses their finding as the starting
point and asks whether the positive ZLB response remains supported when the empirical
specification and inference method are changed.
The main research question is therefore whether, in the United Kingdom setting, tax
reforms intended to reduce tax liabilities continue to increase output when monetary policy
is constrained.
The United Kingdom is a well-suited setting because the sample contains several episodes
in which interest rates were close to the lower bound, such as the interwar period and the
period after the 2008 financial crisis, while also containing many normal monetary-policy
periods (Cloyne et al., 2025).

This paper makes both a methodological and an empirical contribution. The method-
ological contribution is that corrected-LP ideas are adapted to the narrative tax reform
setting. The first correction is a Lusompa-style corrected-left-hand-side specification re-
lated to Lusompa (2023), while the second is a future-residual control specification related
to Breitung and Brüggemann (2023). Both versions use scalar horizon zero GDP residuals
rather than the full system of innovations used in the original estimators. They are there-
fore adaptations of these corrected-LP ideas, rather than exact replications of the original
procedures. The bootstrap inference is also adapted to this setting by using a fixed regres-
sor residual moving block bootstrap with calendar aware blocking, so that residual blocks
and HAC covariance pairs do not cross the excluded World War II period.
The empirical contribution is to show where the expansionary ZLB result of Cloyne et
al. (2025) is robust and where it becomes more fragile. The cumulative change ZLB
response remains positive across the main specifications and robustness checks. However,
the strength of the evidence depends on two choices that the single specification in Cloyne
et al. (2025) could not separate. The first is the dependent variable transformation, since
the cumulative change LP gives a more stable positive response than the level LP in the
ZLB regime. The second is the inference method, since the pointwise intervals support
positive responses at selected horizons while the simultaneous bands make the evidence
more cautious. The contribution is therefore not only to check whether the original result
can be reproduced, but to show the conditions under which it remains supported.
The main results suggest that the sign of the ZLB response is robust, while its statistical
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strength is less robust. The cumulative change ZLB response remains positive, even after
applying the corrected LPs. The results therefore do not support the New Keynesian
prediction that tax reforms become contractionary at the ZLB. At the same time, the
evidence is more cautious in the level LP and under bootstrap inference, and the ZLB
response is not statistically larger than the non-ZLB response.
The remainder is structured as follows. Section 2 discusses the relevant literature on
tax policy at the ZLB, fiscal reform identification, local projections, and corrected LP
inference. Section 3 sets out the regular LP, the cumulative change LP, the corrected
LPs, and the bootstrap logic. Section 4 describes the data and the way in which the
ZLB regimes are constructed. Section 5 presents the empirical results. Section 6 relates
the robustness checks in this paper to those in Cloyne et al. (2025). Finally, Section 7
concludes.
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2 Literature Review

The literature is discussed in four connected parts. The first part discusses why tax policy
may work differently when interest rates are close to the lower bound. The second part
discusses narrative fiscal reforms and why the motivation behind a tax change matters for
identification. The third part discusses local projections and their relation to VARs. The
fourth part discusses corrected local projections and inference.

2.1 Tax Policy at the Zero Lower Bound

The ZLB changes the usual interaction between fiscal and monetary policy. In normal
times monetary policy can respond to changes in demand by adjusting nominal interest
rates. When rates are already close to the effective lower bound, this response is limited
because nominal rates cannot be lowered much further. Fiscal policy may therefore work
differently from normal times (Eggertsson and Woodford, 2003).
Tax cuts are usually expected to increase output because they can raise disposable income,
reduce tax distortions, or improve incentives to work and invest. Empirical work using
narrative tax changes generally supports this expansionary view. Romer and Romer (2010)
find large positive output effects of exogenous tax cuts, while Mertens and Ravn (2013)
also find expansionary effects from personal and corporate income tax cuts.
Eggertsson (2011) provides a New Keynesian theoretical framework in which distortionary
tax cuts can become contractionary when the nominal interest rate is constrained by the
ZLB. This goes against the intuition that lower taxes should stimulate the economy, but
the reasoning becomes clear once the role of expected inflation is considered.
If a tax cut lowers marginal costs, firms can produce at lower cost. This can put down-
ward pressure on prices, meaning that current and expected inflation may fall. In normal
times the central bank could respond by lowering the nominal interest rate. At the ZLB
this response is limited however, so the lower expected inflation raises the real interest
rate through the Fisher relation in equation (1). This higher real interest rate can reduce
demand and output, since saving becomes relatively more attractive than spending and
borrowing becomes more costly in real terms. Hence a policy that would normally be
expected to stimulate output can become contractionary when monetary policy is con-
strained (Eggertsson, 2011).
The mechanism can be summarised using the standard approximate Fisher relation for
real interest rates:

rt ≈ it − Etπt+1, (1)

where rt is the real interest rate, it is the nominal interest rate, and Etπt+1 is expected
inflation. Away from the ZLB, the nominal interest rate can fall when expected inflation
falls. At the ZLB, this adjustment is limited. Therefore a fall in expected inflation can
increase the real interest rate, which can reduce demand and output (Eggertsson, 2011).
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This mechanism can be summarised schematically as follows. This is not a separate model,
but a visual summary of the mechanism described in Eggertsson (2011).

Distortionary tax cut

Lower marginal costs

Lower expected inflation

Higher real interest rate
when nominal rate is stuck

Lower demand and output

Figure 1: Schematic summary through which a tax cut can become contractionary at the
ZLB, based on Eggertsson (2011).

Related theoretical work also shows that tax policy can have a special role at the zero
bound. Correia et al. (2013) study how tax instruments can change incentives and relative
prices when conventional monetary policy is constrained. This is not the same question as
whether tax cuts are empirically contractionary, but it shows why tax policy at the ZLB
is theoretically important.
The main empirical reference is Cloyne et al. (2025). They test the ZLB tax-cut prediction
using a long run UK dataset of narrative-identified tax changes from 1918 to 2020. They
find that tax cuts are expansionary both at and away from the ZLB, challenging the
New Keynesian prediction that distortionary tax cuts should become contractionary when
monetary policy is constrained.
This also relates to the broader question of whether fiscal policy has the same effect in
every state of the economy. In simple terms, a fiscal multiplier describes how much output
changes after a fiscal policy change. The relevant question is therefore not only whether
fiscal policy affects output, but whether this effect differs between normal times, recessions,
periods with unused economic capacity, or periods where monetary policy is constrained.
Ramey and Zubairy (2018) study this question for government spending and ask whether
the output effect is larger in weak economic states or at the ZLB.
Jordà and Taylor (2016) study fiscal consolidations, meaning periods where governments
try to reduce deficits through spending cuts or tax increases. They find that these consol-
idations can reduce output, especially when economic conditions are already weak.
These papers do not study exactly the same policy as Cloyne et al. (2025), since their focus
is not specifically on tax cuts at the ZLB. However, they are still relevant because they show
that fiscal policy effects should not automatically be treated as constant across all periods.
The effect may depend on the economic regime in which the policy is implemented. For
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the current analysis, the relevant regime split is ZLB versus non-ZLB periods.

2.2 Narrative Fiscal Reforms

The problem with tax policy changes is that they are often endogenous, meaning that
they are partly determined by the state of the economy itself. Governments may change
taxes because the economy is already weakening, because inflation is high, because debt is
rising, or because they want to stimulate demand. This means that observed tax changes
can partly be a response to the state of the economy, rather than only causing changes in
the economy.
Using tax changes without separating their motivation can therefore be misleading. For
example, if the government introduces a tax cut because the economy is already weakening,
the movement in GDP that follows may partly reflect the weakening economy that caused
the tax cut, rather than the effect of the tax cut itself. In that case, the tax change is
partly a reflection of the economic state in which it was made. The estimated relationship
between tax changes and GDP may then reflect reverse causality, rather than the causal
effect of fiscal policy (Romer and Romer, 2010; Cloyne, 2013).
To deal with this possible endogeneity problem, a narrative approach is used. This means
that historical policy records are used to classify tax changes by their motivation. The goal
is to separate tax changes made in response to current or expected economic conditions
from tax changes motivated by longer run objectives. The identification strategy used
by Cloyne et al. (2025) follows the narrative tax shock literature outlined by Romer and
Romer (2010).
This does not mean that the reform series is perfect. Narrative classification requires
judgement and historical policy documents can be interpreted in more than one way.
However, the approach directly addresses the main endogeneity problem by focusing on
the stated motivation behind the reform. This is why the narrative classification is central
for interpreting the estimated tax reform responses as causal responses rather than simple
correlations.

2.3 Local Projections (LPs)

The next step after identifying the tax reforms is to estimate the dynamic response of
GDP. In other words, the question shifts to “how GDP changes in the quarters after a
tax reform occurs”. These responses are estimated using local projections (LPs), first
introduced by Jordà (2005). Local projections estimate impulse responses directly by
running a separate regression for each response horizon. The GDP response is thus built
up horizon by horizon rather than estimated as one single coefficient.
This is useful because the effect of a tax reform does not have to be constant over time. A
tax reform may have a different effect in the quarter in which it is introduced than several
quarters later. The horizon specific tax reform coefficients can thus be placed after each
other to form the impulse response and show how the estimated GDP response develops
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over time.
The main alternative would be to estimate a full dynamic system, such as a vector au-
toregression (VAR) model, and then derive the impulse responses from that system. This
requires specifying how the variables move together over time. LPs avoid part of this
problem by estimating the response for each horizon separately. For example, if the true
dynamics differ across regimes, a single system that does not account for this may impose
too much structure on the response. This misspecification can then introduce bias into the
estimated impulse response. This makes LPs easier to adapt when the response is allowed
to differ between states, such as between ZLB and non-ZLB periods. This state dependent
LP structure is common in applied fiscal work, for example in Ramey and Zubairy (2018),
who allow fiscal responses to differ between economic states.
The flexibility of LPs can reduce bias when the full dynamic system would otherwise
be misspecified. The downside is that this flexibility can make the estimates noisier,
especially at longer horizons and in the smaller samples, such as that of the ZLB. Recent
work therefore describes the choice between local projections and VARs mainly as a finite
sample bias-variance trade-off rather than as a difference in the population object being
estimated (Plagborg-Møller and Wolf, 2021; Li et al., 2024).

Table 1: Local Projections Compared with VARs
Local projections VAR

IRF construction Separate regression for each horizon Derived from full dynamic system
Flexibility Easy to allow state dependence More structure imposed by system

Main advantage Less need to specify full system More efficient if system is correct
Main downside Can be noisy at longer horizons Can be biased if system is misspecified

For this paper, the LP versus VAR comparison helps explain why LPs are a useful starting
point. They make it easier to estimate responses separately by horizon and by regime. At
the same time, recent methodological work stresses that LPs still require choices about
the lag length, dependent variable, regime definition, and standard errors (Jordà and
Taylor, 2024; Montiel Olea et al., 2025). These choices can affect the estimated response,
especially in finite samples. This is why the empirical analysis later compares several LP
specifications and inference methods, rather than relying on one single response path.

2.4 Corrected Local Projections and Inference

The main reason for using local projections is that they estimate the response horizon
by horizon. However, it is this horizon-by-horizon structure that also creates a practical
problem. Since a separate regression is estimated for every horizon, the estimates can
become noisy at longer horizons, especially in small samples, such as the ZLB sample.
A related issue is that longer horizon LP residuals can be serially correlated. An unex-
plained movement shortly after the reform can still be part of GDP several quarters later.
This means that the horizon-h regression error may contain unexplained GDP movements
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from the quarters between the reform at time t and the GDP outcome at time t + h. The
LP estimate is not necessarily incorrect because of this, but it can become less precise
and the confidence intervals can become less stable. Lusompa (2023) shows this more
formally by deriving a moving average structure for LP residuals. This motivates using
intermediate residuals when estimating longer horizon responses.
In the methodology, this idea is implemented in two ways. The first version is closest to the
correction logic in Lusompa (2023), since it subtracts a constructed residual-propagation
term from the left hand side. The second version is related to the residual-augmentation
logic of Breitung and Brüggemann (2023), since the intermediate residuals are included
directly as additional regressors. Both are corrected-LP specifications, but neither is
presented as an exact replication of the full estimator in the original papers. This is
because the implementation used here adapts the correction logic to the tax reform LP
setting. It uses scalar GDP residuals from the horizon zero projection rather than the full
system of innovations used in the original estimators.
Inference is a separate issue because the point estimate itself is not enough. The LP
may estimate a positive GDP response, but this estimate is based on a finite sample and
therefore comes with uncertainty. The confidence interval shows the range of responses
that are still plausible given this uncertainty. If this interval includes zero, the estimated
positive response is statistically speaking less convincing. This is relevant here since the
ZLB sample is relatively small and the macroeconomic variables are highly persistent,
meaning that the estimated responses may be imprecise.
HAC/Newey-West standard errors are used because the regression errors may be het-
eroskedastic and serially correlated (Newey and West, 1987). Heteroskedasticity means
that the size of the errors can change over time. Serial correlation means that an error
in one quarter may be related to errors in nearby quarters, something which is common
in time-series data. The standard errors therefore need to account for this dependence
rather than treating all observations as fully independent.
Residual based block bootstrap inference is also considered as an additional way to con-
struct confidence intervals. The idea of the bootstrap is to create many artificial samples
that resemble the original sample. The LP is then re-estimated on each artificial sam-
ple, resulting in a distribution of estimated impulse responses which show how much the
estimated response can vary across samples.
Because the data are time-series data, the artificial samples should not be created by re-
sampling individual residuals one by one. Residuals from nearby quarters may be related,
so individual resampling would break part of this time-series dependence. Instead, resid-
uals are resampled in blocks of consecutive quarters. This keeps part of the dependence
between nearby residuals in the artificial bootstrap samples (Gonçalves and Kilian, 2004;
Brüggemann et al., 2016).

The literature therefore points to three concerns that are important for the empirical
analysis. First, the tax reforms need to be plausibly external to short run economic
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conditions. Otherwise the estimated response can partly reflect reverse causality rather
than the effect of the reform itself. Second, the response may differ between ZLB and non-
ZLB periods, meaning that an average response can hide important differences between
regimes. Third, LP estimates and confidence intervals may be sensitive to persistence,
finite sample behaviour, and the way inference is constructed. These concerns motivate
the comparison between level LPs, cumulative change LPs, corrected LPs, and bootstrap
confidence intervals.
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3 Methodology

3.1 Methodology Overview

The methodology starts from the narrative tax reform series constructed by Cloyne et al.
(2025) and focuses on how the GDP response is estimated from that series.
The baseline control structure also follows Cloyne et al. (2025). The extensions in this
paper therefore do not change the core tax reform series or the main control set. Instead,
they change the LP transformation, the corrected-LP construction, and the inference
method.
After identifying the narrative tax reforms, the next step is to estimate how GDP responds
to these reforms over time. This is needed because the response does not have to be the
same in every quarter after the reform. One coefficient is therefore not enough to describe
the full dynamic response of GDP to a tax reform.
Local projections (LPs), first introduced by Jordà (2005), are used to estimate these re-
sponses. Local projections estimate the response directly by running a separate regression
for every horizon, meaning that only the GDP observation used as the dependent variable
moves further into the future, while the tax reform remains dated at time t. The regression
at h = 0 therefore relates GDP during the reform quarter to the reform at time t, while
the regression at h = 4 relates GDP one year later to that same reform.
In its simplest form, the LP can be written as:

yt+h = αh + βhxt + controlst + ut+h. (2)

This equation is only meant to show the basic timing. The tax reform remains dated
at time t, while the GDP outcome moves forward with the horizon h. The coefficient
βh is estimated separately for each horizon, and the sequence of these coefficients forms
the impulse response. The exact dependent variable and controls differ across the level,
cumulative change, and corrected specifications described below.
The response is first estimated using a regular level LP, where the left hand side is future
real GDP. Then a cumulative change LP is estimated, where the left hand side measures
the change in GDP between the quarter before the reform and the chosen response hori-
zon. This cumulative change specification is also used by Cloyne et al. (2025). Recent
econometric work has also shown that level and cumulative change LPs can behave differ-
ently when the sample is limited and the variables are highly persistent. Therefore both
versions are compared.
The two regular LPs are then followed by two corrected versions, which are estimated for
both the level and cumulative change outcomes. The first estimates a correction term
and subtracts this term from the left hand side before estimating the tax reform response.
The second includes the same intermediate residual information directly as additional
regressors. These corrections are included because an unexplained economic movement
shortly after the reform can continue to form part of the regression error at later horizons.
The corrected LPs do not change the underlying LP setup. They keep the same reform
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timing and control structure, but add a correction for intermediate horizon zero GDP
residuals that may otherwise remain in later-horizon regression errors. The corrected-LP
construction and its relation to Lusompa (2023) and Breitung and Brüggemann (2023)
are described in Section 3.7.
Lastly, the response is allowed to differ between ZLB and non-ZLB periods. The two
responses are estimated inside one joint regression, which makes it possible to calculate
their covariance and to test whether the two responses are statistically different. The point
estimates are obtained using Ordinary Least Squares (OLS). HAC/Newey-West standard
errors and a fixed regressor residual moving block bootstrap are then used to describe the
uncertainty around these estimates.

3.2 Notation and Variable Interpretation

3.2.1 GDP Variable

Real GDP is first transformed by taking its logarithm and is then multiplied by 100. The
response variable is therefore defined as:

yt = 100 ln(RealGDPt). (3)

Using the logarithm makes changes in yt interpretable as approximate percentage changes
in real GDP. Multiplying the logarithm by 100 then places these changes directly into
percentage units, meaning that an increase of one unit in yt corresponds approximately
to a one percent increase in real GDP.

3.2.2 Tax Reform Variable

The main explanatory variable is denoted by xt and represents the narrative tax reform
variable used in the empirical analysis. Positive values of xt represent tax cuts, while
negative values represent tax increases. This sign is the reverse of the original tax-change
series, where a tax increase is positive. The sign is reversed so that the estimated response
can be interpreted as the response to a tax cut.
Although this series is commonly referred to as a narrative tax shock in the literature, the
underlying historical policy actions are tax reforms. The value of xt does not measure an
unexpected movement in GDP, tax revenue, or another macroeconomic variable. Instead,
it measures the intended revenue size of the identified tax reform. In this setting, the
word shock refers to the identification assumption that the reform is treated as plausibly
unrelated to current or expected short run economic conditions.
To keep this distinction clear, xt is referred to as the narrative tax reform variable through-
out the empirical analysis. The term “narrative tax shock” is only used when referring to
the terminology and identification approach used in the existing literature.
The variable xt is dated at the quarter to which the identified tax change is assigned
in the narrative dataset. Individual tax measures are assigned to the quarter in which
they are implemented, while measures implemented during the second half of a quarter
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are assigned to the following quarter. One tax reform can contain several individual
tax measures. When multiple measures are assigned to the same quarter, their intended
revenue effects are combined into one net quarterly tax reform value.
Let Mt denote the set of narrative tax measures assigned to quarter t. For each measure
m, let ∆T int

m,t denote the intended revenue effect of that measure. This value is positive
when the measure is intended to increase tax liabilities and negative when it is intended
to reduce tax liabilities. The net intended tax change in quarter t, denoted by ∆T int

t , is
then:

∆T int
t =

∑
m∈Mt

∆T int
m,t. (4)

This net intended tax change is divided by nominal GDP in the previous quarter, NGDPt−1,
and multiplied by 100 (Cloyne et al., 2025). This gives the intended tax change as a per-
centage of GDP:

τt = 100 ∆T int
t

NGDPt−1
. (5)

Here τt is positive for intended tax increases and negative for intended tax cuts. The sign
is then reversed because the analysis is written in terms of tax cuts:

xt = −τt. (6)

A value of xt = 1 means that the tax measures assigned to quarter t were together intended
to reduce total tax liabilities by an amount equal to one percent of GDP at that time.
This does not mean that one particular tax rate, such as the income-tax rate, fell by one
percentage point, nor does it mean that GDP was intended to increase by one percent or
that GDP actually increased by one percent. The value of xt only describes the intended
revenue size of the reform relative to the economy at the time of implementation. The
eventual response of GDP is not contained in xt and is the outcome which the LP is
intended to estimate.

3.2.3 Timing and Coefficient Interpretation

The quarter to which the tax reform is assigned is denoted by t, with h describing how
many quarters after the reform the GDP response is measured. The reform remains dated
at time t in every horizon specific LP, while the horizon h only changes the quarter in
which GDP is measured. Since the data are quarterly, increasing h by one moves the
GDP outcome forward by one quarter. Thus h = 0 measures the response during the
same quarter as the reform, h = 1 measures the response one quarter later, and this
continues until h = 12, where the response is measured three years after the reform.
The coefficient estimated for the tax reform variable at horizon h is denoted by βh. The
subscript h is used because a separate tax reform coefficient is estimated for every horizon.
So β0 measures the estimated GDP response during the reform quarter, β1 measures the
response one quarter later, continuing until β12 measures the response three years after
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the reform. Combining these thirteen coefficients from h = 0 to h = 12 gives the estimated
impulse response.
The estimated coefficient is denoted by β̂h. Since the dependent variable is 100 times
log real GDP, and xt is measured as a percentage of GDP, βh measures the approximate
percentage response of real GDP at horizon h to a reform intended to reduce tax liabilities
by one percent of GDP. The fitted contribution of a reform with observed size xt can be
written as:

̂Responset,h = β̂hxt. (7)

For a reform with xt = 1, the estimated response is equal to β̂h. This is also the coefficient
plotted in the impulse response graphs, meaning that no additional rescaling of the coeffi-
cient is performed. For example, if β̂h = 2, a tax reform intended to reduce tax liabilities
by one percent of GDP is associated with an approximate two percent increase in real
GDP at horizon h. The LP imposes a linear structure, so the fitted response changes in
proportion to the size of the reform. Therefore a reform of half the size would also scale
the fitted response down by half. So a reform with xt = 0.5 would imply an approximate
one percent increase in real GDP.
The coefficient βh is described as a semi-elasticity of GDP with respect to the tax reform.
A conventional elasticity measures the percentage change in one variable resulting from a
one percent change in another variable. This is not the interpretation here because xt is
not the logarithm or percentage change of tax liabilities. It instead measures the intended
change in tax liabilities as a percentage of GDP. The semi-elasticity can therefore be
written as:

βh = approximate percentage response of real GDP at horizon h

intended tax reduction measured as a percentage of GDP . (8)

This interpretation depends on the identifying assumption that the narrative tax reform
variable is unrelated to current or expected short run economic conditions after accounting
for the included controls. If reforms are still introduced in response to economic conditions
which are not captured by these controls, β̂h may partly reflect these conditions rather
than only the GDP response caused by the reform.

3.2.4 Control Variables

The narrative government spending reform is denoted by st and is also measured relative
to GDP. The coefficient on this variable is not interpreted as part of the main result, but
the variable is included as a control because government spending reforms may also affect
GDP. Without this control, part of the GDP movement related to spending policy could
be incorrectly attributed to the tax reform.
The four macroeconomic variables used as controls are grouped into the vector Zt:
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Zt =


yt

qt

gt

it

 , (9)

where yt is 100 ln(RealGDPt), qt is 100 ln(RealTaxRevenuet), gt is 100 ln(RealGovernmentExpendituret),
and it is the Bank Rate. The vector Zt is an abbreviated way of displaying these variables
in formulas; each variable still enters the estimated regression separately.
Lagged values of these controls are included to account for the economic conditions which
are present before the tax reform happens. Previous GDP, tax revenue, government expen-
diture, and the Bank Rate may all be related to the later development of GDP. Including
them therefore helps separate the estimated tax reform response from the predictable
movement of GDP based on existing economic conditions. If these previous conditions are
related to both the tax reform and future GDP, leaving this information out could cause
part of the effect of existing conditions to be incorrectly attributed to the tax reform.
Since the macroeconomic controls enter with a lag, they are measured before the quarter
to which the tax reform is assigned. They therefore do not normally remove part of the
subsequent GDP response in the way that a control measured after the reform could. One
caveat is that some reforms are announced before they are implemented. In such cases,
lagged macroeconomic variables may already contain responses to the expected reform,
even though they are measured before its implementation date (Cloyne et al., 2025).
Adding more lags can only weakly improve the in-sample fit of the regression, since OLS
can assign a coefficient of zero to a lag which adds no explanatory information. But this
does not necessarily make the estimated tax reform response more reliable. Additional
lags use up degrees of freedom and can increase the variance and standard errors of the
estimated coefficients, especially when they add little information or are highly correlated
with the other regressors. The chosen lag order therefore needs to include enough previous
economic information without making the regression unnecessarily large.
The same four macroeconomic controls are used in both level and cumulative change LP
specifications, but the form in which they enter differs. The level LP includes the previ-
ous levels of these variables, denoted by Zt−j , where j indicates how many quarters the
control is lagged. For example, Zt−1 contains real GDP, real tax revenue, real government
expenditure, and the Bank Rate one quarter before the reform.
The cumulative change LP instead includes the lagged first differences of these variables,
denoted by ∆Zt−j . A first difference measures how a variable changes between two con-
secutive quarters and is defined as:

∆Zt−j = Zt−j − Zt−j−1. (10)

For example, ∆Zt−1 measures the change between quarters t − 2 and t − 1, meaning
that this change is fully observed before the reform at time t. For real GDP, real tax
revenue, and real government expenditure, which are measured as 100 times their natural
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logarithm, the first differences can be interpreted as approximate quarterly percentage
changes. For the Bank Rate, the first difference measures its change in percentage points.
The level LP therefore controls for the previous values of the macroeconomic variables,
while the cumulative change LP controls for their previous quarterly movements. The
controls themselves remain the same and between the two specifications it is only the
transformation that changes.

3.3 Identification and OLS

Estimating the effect of a tax reform becomes difficult when the decision to change taxes
is itself influenced by the economy. For example, a government may decide to lower taxes
because output is already weakening. The movement in GDP observed after this reform
may then partly reflect the economic weakness which caused the government to intervene,
rather than only the effect of the tax reform itself. This creates reverse causality, since the
economy affects the tax reform while the tax reform is simultaneously intended to affect
the economy.
The narrative identification procedure is used to reduce this problem. Historical policy
documents are examined to determine why each tax change was introduced. Tax reforms
which were directly motivated by current or expected short run economic conditions are
classified as endogenous and are excluded from the identified reform series. The remaining
reforms are motivated by objectives which are less directly connected to short run economic
developments, making them more plausibly external to the macroeconomic conditions
surrounding their implementation (Cloyne et al., 2025).

Table 2: Narrative Classification of Tax Changes
Type of tax change Motivation Use in identification

Endogenous tax change Response to current or expected conditions Less suitable for causal interpretation
Narrative tax reform Longer run policy motivation Closer to external policy reform

Table 2 summarises the distinction used by the narrative identification strategy. The LP
regressions use the narrative tax reforms, since these are the tax changes treated as more
plausibly external to current and expected short run economic conditions. This avoids
treating tax changes caused by the economy in the same way as reforms that are less
directly tied to those conditions.
This classification leads to the main identifying assumption used in the LP regressions.
After accounting for the included controls, the narrative tax reform variable should not
be systematically related to the other unobserved disturbances affecting future GDP. This
assumption can be written as:

Cov (xt, ut+h | Ct) = 0, (11)

where xt is the narrative tax reform variable, ut+h contains the remaining unexplained
factors affecting GDP at horizon h, and Ct represents the information included as controls.
These controls contain the spending reform, previous tax reforms, previous macroeconomic
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conditions, and the ZLB regime interactions used in the state dependent regressions.
The condition in Equation (11) means that, after accounting for this information, larger
or smaller narrative tax reforms should not systematically occur together with positive or
negative values of the remaining GDP disturbance. If this condition holds, the tax reform
coefficient can be estimated using OLS and interpreted as the response associated with
variation in the identified reform series.
No separate instrumental-variable step is used because xt enters the LP directly as the
observed policy-reform variable which is treated as exogenous. This is different from an
LP-IV specification, where the narrative series would only be used as an instrument for
another tax-policy variable which is itself treated as endogenous. Such an approach would
be required if the aim were to isolate exogenous variation in another observed measure of
tax policy rather than estimating the response to xt directly.
The narrative classification provides the economic argument behind the identifying as-
sumption, but it cannot prove that the selected reforms are completely exogenous. A
Granger-style predictability test is therefore included as a diagnostic, following Cloyne et
al. (2025). This test examines whether lagged macroeconomic changes and lagged spend-
ing reforms jointly help to predict the current narrative tax reform after controlling for
earlier tax reforms.
Failing to reject the null hypothesis means that the test does not provide evidence that
the included economic history predicts the narrative tax reform variable. This result is
consistent with the identifying assumption, but it does not prove that the assumption
is correct. The test only considers the variables and lag structure which are included
and cannot rule out every unobserved economic condition, anticipated policy response, or
judgement made during the narrative classification.

3.4 Baseline Local Projections

The analysis starts with a regular level LP with the future level of real GDP placed on the
left hand side, providing the simplest baseline estimate of how GDP at horizon h is related
to the tax reform at time t. This baseline version is useful since it shows the estimated
response before any cumulative change transformation or correction is applied.
The regular level LP is estimated separately for every horizon:

yt+h = αh + βhxt + δhst +
p∑

j=1
θh,jxt−j +

p∑
j=1

Γh,jZt−j + ut+h. (12)

The intercept αh is allowed to differ across horizons. The coefficient βh is the tax reform
response of interest. The coefficient δh captures the relation between the current spend-
ing reform and future GDP. The lagged tax coefficients θh,j control for tax reforms that
occurred j quarters earlier. The row vector Γh,j contains the coefficients on the jth lag of
GDP, tax revenue, government expenditure, and the Bank Rate. Lastly, ut+h contains the
part of future GDP which is not explained by the tax reform or by the included controls.
The level LP is then compared to a cumulative change, or long-difference, LP. In this

18



version the left hand side is the change in GDP between the quarter before the reform
and horizon h, rather than only the future level of GDP. This is the specification used by
Cloyne et al. (2025) and is therefore used for reproducing their original estimates.
The cumulative change outcome is:

∆hyt+h = yt+h − yt−1. (13)

The value yt−1 is observed before the tax reform and is therefore predetermined relative to
xt. At h = 0, the dependent variable is yt − yt−1, so the regression captures GDP growth
during the reform quarter. At h = 4, the left hand side is yt+4 − yt−1, so the regression
captures the cumulative change between the pre-reform quarter and one year after the
reform.
The cumulative change LP is defined as:

yt+h − yt−1 = α∆
h + β∆

h xt + δ∆
h st +

p∑
j=1

θ∆
h,jxt−j +

p∑
j=1

Γ∆
h,j∆Zt−j + u∆

t+h. (14)

The narrative tax and spending reforms are not first-differenced because they are already
constructed as reform variables assigned to a particular quarter. The macroeconomic
controls enter as lagged quarterly changes. This follows the main cumulative change LP
construction used by Cloyne et al. (2025).
Including both the level and cumulative change LP is not only useful for comparing the
estimates with Cloyne et al. (2025); there is also an econometric reason for comparing
them. Real GDP is highly persistent, meaning that its current level is strongly related
to its previous levels and that the effect of an economic movement can remain visible
for many quarters. This persistence becomes especially relevant when estimating longer
horizon responses using a relatively small number of observations, such as in the ZLB
state.
In population, the level and cumulative change LP are intended to estimate the same
impulse response when the narrative tax reform is treated as exogenous. Population in
this context refers to the response which would be estimated if an unlimited amount of
data generated by the economic process was available. Since the cumulative change LP
subtracts GDP from the quarter before the reform, which is predetermined relative to
the reform at time t, subtracting previous-quarter GDP should not change the population
response under the identifying assumption.
In practice however, there are only limited historical samples available and the estimates
from the level and cumulative change LP can therefore differ due to their finite sample
properties. So the estimators can behave differently when they are applied to a limited
number of observations rather than to the theoretical population.
Piger and Stockwell (2025) show that this distinction is important when the response is
identified using an observed external reform and that the cumulative change specification
can reduce finite sample bias and improve confidence interval coverage relative to the
level LP. These improvements become especially relevant when the dependent variable is
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persistent, the response horizon is long, or the available sample is small. This makes the
cumulative change LP worth exploring beyond replicating the specification used by Cloyne
et al. (2025).

3.5 State Dependent ZLB Local Projections

The response to a tax reform is allowed to differ between ZLB and non-ZLB periods,
following the ZLB classification used by Cloyne et al. (2025). A base lower bound indicator,
denoted by Lt, is first constructed from the Bank Rate. Bank Rate equal to 2 is treated
as the lower bound value for the earlier historical lower bound episode, while Bank Rate
at or below 0.5 captures the modern lower bound period. The indicator Lt equals one in
these lower bound observations and zero otherwise.
The observation 1939Q3 is also classified as lower bound because Bank Rate briefly rises
in that quarter, while the surrounding quarters remain at 2. Although 1939Q3 is part
of the excluded WWII period and is not used as a regression observation, it is still used
when constructing the lower bound indicator on the original calendar. The sustained-
ZLB rule uses both the previous quarter and the quarter three periods ahead, making
the classification depend on the lower bound status of nearby quarters on the original
calendar. Treating 1939Q3 as lower bound prevents this one-quarter Bank Rate movement
from breaking the classification of the surrounding lower bound episode. After the ZLB
indicator is constructed, the WWII observations are set to missing and do not enter the
LP regressions.
The sustained lower bound indicator is:

Dt = Lt−1Lt+3. (15)

Therefore, Dt = 1 when the economy is in the lower bound regime during the quarter
before the tax reform and remains at the lower bound through t + 3. There are four
quarters between the two observations used in this classification. This follows the attempt
by Cloyne et al. (2025) to avoid classifying reforms near the end of a lower bound episode
as ZLB reforms when monetary policy becomes unconstrained shortly afterwards.
The replication data also contain supplied variables Regime0, Regime1, ..., Regime12. The
preferred specifications use the manually reconstructed sustained-ZLB indicator. This is
done because it applies the four-quarter lower bound rule directly to the Bank Rate data.
The supplied Regime0 classification behaves like a previous-quarter lower bound indicator
rather than the sustained four-quarter indicator used in the preferred specification. This
difference is documented in Appendix A.3.2. It is therefore not used in the main specifi-
cations, but is included in the ZLB-definition robustness check for the regular level and
cumulative change LPs.
The ZLB and non-ZLB responses are estimated inside one joint regression rather than
through two unrelated regressions. This makes it possible to estimate the covariance
between the ZLB and non-ZLB coefficients and to test their difference directly.
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Let Yt,h denote either the level outcome yt+h or the cumulative change outcome yt+h−yt−1.
The joint state dependent specification is:

Yt,h = αN
h (1 − Dt) + αZ

h Dt

+ βN
h xt(1 − Dt) + βZ

h xtDt + δhst

+
p∑

j=1

[
θN

h,jxt−j(1 − Dt) + θZ
h,jxt−jDt

]

+
p∑

j=1

[
ΓN

h,jWt−j(1 − Dt) + ΓZ
h,jWt−jDt

]
+ ut+h. (16)

The superscript N denotes the non-ZLB regime and Z denotes the ZLB regime. For the
level LP, Wt−j = Zt−j . For the cumulative change LP, Wt−j = ∆Zt−j . The coefficients βN

h

and βZ
h are the non-ZLB and ZLB tax reform responses. The regime intercepts, current

tax reform coefficient, lagged tax reform coefficients, and lagged macroeconomic control
coefficients are allowed to differ between regimes. This follows the state dependent LP
structure used by Cloyne et al. (2025).
The current spending reform enters with one common coefficient δh. Interacting the spend-
ing reform by regime produces columns with little or no identifying variation at several
longer horizons, resulting in highly influential observations and unstable covariance esti-
mates. The common spending coefficient is therefore used in the main specifications, while
the fully interacted version is retained as a robustness check.
The difference between the ZLB and non-ZLB responses is:

dh = βZ
h − βN

h . (17)

Its estimated variance is:

V̂ ar(dh) = V̂ ar(β̂Z
h ) + V̂ ar(β̂N

h ) − 2Ĉov(β̂Z
h , β̂N

h ). (18)

This gives a direct statistical test of whether the two responses are different. This is
needed because visually comparing two separate confidence intervals does not perform the
same test as estimating the difference directly.

3.6 Persistence, Lag Length, and Lag-Augmented Inference

The persistence of GDP does not only matter for the estimated response itself, but also
for the conclusions which can be drawn from this estimate. For example, finding a positive
coefficient does not immediately mean that there is strong evidence of a positive response
since the coefficient may still be estimated with a large amount of uncertainty. It is
therefore also necessary to consider the standard error, confidence interval, and statistical
significance surrounding the estimate. Using these measures to draw conclusions about
the underlying GDP response is referred to as inference.
When GDP is highly persistent, the usual statistical approximations may not work as
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expected. The coefficient can still be estimated, while the standard error and confidence
interval surrounding it may not correctly describe its sampling uncertainty. For example,
a 90 percent confidence interval procedure should produce intervals which contain the true
response in approximately 90 percent of repeated samples. If persistence is not properly
accounted for, the actual coverage can differ from 90 percent, meaning that the reported
statistical evidence can appear either stronger or weaker than it actually is.
Montiel Olea and Plagborg-Møller (2021) show that this problem can be addressed using
lag augmentation. Lag augmentation means including one additional lag beyond the lag
order used to describe the underlying dynamics. This extra lag protects the distribution
of the test statistic against the persistence of the variables, allowing normal critical values
to be used when constructing confidence intervals and significance tests. This helps the
usual statistical tests remain reliable even when GDP is highly persistent.
The purpose of lag augmentation is therefore to make the standard errors, confidence
intervals, and significance tests more reliable. It does not necessarily make the estimated
response itself less biased. This is different from the argument made by Piger and Stockwell
(2025), where the cumulative change specification is shown to reduce finite sample bias
and improve confidence interval coverage. The two arguments should therefore be kept
separate: lag augmentation is mainly used to obtain valid inference under persistence,
while the cumulative change specification is used to improve the finite sample behaviour
of the estimated response.
The main specifications use four lags, following Cloyne et al. (2025). Their reason for
this choice is to control for one full year of quarterly economic history. Using four lags
is therefore first of all a replication choice, allowing the resulting impulse responses to be
compared with their estimates. It should not be interpreted as proving that four is the
uniquely correct lag order.
The choice of four lags and the idea of lag augmentation are related, but they are not
the same decision. The number of lags determines how much of the previous economic
history is included in the regression. Lag augmentation instead concerns how the chosen
lag structure can help to obtain valid statistical inference when the variables are highly
persistent.
To investigate whether the results depend on the four-lag replication choice, the lag order
is also examined using AIC and BIC (Akaike, 1974; Schwarz, 1978). In the current sample,
AIC selects three lags for the level system and two lags for the first-difference system, while
BIC selects one lag for both. The LPs are re-estimated using the AIC-selected orders as a
robustness check, allowing the four-lag results to be compared with a more data dependent
choice.

3.7 Corrected Local Projections

As discussed in Section 2.4, the motivation for the corrected LPs is that the error term
at a longer horizon can contain intermediate economic movements that occurred between
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the reform date and the GDP outcome. This section focuses on how this correction is
implemented.
The only future-dated objects used in the correction are the estimated residuals between
the reform at time t and the outcome at time t + h. These residuals are not ordinary
future macroeconomic controls, such as future GDP, future tax revenue, future government
expenditure, or the future Bank Rate. Instead, they are the parts of GDP which were not
explained by the horizon zero regression. Their role is to account for error propagation,
not to control away the economic response to the tax reform itself (Lusompa, 2023).
Both corrected LPs begin by estimating the horizon zero projection. For the level specifi-
cation this is:

yt = a0 + b0xt + d0st +
p∑

j=1
c0,jxt−j +

p∑
j=1

G0,jZt−j + εt. (19)

The error εt is the part of current GDP which is not explained by the current tax reform,
current spending reform, lagged tax reforms, and lagged macroeconomic variables. This
equation at horizon zero is estimated using all complete observations rather than being
split by regime.
The cumulative change LP at horizon zero is similarly written as:

yt − yt−1 = a∆
0 + b∆

0 xt + d∆
0 st +

p∑
j=1

c∆
0,jxt−j +

p∑
j=1

G∆
0,j∆Zt−j + ε∆

t . (20)

The error ε∆
t is the unexplained part of current GDP growth rather than the unexplained

part of the GDP level. The estimated residuals are:

ε̂t = yt − â0 − b̂0xt − d̂0st −
p∑

j=1
ĉ0,jxt−j −

p∑
j=1

Ĝ0,jZt−j , (21)

ε̂∆
t = yt − yt−1 − â∆

0 − b̂∆
0 xt − d̂∆

0 st −
p∑

j=1
ĉ∆

0,jxt−j −
p∑

j=1
Ĝ∆

0,j∆Zt−j . (22)

At horizon h, the correction only uses residuals occurring after the reform at time t and
before the outcome at time t + h:

ε̂t+1, ε̂t+2, . . . , ε̂t+h−1. (23)

These residuals are future residuals relative to the reform date, but they are still interme-
diate residuals because they occur before the final outcome yt+h. The residual ε̂t is not
used, since it comes from the same quarter as the tax reform. The endpoint residual ε̂t+h

is also not used since it occurs in the same quarter as the dependent variable. The correc-
tion therefore only uses residuals from between the reform at time t and the outcome at
time t +h. This timing also means that no correction is possible at h = 0 and h = 1, since
there are no residuals between the reform and the outcome at these horizons. The regular
and corrected estimators are therefore identical at h = 0 and h = 1. The first correction
thus occurs at h = 2, where only ε̂t+1 is available. This timing follows the intermediate
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residual structure derived by Lusompa (2023).
Suppose GDP at time t + h is described by a dynamic model with lagged variables, such
as variables dated t + h − 1. If this relationship is substituted backwards, the outcome
at t + h can be written in terms of variables dated closer to the reform date t, together
with the shocks that occur between t and t + h. These terms are not new tax reform
effects. Rather, they come from the underlying dynamic relationships in the model. This
is why a longer horizon LP error can contain movements that happened after the reform,
but before the final GDP outcome. The Lusompa-style corrected-left-hand-side LP uses
this idea by estimating how these intermediate residual movements propagate into later
outcomes and then subtracting the predicted propagation from the left hand side.

3.7.1 Corrected-Left-Hand-Side LP

The first corrected version combines the intermediate residuals into one correction term.
This correction term is subtracted from the left hand side before the tax reform coefficient
is estimated. The purpose is to remove the part of the later GDP outcome which can
already be predicted from earlier LP residuals.
The corrected-left-hand-side estimator requires coefficients which measure how the short
run residual propagates into later GDP outcomes. These coefficients are denoted by Bj .
For the level specification, Bj is estimated using:

yt+j = aB
j +Bj ε̂t +bB

j xt +dB
j st +

p∑
k=1

cB
j,kxt−k +

p∑
k=1

GB
j,kZt−k +ηB

t+j , j = 1, . . . , 11. (24)

The coefficient Bj measures how strongly the unexplained GDP movement at time t is
related to GDP j quarters later after controlling for the same tax reforms and macroeco-
nomic history. It is not the tax reform response.
The cumulative change propagation coefficients are estimated using:

yt+j −yt−1 = aB,∆
j +B∆

j ε̂∆
t +bB,∆

j xt+dB,∆
j st+

p∑
k=1

cB,∆
j,k xt−k +

p∑
k=1

GB,∆
j,k ∆Zt−k +ηB,∆

t+j . (25)

The propagation coefficients are estimated horizon by horizon. Meaning that B1 measures
one-quarter propagation, B2 measures two-quarter propagation, and so on.
The corrected level outcome is:

ỹt+h = yt+h −
h−1∑
j=1

B̂j ε̂t+h−j . (26)

At h = 2, the correction is:

ỹt+2 = yt+2 − B̂1ε̂t+1. (27)

At h = 3, the correction becomes:

ỹt+3 = yt+3 − B̂1ε̂t+2 − B̂2ε̂t+1. (28)
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Meaning that the residual closest to the outcome receives the one-quarter propagation
coefficient, while an earlier residual receives the coefficient corresponding to the greater
distance over which it must propagate.
The corrected outcome is then used in the final LP:

ỹt+h = αCLP
h + βCLP

h xt + δCLP
h st +

p∑
j=1

θCLP
h,j xt−j +

p∑
j=1

ΓCLP
h,j Zt−j + vt+h. (29)

The coefficient βCLP
h remains the tax reform response. The correction does not change

what the coefficient is meant to measure, but only changes the dependent variable used in
the final LP.
The same correction can be used for the cumulative change LP. The original specification
in Cloyne et al. (2025) uses the uncorrected cumulative change outcome yt+h − yt−1. To
keep the notation readable, the corrected cumulative change outcome is denoted by Ỹ ∆

t,h.
The tilde is introduced here only to indicate that the outcome has been adjusted by the
corrected-LP term.

Ỹ ∆
t,h = yt+h − yt−1 −

h−1∑
j=1

B̂∆
j ε̂∆

t+h−j . (30)

Here ε̂∆
t+h−j are the cumulative change horizon zero residuals and B̂∆

j measures how these
residuals propagate into the later cumulative change outcome.
The corrected cumulative change outcome is then used in the cumulative change LP:

Ỹ ∆
t,h = αCLP,∆

h +βCLP,∆
h xt +δCLP,∆

h st +
p∑

j=1
θCLP,∆

h,j xt−j +
p∑

j=1
ΓCLP,∆

h,j ∆Zt−j +vCLP,∆
t+h . (31)

Compared to the corrected level LP, this version starts from the cumulative change out-
come, yt+h − yt−1, rather than the level outcome, yt+h. The correction term is then
subtracted from this cumulative change outcome, giving the corrected outcome Ỹ ∆

t,h. The
macroeconomic controls also enter as lagged first differences, ∆Zt−j , instead of lagged
levels, Zt−j .
For the state dependent results, the corrected level outcome or corrected cumulative change
outcome is inserted into the same joint ZLB/non-ZLB regression as before. The residual
series and propagation coefficients are estimated using the full sample, while the tax reform
coefficient is allowed to differ between ZLB and non-ZLB periods.
The corrected-left-hand-side version used here is a plug-in implementation. This means
that the residuals and propagation coefficients are estimated first, and then inserted into
the correction term. The final LP is then estimated using this corrected outcome. The
correction is therefore applied separately for each horizon.
This follows the error-propagation idea of Lusompa (2023), but it is not the exact sequen-
tial FGLS estimator. The difference being that the correction weights are not updated
recursively from previously corrected horizons, but rather that the residuals and propa-
gation coefficients are estimated in earlier steps and then used to construct the corrected
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left hand side.

3.7.2 Future-Residual Control LP

The second corrected version uses the same intermediate residual information, but in
a different way. Instead of first combining the residuals into one correction term and
subtracting this from the left hand side, the residuals are added directly to the right hand
side of the horizon specific LP. Their coefficients are then estimated together with the tax
reform coefficient.
For the level LP, this gives:

yt+h = αF R
h + βF R

h xt + δF R
h st +

p∑
j=1

θF R
h,j xt−j +

p∑
j=1

ΓF R
h,j Zt−j +

h−1∑
m=1

ρh,mε̂t+m + eF R
t+h. (32)

The residual ε̂t+m is the horizon zero residual from an intermediate quarter after the re-
form, but before the final outcome at t + h. The coefficient ρh,m is the weight placed on
this residual in the horizon-h regression. These weights are estimated inside the final re-
gression itself. Meaning that, unlike the corrected-left-hand-side version, no pre-estimated
weighted correction term is forced into the dependent variable.
The coefficient βF R

h remains the tax reform response. The future residuals are only in-
cluded to account for the part of the later-horizon regression error that can be related
to unexplained movements in the intermediate quarters. They should therefore not be
interpreted as ordinary future macroeconomic controls.
The cumulative change version follows the same logic:

yt+h − yt−1 = αF R,∆
h + βF R,∆

h xt + δF R,∆
h st

+
p∑

j=1
θF R,∆

h,j xt−j +
p∑

j=1
ΓF R,∆

h,j ∆Zt−j

+
h−1∑
m=1

ρ∆
h,mε̂∆

t+m + eF R,∆
t+h . (33)

Here ε̂∆
t+m is the cumulative change horizon zero residual from the intermediate quarter

t + m, and ρ∆
h,m is the coefficient placed on that residual. At h = 0 and h = 1, there are

no residuals between the reform date and the outcome date. The future-residual control
LP is therefore identical to the regular LP at these horizons.
For the state dependent results, the residual leads receive common coefficients across ZLB
and non-ZLB periods. Interacting every residual lead by regime would add many gener-
ated regressors to the smaller ZLB sample and would create a separate state dependent
correction. This could make the estimates much noisier. The tax reform coefficient and
the lagged macroeconomic coefficients remain regime specific, following the joint ZLB/non-
ZLB specification used earlier.
This version is related to the residual-augmentation logic of Breitung and Brüggemann
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(2023), but it is not presented as the exact Breitung-Brueggemann GLS estimator. The
exact estimator is derived from a full system of innovations, while the implementation used
here relies on scalar GDP residuals from the horizon zero projection. The implementation
here also only includes the intermediate residuals between t+1 and t+h−1, and does not
subtract the endpoint residual from the dependent variable. The idea is therefore similar,
since residual information from the periods between the reform and the final outcome
is added to the regression, but the exact estimator is not replicated. For that reason,
the specification is described as a future-residual control LP rather than as the exact
Breitung-Brueggemann GLS estimator.
The lagged macroeconomic controls remain the same in the regular and corrected LPs. The
corrected-left-hand-side version changes the dependent variable, while the future residual
control version adds the intermediate residuals to the already existing right hand side. The
corrected LPs therefore do not replace the regular LP, but add a correction to the same
underlying specification. Meaning that differences between the regular and corrected LPs
should come from the correction itself, rather than from changing the control variables or
basic LP setup.

3.8 Sample Timing and Calendar Aware Estimation

The estimation keeps the original quarterly calendar when leads, lags, HAC standard
errors, and bootstrap residual blocks are constructed. This matters because World War
II is excluded from the estimation sample, creating a gap between 1938Q4 and 1946Q1.
These two quarters should not be treated as if they directly follow each other.
The WWII observations therefore remain in the dataset as missing calendar rows, but they
are not used in the regressions. This keeps the quarterly time structure intact. If these
rows were deleted completely, R would place the last usable pre-war observation directly
before the first usable post-war observation. This would not change the OLS coefficient
itself, but it could affect the standard error by treating residuals separated by several years
as if they were observed in consecutive quarters.
A calendar aware HAC calculation is therefore used. The original dataset row number is
retained for every observation entering the regression. At HAC lag l, two residual contri-
butions are only paired when their original row numbers are exactly l quarters apart. The
usual Bartlett weights and finite sample adjustment remain unchanged, but no covariance
pair is allowed to cross the WWII gap.
The same timing logic is used for the ZLB observations. The ZLB quarters come from
separate historical episodes and are not rearranged into one artificial continuous ZLB
sample. The joint state dependent regression keeps the original chronological order and
uses the ZLB indicator to switch the regime specific regressors on and off. The non-ZLB
quarters therefore still remain in the time series, even though they do not contribute to
the ZLB-specific coefficient.
Keeping the complete chronological ordering is also important for the HAC standard
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errors, since serial correlation should be calculated using the actual sequence of quarters.
Estimating a separate ZLB regression after removing all non-ZLB observations would
incorrectly treat observations from different ZLB episodes as consecutive unless the time
gaps were handled explicitly.

3.9 Statistical Inference

Estimating the tax reform response only gives the point estimate β̂h. This point estimate
shows the estimated size of the response, but not how precise this estimate is. A standard
error is therefore needed, since the standard error determines the width of the confidence
interval around the estimate, where a larger standard error implies a less precise estimate.
Cloyne et al. (2025) use standard heteroskedasticity-robust standard errors for their main
results. This is connected to their lag-augmented LP specification, since Montiel Olea and
Plagborg-Møller (2021) show that lag augmentation can make standard robust inference
reliable even when the data are persistent and the response horizon is relatively long.
Cloyne et al. (2025) also report that their conclusions about statistical significance are
similar when using Newey-West standard errors. The analysis here uses HAC/Newey-
West standard errors as the main analytical inference choice, while the fixed regressor
block bootstrap is used as an additional inference check.
Conventional OLS standard errors assume that the residual variance is constant and that
residuals from different observations are unrelated. These assumptions are questionable for
quarterly macroeconomic data. The size of unexpected economic movements can change
over time, which is referred to as heteroskedasticity. Residuals from nearby quarters can
also be related, which is referred to as serial correlation.
Serial correlation is especially relevant for LPs because the future outcomes used by neigh-
boring observations overlap. This overlap generally increases with the horizon. Lusompa
(2023) shows more formally that the horizon-h LP residual follows a moving average struc-
ture involving the intermediate innovations.
HAC/Newey-West standard errors are therefore used to account for both heteroskedastic-
ity and serial correlation in the standard error calculation. Newey-West does not change
β̂h, but rather changes the estimated standard error, confidence interval, and statistical
significance attached to this response (Newey and West, 1987).

3.9.1 Newey-West Bandwidth

The Newey-West calculation requires a bandwidth. This bandwidth determines how many
quarters around each observation are allowed to contribute to the serial correlation correc-
tion. This means that the covariance calculation does not only use the squared residuals
from the same quarter, but also covariance terms between residuals from nearby quarters.
A larger bandwidth allows residual relationships over more quarters to enter the standard
error calculation, while a smaller bandwidth only uses more local dependence. A very
short bandwidth may therefore ignore relevant serial correlation, while a very long band-
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width may add many imprecisely estimated autocovariances and make the standard error
noisy.
The exact bandwidth rule used is not a separate theoretical result, but rather an imple-
mentation choice. The automatic bandwidth from bwNeweyWest is used as the starting
point, while h − 1 is imposed as a lower bound because the LP residuals at horizon h

can contain dependence from the intermediate quarters. This combines a data dependent
bandwidth choice with a horizon based minimum bandwidth. The Newey-West correction
itself follows Newey and West (1987). The data dependent bandwidth choice is related
to the general bandwidth-selection approach in Andrews (1991), while the horizon based
lower bound is motivated by the moving average structure of LP errors discussed by Lu-
sompa (2023).
The term bwNW

h denotes the automatic bandwidth selected by the bwNeweyWest function
from the R package sandwich. This function uses the residuals from the estimated re-
gression to choose a data dependent Newey-West bandwidth. The term Th denotes the
number of complete observations available at horizon h. The final bandwidth is:

ℓh = min
{

Th − 1, max
(⌊

bwNW
h

⌋
, h − 1

)}
. (34)

The value h − 1 prevents a long-horizon regression from using a bandwidth which ignores
most of the dependence created by the horizon itself. The upper bound Th − 1 prevents
the bandwidth from becoming larger than the available sample.
A Bartlett kernel is used inside the Newey-West calculation. This means that residual
covariances receive smaller weights when the observations are further apart. For exam-
ple, the covariance between residuals one quarter apart receives more weight than the
covariance between residuals four quarters apart. Residuals further apart than the chosen
bandwidth receive no weight. The weight at lag l is:

wl = 1 − l

ℓh + 1 , (35)

where wl is the weight given to the residual covariance at lag l and ℓh is the chosen
bandwidth. This weighting is part of the HAC covariance calculation and is not a separate
regression step.
Prewhitening is switched off, meaning that no additional autoregressive model is fitted
before calculating the HAC covariance matrix. The standard errors are therefore calculated
directly from the LP residuals. A finite sample adjustment is applied because the analysis
deals with a finite sample and not the full population.
The bandwidth rule is also compared with two simpler alternatives. The first uses only
the horizon based bandwidth h−1. The second uses the cube-root sample size rule, where
the bandwidth is based on ⌊T

1/3
h ⌋. These alternatives are reported as robustness checks

to see whether the confidence intervals depend strongly on the bandwidth rule.
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3.9.2 Pointwise Confidence Intervals

The HAC/Newey-West standard error is used to construct the pointwise 90 percent ana-
lytical confidence interval:[

β̂h − z0.95ŜE(β̂h), β̂h + z0.95ŜE(β̂h)
]

, (36)

Here ŜE(β̂h) is the HAC/Newey-West standard error of the estimated tax reform coeffi-
cient at horizon h. The value z0.95 ≈ 1.645 is used because the interval is two-sided and
covers the middle 90 percent of the normal distribution. A larger standard error gives a
wider interval, meaning that the estimated response is less precise.
The interval is pointwise, meaning that it is constructed for each horizon separately. For
example, the interval at h = 4 describes the uncertainty around the estimated response
one year after the reform. It should therefore not be interpreted as a confidence band for
the complete impulse response path from h = 0 to h = 12.

3.9.3 Residual Moving Block Bootstrap

The corrected LPs contain residuals and propagation coefficients which are estimated
before the final horizon specific regression. A normal HAC/Newey-West confidence interval
is calculated from the final regression only. Meaning that it treats the correction terms as
if they were already given, while in reality they are also estimated from the data. This is
one reason why a bootstrap is used as an additional inference method.
The basic idea of the bootstrap is to create many artificial samples which have the same
length as the original sample and still keep part of the time-series structure of the data.
The LP procedure is then repeated in every artificial sample. This gives a distribution
of possible tax reform coefficients, which can be used to construct bootstrap confidence
intervals.
The bootstrap used here is a fixed regressor residual moving block bootstrap. This means
that the tax reform variable, the spending reform variable, the lagged controls, the dates,
and the ZLB classification are kept fixed. The bootstrap therefore does not create new tax
reforms, does not move the reforms to different dates, and does not generate new control
variables. This follows the fixed-design bootstrap logic, where the regressors are treated as
given and the artificial variation is generated through the residuals (Gonçalves and Kilian,
2004). In this application, the bootstrap creates alternative dependent variable paths by
resampling the horizon zero residuals.
The residuals are sampled in moving blocks rather than one observation at a time. This
is done because macroeconomic residuals can be related over time. If individual residu-
als were sampled separately, the time ordering of the residuals would be lost. Drawing
blocks keeps consecutive residuals together and therefore preserves part of the time-series
dependence in the bootstrap samples (Gonçalves and Kilian, 2004; Brüggemann et al.,
2016).
The residuals are centred within each drawn block. This means that the average residual
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inside the drawn block is subtracted from the residuals in that block. The purpose is to
keep the bootstrap residuals centred around zero, so that the bootstrap does not add an
artificial average movement to the generated dependent variable.
The default block length is:

L =
⌊
T 1/3

⌋
, (37)

where T is the estimation-sample size and L is the number of consecutive quarters in one
block. In the baseline this gives a block length of seven quarters. Block lengths of 4, 7, and
12 are compared as robustness checks, since the results should not depend too strongly on
one specific block length choice.
Only genuinely consecutive quarters can form a block. This means that a block cannot
start before World War II and continue after it, since the WWII observations are excluded
from the estimation sample. The same logic is used throughout the analysis: observations
are kept in their original calendar order, but excluded periods are not treated as if they
were adjacent quarters.
No single bootstrap paper directly covers the exact procedure used here. The bootstrap is
therefore described as an application-specific implementation. It combines residual block
resampling with fixed regressors, the narrative tax reform LP structure, and the calendar
restrictions created by the excluded WWII period. The residual-resampling idea is related
to Gonçalves and Kilian (2004), the moving block structure is related to Brüggemann
et al. (2016), and the studentised bootstrap-t interval follows the general bootstrap-t logic
discussed by Hall (1992).
For every bootstrap repetition b = 1, . . . , R, the following steps are used:

1. At horizon h = 0, obtain the level and cumulative change residuals ε̂t and ε̂∆
t from

Equations (21) and (22).

2. Choose a block length L and draw moving blocks from these residual series. The
baseline uses L = ⌊T 1/3⌋, while block lengths of four and twelve quarters are used
as robustness checks.

3. Within each drawn block, subtract the mean of the residuals in that block. This
gives the centred bootstrap residuals ε∗

t and ε∆∗
t , t = 1, . . . , T . The block structure

keeps part of the time-series dependence in the residuals, while the centering keeps
the bootstrap residuals centred around zero.

4. Using the estimated horizon zero coefficients, the fixed regressors, and the centred
bootstrap residuals, construct the bootstrap dependent variables:

y∗
t = â0 + b̂0xt + d̂0st +

p∑
j=1

ĉ0,jxt−j +
p∑

j=1
Ĝ0,jZt−j + ε∗

t , (38)

∆y∗
t = â∆

0 + b̂∆
0 xt + d̂∆

0 st +
p∑

j=1
ĉ∆

0,jxt−j +
p∑

j=1
Ĝ∆

0,j∆Zt−j + ε∆∗
t . (39)
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5. Using y∗
t and ∆y∗

t , construct the bootstrap outcomes needed for each horizon and re-
estimate the same LP specifications as in the original sample. This gives bootstrap
versions of the regular level LP, the Lusompa-style corrected-left-hand-side LP, the
future-residual control LP, and the corresponding cumulative change versions. The
correction residuals, propagation coefficients, corrected outcomes, final LP estimates,
and HAC/Newey-West standard errors are recomputed inside each bootstrap draw.

6. Store the resulting bootstrap tax reform coefficient β̂∗
h,b for every horizon h and every

specification. The baseline uses R = 2000 bootstrap replications.

7. For each bootstrap repetition, calculate the studentised bootstrap statistic:

t∗
h,b =

β̂∗
h,b − β̂h

ŜE
∗
h,b

. (40)

8. For the symmetric pointwise bootstrap-t interval, use the absolute value of the
bootstrap-t statistics. From the bootstrap statistics t∗

h,1, . . . , t∗
h,R, take the 0.90 quan-

tile of their absolute values. This critical value is denoted by c∗
h:

c∗
h = Q0.90

(∣∣∣t∗
h,1

∣∣∣ , . . . ,
∣∣∣t∗

h,R

∣∣∣) . (41)

The pointwise 90 percent symmetric bootstrap-t interval is then:[
β̂h − c∗

hŜEh, β̂h + c∗
hŜEh

]
. (42)

Here β̂h is the tax reform coefficient estimated in the original sample, β̂∗
h,b is the corre-

sponding coefficient from bootstrap draw b, ŜE
∗
h,b is the HAC/Newey-West standard error

from the bootstrap draw, and ŜEh is the HAC/Newey-West standard error from the orig-
inal sample. The critical value c∗

h is based on the absolute bootstrap-t statistics, so the
interval is centred around the original estimate β̂h. The bootstrap therefore changes the
critical value used to scale the original standard error, but it does not shift the interval
away from the original impulse response estimate.

3.10 Robustness Checks

Several robustness checks are used to see whether the main results depend strongly on one
specific modelling choice:

1. The four-lag replication baseline is compared with the AIC-selected lag orders.

2. The manually reconstructed sustained-ZLB indicator is compared with a previous-
quarter-only definition, a contemporaneous definition, and the supplied Regime0

variable.

3. The current spending reform is interacted by regime as a diagnostic, since the main
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specification uses one common spending reform coefficient.

4. Six large narrative tax reforms identified in the replication code are removed one
at a time to test whether the estimated response is driven by individual historical
reforms.

5. Alternative HAC bandwidth rules are compared.

6. Moving block lengths of 4, 7, and 12 quarters are compared.

The spending-interaction check is only used as a diagnostic. When the spending reform is
interacted by regime, some horizons contain very little useful variation for estimating the
spending coefficient. This makes the regression unstable at those horizons. The preferred
specification therefore uses one common spending reform coefficient.
When a large reform is removed, it is set to zero at its original date. This also removes
the reform when that date enters as a lagged tax reform in later observations.
The influence exercise is applied directly to the regular LP. Repeating it for the corrected
LPs would require recomputing the horizon zero residuals and every propagation coefficient
after each reform is removed. Therefore, changing only the final corrected regression would
not be a complete corrected-LP robustness check.

3.11 Summary of Estimated Objects

The regular level LP estimates the response of future GDP, yt+h. The cumulative change
LP estimates the change in GDP between the pre-reform quarter and horizon h, yt+h−yt−1.
Under the identifying assumption, both specifications are meant to estimate the same
population response. However, because the sample is finite and GDP is highly persistent,
they can behave differently in practice.
The corrected-left-hand-side LP subtracts the estimated propagation of intermediate GDP
residuals from the outcome before the final tax reform coefficient is estimated. The future-
residual control LP uses the same intermediate residual information, but instead estimates
the weights on these residuals directly inside the horizon specific regression.
In every specification, the coefficient of interest remains the coefficient on the narrative
tax reform at date t. A coefficient of two means that a reform intended to lower taxes by
an amount equal to one percent of GDP is associated with an approximate two percent
increase in real GDP at that horizon, conditional on the identifying assumption and the
included controls. It should not be described as the effect of an unspecified “one percent
tax shock”, since the construction and units of the narrative tax reform variable determine
its interpretation.
The ZLB and non-ZLB responses are estimated jointly in the preferred specifications. This
makes it possible to estimate the two regime specific responses in one regression and to
test their difference directly.
Analytical HAC intervals and pointwise bootstrap-t intervals are kept separate. The HAC
intervals use the analytical standard errors from the estimated regression, while the boot-
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strap intervals use the distribution of studentised bootstrap statistics. They therefore
provide two different ways of describing the uncertainty around the same estimated re-
sponse.
Lastly, the two corrected estimators are described using names which match their actual
construction. The corrected-left-hand-side version is a Lusompa-style horizon-by-horizon
plug-in estimator rather than the exact sequential FGLS estimator. The direct version
is described as a future-residual control LP rather than the exact Breitung-Brueggemann
GLS estimator.
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4 Data

4.1 Sample and Variables

The analysis uses quarterly macroeconomic data from the United Kingdom, obtained from
the replication package of Cloyne et al. (2025). The raw dataset contains 411 quarterly
observations from 1918Q1 till 2020Q3. The main estimation sample is restricted to the
period from 1920Q1 till 2019Q4.
World War II is excluded from the analysis, since the war economy is unlikely to describe
the normal relationship between fiscal reforms and output. This excluded period runs from
1939Q1 till 1945Q4. After restricting the sample from 1920Q1 till 2019Q4 and excluding
World War II, there are 372 quarterly observations before leads and lags are constructed.
The main response variable is real GDP, denoted by lnRealGDP. The dataset reports
the logged real variables multiplied by 100, meaning that the estimated responses can
be interpreted approximately as percentage responses. The main tax reform variable
is X_TaxcutToGDP. This variable records narrative tax reforms as a share of GDP, with
positive values corresponding to tax cuts. The spending reform variable, X_SpendToGDP, is
also included in the dataset and is used as a control in the LP regressions, since spending
policy movements should not be attributed to the tax reform as discussed in more detail
under “Control Variables” in Section 3.2.
The construction and interpretation of these variables are discussed in Section 3.2, while
their role in the LP specification is shown in Section 3.4. The macroeconomic variables
entering the control vector Zt are real GDP, real tax revenue, real government expenditure,
and the Bank Rate. These are denoted by lnRealGDP, lnRealTaxRev, lnRealExp, and
BankRate. In the LP regressions, these macroeconomic controls enter with four lags, as
described in Section 3.4.

Figure 2: Main variables used in the LP analysis. The grey band marks World War II,
which is excluded from the estimation sample.
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Table 3: Descriptive Statistics of LP Variables
Variable Non-missing Mean SD Min P25 Median P75 Max

ln RealGDP 372 1203.45 71.16 1070.48 1139.86 1214.22 1265.01 1310.14
ln RealTaxRev 372 1084.30 82.96 945.62 1033.01 1099.83 1149.16 1206.85

ln RealExp 372 1067.53 103.11 886.75 1012.22 1089.79 1150.77 1206.04
BankRate 372 5.55 3.77 0.25 2.25 5.00 7.00 17.00

TaxReform 372 0.05 0.22 -1.01 0.00 0.00 0.01 1.74
SpendingReform 372 -0.00 0.04 -0.45 0.00 0.00 0.00 0.30

The descriptive statistics suggest that both the tax and spending reforms are sparse. The
median tax reform and spending reform are both zero, and the interquartile range is very
small. This means that the typical observation is zero or close to zero. The identifying
variation therefore does not come from continuous policy movements every quarter, but
from a smaller number of narrative fiscal reforms. For the LPs, the implication is that
a relatively small number of large reform episodes can have a visible influence on the
estimated response.

4.2 Narrative Fiscal Reforms

The main reform variable is the tax reform scaled by GDP, where positive values represent
tax cuts. The spending reform is not the main object of interest, but is included as
a control. Most reform observations are equal to zero, while a small number of large
narrative reforms provide much of the identifying variation. The largest tax cut reform
occurs in 1953Q2, with a value of 1.738. Other large tax reform observations occur in
1988Q2, 1923Q2, 1930Q2, and 1947Q2. The largest spending reform observations are
concentrated in the post-2010 period, especially around 2013 till 2018, which is part of
the post-financial-crisis and quantitative-easing environment discussed in the robustness
checks of Cloyne et al. (2025).
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Figure 3: Narrative tax and spending reforms over time. The tax reform is the main
reform variable, while the spending reform is included as a control.

4.3 ZLB Regimes

The analysis distinguishes between ZLB and non-ZLB periods using the manually recon-
structed sustained-ZLB indicator defined in Section 3.5. The indicator is based on the
Bank Rate. It treats the historical Bank Rate period at 2 percent and the modern period
at or below 0.5 percent as lower bound episodes. The observation 1939Q3 is kept inside the
historical lower bound episode, since it is a one-quarter interruption between surrounding
quarters where Bank Rate is equal to 2. A quarter is then classified as ZLB only if the
lower bound condition is satisfied according to the sustained four-quarter rule described
in the methodology.
Using the manually reconstructed sustained-ZLB rule gives 78 ZLB observations and 291
non-ZLB observations before the LP lead and lag structure is imposed. The ZLB observa-
tions are spread across separate historical lower bound episodes rather than forming one
continuous period. Once the LP regressions are estimated, the usable ZLB sample becomes
smaller because the regressions require lagged controls and future GDP observations. This
means that the ZLB response is estimated from fewer and more fragmented observations
than the non-ZLB response, so the ZLB impulse responses should be expected to be less
precise.
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Figure 4: Bank Rate and manually constructed ZLB regime. The shaded areas indicate
observations classified as ZLB in the level LP analysis.

Table 4: Usable LP Observations by Horizon
Horizon Level total Level non-ZLB Level ZLB Cum.-change total Cum.-change non-ZLB Cum.-change ZLB

0 361 287 74 359 286 73
4 356 286 70 354 285 69
8 348 282 66 346 281 65
12 340 281 59 338 280 58

Note: Cum.-change refers to the cumulative change LP. The total columns give the number of usable ob-
servations in the joint state dependent regression. The non-ZLB and ZLB columns split these observations
by regime.

The ZLB count is smaller in the LP regressions than in the raw regime indicator because
the regressions require lagged controls and future GDP observations. The first post-war
ZLB quarters are lost because their lagged controls would cross the WWII gap. The
cumulative change LP loses one additional post-war observation because it uses lagged
first differences of the macroeconomic controls.

Table 5: Non-Zero Narrative Tax Reforms by Regime
Regime Observations Non-zero reform quarters Tax cut quarters Tax increase quarters Largest tax cut Largest tax increase

non-ZLB 287 165 110 55 1.738 -1.011
ZLB 74 42 19 23 0.938 -0.370

Note: The table uses the level-LP usable sample at horizon h = 0, after applying the lag structure.

Table 5 shows that the ZLB part of the sample contains fewer observations and fewer non-
zero tax reform quarters than the non-ZLB part of the sample. This means that the ZLB
impulse responses are estimated from a relatively small number of reform observations,
making them more sensitive to individual reform quarters.

4.4 Descriptive Features Relevant for the LPs

The main macro variables are highly persistent. The first-order autocorrelation is approx-
imately 0.9997 for real GDP, 0.9979 for real tax revenue, and 0.9975 for real expenditure.

38



The Bank Rate is also highly persistent, with a first-order autocorrelation of 0.9787. In
contrast, the tax reform and spending reform variables are much less persistent. The
corresponding autocorrelation figure is reported in Appendix 11.
The persistence of the macroeconomic variables is relevant for the LP analysis because
movements in one quarter may also carry over into later quarters. This makes it more
likely that regression errors are related across nearby quarters. This is one reason why
lagged controls are included in the LP regressions and why HAC/Newey-West standard
errors are used. The methodological implications of persistence are discussed in Section
3.4 and Section 3.9.
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5 Results

The results are used to answer whether a tax reform intended to reduce tax liabilities
by one percent of GDP is followed by an increase in real GDP when monetary policy
is constrained by the ZLB. All reported responses can therefore be read as approximate
percentage responses of real GDP to a tax reform of this size. The main specification is
the cumulative change LP, since this is closest to the specification used by Cloyne et al.
(2025). It is also useful here because real GDP is highly persistent and the ZLB sample is
relatively small, meaning that the level and cumulative change specifications can behave
differently in practice.
The results are discussed in five steps. First, the identification and correction diagnostics
are briefly considered. Second, the main cumulative change LP results are presented.
Third, the level LP is used as a comparison. Fourth, the ZLB and non-ZLB responses are
compared directly. Lastly, the fixed regressor residual moving block bootstrap and the
robustness checks are used to see how strong the results remain once alternative inference
and specification choices are considered.
As discussed in Section 3.9, two types of confidence intervals are used in the results. The
first are analytical asymptotic intervals based on HAC/Newey-West standard errors, re-
ferred to as HAC intervals in this section. The second are symmetric pointwise bootstrap-t
intervals from the fixed regressor residual moving block bootstrap, referred to as bootstrap
intervals in this section. These bootstrap intervals use absolute bootstrap-t critical values,
meaning that the interval is centred around the original impulse response estimate. The
caption of each figure or table states which type of interval is shown.

5.1 Identification and Correction Diagnostics

Before interpreting the impulse responses, two diagnostic points are useful. The first
concerns the narrative tax reform variable. If this variable is to be treated as plausibly
external to short run macroeconomic conditions, it should not be strongly predictable from
the included macroeconomic history. The Granger-style predictability test is therefore used
as a diagnostic check. It does not prove exogeneity, since no predictability test can rule
out every possible omitted policy motivation, but it can show whether the included lagged
variables strongly predict the current reform.

Table 6: Predictability Test for the Narrative tax reform Variable
Wald statistic Degrees of freedom p-value Observations

23.88 20 0.25 362

This Wald test is close in spirit to the Granger-style predictability check in Cloyne
et al. (2025), but it is not an exact replication of their VAR-based test. The test does
not find strong evidence that the included lagged variables jointly predict the current tax
reform, with a p-value of 0.25. This means that, using the included lagged macroeconomic
variables and spending reforms, there is no strong evidence that the tax reform series is
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predictable from earlier economic conditions. This is consistent with treating the narrative
tax reform variable as plausibly external to short run macroeconomic conditions, but it
should still be read as a diagnostic rather than as proof that the reform variable is fully
exogenous.
The second diagnostic point concerns the corrected LPs. The corrected LPs are useful
only if intermediate LP residuals contain information about later outcomes. The estimated
propagation coefficients are positive and sizeable, meaning that unexplained movements in
GDP at short horizons are related to later GDP outcomes. This gives empirical motivation
for comparing the regular LP with the corrected LPs.

5.2 Cumulative Change Responses

Figure 5: Cumulative change GDP responses following a narrative tax reform. The shaded
areas show pointwise 90 percent calendar aware HAC confidence intervals.

Figure 5 shows the main cumulative change results. The dependent variable is yt+h −yt−1,
meaning that the coefficient measures the change in real GDP between the quarter before
the reform and horizon h. A positive coefficient therefore means that real GDP is estimated
to be higher after a tax cut reform, relative to the pre-reform quarter.

Table 7: Selected Cumulative Change LP Results
Estimator Regime h = 0 h = 4 h = 8 h = 12

Regular LP non-ZLB 0.51 [-0.06, 1.07] 1.29 [-0.32, 2.89] 2.14 [-0.13, 4.41] 2.06 [-0.65, 4.76]
Regular LP ZLB 1.13 [0.69, 1.56] 1.68 [0.39, 2.97] 2.18 [-0.43, 4.79] 3.46 [1.55, 5.38]

Lusompa-style corrected LHS non-ZLB 0.51 [-0.06, 1.07] 1.50 [0.61, 2.39] 2.19 [1.30, 3.09] 1.07 [0.06, 2.07]
Lusompa-style corrected LHS ZLB 1.13 [0.69, 1.56] 2.40 [1.15, 3.65] 1.43 [0.11, 2.75] 1.54 [0.22, 2.86]

Future-residual control LP non-ZLB 0.51 [-0.06, 1.07] 1.52 [0.56, 2.48] 2.10 [1.26, 2.93] 1.04 [0.05, 2.03]
Future-residual control LP ZLB 1.13 [0.69, 1.56] 2.44 [0.70, 4.18] 1.75 [0.45, 3.05] 1.46 [-0.19, 3.11]

Note: Values in brackets are pointwise 90 percent HAC intervals.

At h = 0, the regular and corrected estimators coincide because there are no interme-
diate residuals between the reform date and the outcome date. The point estimate and

41



confidence interval are therefore identical across the three estimators at this horizon. The
regular cumulative change LP produces positive point estimates in both regimes. In the
non-ZLB regime, the estimated response equals approximately 0.51 percent during the re-
form quarter, 1.29 percent after four quarters, 2.14 percent after eight quarters, and 2.06
percent after twelve quarters. The corresponding ZLB estimates are 1.13, 1.68, 2.18, and
3.46 percent. Thus, the main point estimate pattern does not suggest that tax reforms
become contractionary at the ZLB.
The corrected LPs do not overturn the positive cumulative change response. Instead, they
mainly change the shape and size of the response. At h = 4, the ZLB response increases
from 1.68 in the regular LP to 2.40 under the Lusompa-style corrected-left-hand-side
version and 2.44 under the future-residual control version. At h = 8 and h = 12, the
corrected ZLB responses are smaller than the regular LP response, but remain positive.
The corrected LPs do not simply smooth the response path or lower the response at every
horizon. Instead, they change the timing and size of the estimated response. In the
ZLB regime, the corrected responses are larger than the regular LP at some intermediate
horizons, but smaller at the later horizons from h = 10 to h = 12. The corrected LPs
therefore reduce the large late horizon response in the regular cumulative change LP. This
is consistent with the correction logic described in Section 3.7, since part of the regular
late horizon response may reflect intermediate residual movements rather than only the
tax reform coefficient itself.
Under HAC inference, the corrected cumulative change estimates are also more often
statistically different from zero than the regular LP. For the ZLB response, the Lusompa-
style corrected interval is above zero at every horizon, while the future-residual control
interval is above zero through h = 11. The full horizon-by-horizon intervals are reported
in Appendix A.6.
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5.3 Comparison With the Level LP

Figure 6: Level GDP responses following a narrative tax reform. The shaded areas show
pointwise 90 percent calendar aware HAC confidence intervals.

The level LP gives a less stable picture than the cumulative change LP. Under the regular
level LP, the ZLB response equals 0.87 percent during the reform quarter, but becomes -
0.38 percent after four quarters, -0.25 percent after eight quarters, and -0.50 percent after
twelve quarters. Every selected ZLB interval apart from the contemporaneous interval
includes zero.

Figure 7: Comparison of the regular level and cumulative change LP point estimates. Both
specifications use the same narrative tax reform series and sustained-ZLB classification.
Figure 7 shows that the difference between the level and cumulative change specification is
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especially visible in the ZLB regime. As a descriptive comparison, the correlation between
the level and cumulative change point estimate paths is 0.84 in the non-ZLB regime, but
only 0.17 in the ZLB regime. In the non-ZLB regime, both specifications have the same
sign at all thirteen horizons, while in the ZLB regime the two specifications have the same
sign at only nine horizons.
This difference affects the interpretation. It does not necessarily mean that one specifica-
tion is simply right and the other is wrong. Rather, it shows that the dependent variable
choice matters in this historical sample. Since real GDP is highly persistent and the ZLB
sample is relatively small, the cumulative change LP is used as the main specification,
while the level LP is used as a comparison.

5.4 Regime Differences

The positive ZLB estimates do not automatically mean that the ZLB response is statis-
tically larger than the non-ZLB response. These are two separate questions. The ZLB
response itself shows whether tax reforms are estimated to be expansionary or contrac-
tionary when monetary policy is constrained. The ZLB minus non-ZLB difference instead
shows whether the estimated response is different from the response in normal periods.

Figure 8: ZLB minus non-ZLB cumulative change response. Positive values mean that
the estimated response is larger at the ZLB. The shaded areas show pointwise 90 percent
calendar aware HAC confidence intervals.

Figure 8 shows the ZLB minus non-ZLB difference for the cumulative change specifications.
In the regular cumulative change LP, the difference is positive at most horizons, meaning
that the ZLB point estimate is usually larger than the non-ZLB point estimate. However,
the HAC confidence intervals are wide and include zero at most horizons. The exceptions
are around h = 1 and h = 5, where the pointwise HAC intervals exclude zero.
These pointwise differences are not confirmed by the bootstrap intervals, which include
zero at all horizons. The simultaneous bands also include zero throughout, as reported
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in Appendix A.7. The full regime difference intervals are reported in Appendix A.6. The
results therefore do not provide robust evidence that the ZLB response is statistically
larger than the non-ZLB response. The main result is instead that the cumulative change
estimates do not support the prediction that tax reforms become contractionary at the
ZLB.
Appendix A.7 reports the corresponding bootstrap intervals for the ZLB minus non-ZLB
difference. The point estimates are positive at some horizons, but the symmetric pointwise
bootstrap intervals include zero at all horizons. The simultaneous bands also include zero
throughout. The regime difference evidence is therefore not strong enough to conclude
that the ZLB response is clearly different from the non-ZLB response over the full path.

5.5 Fixed Regressor Residual Moving Block Bootstrap

The bootstrap is used as an additional inference check. The preferred bootstrap uses 2,000
draws and a block length of seven quarters. The tax reforms, spending reforms, lagged
controls, dates, and ZLB classifications are kept fixed. Blocks of horizon zero residuals are
resampled and centred within each drawn block. The bootstrap dependent variables are
then rebuilt and the LPs are re-estimated for every horizon.
The bootstrap therefore changes the dependent variable path, while keeping the regressors
and the historical timing of the reforms fixed. The symmetric bootstrap-t intervals are
centred around the original IRF estimate by construction, as discussed in Section 3.9.3.
Table 8 reports the symmetric bootstrap-t intervals for the ZLB cumulative change re-
sponse at the selected horizons. These are the same selected horizons used in the HAC
table, so the bootstrap and analytical intervals can be compared directly.

Table 8: Symmetric Pointwise 90 Percent Bootstrap-t Intervals for the ZLB Cumulative
Change Response

Estimator h = 0 h = 4 h = 8 h = 12

Regular LP [0.32, 1.94] [-0.11, 3.47] [-2.03, 6.38] [-0.86, 7.78]
Lusompa-style corrected LHS [0.32, 1.94] [-0.02, 4.82] [-0.36, 3.23] [-0.35, 3.43]

Future-residual control LP [0.32, 1.94] [-0.64, 5.52] [-0.07, 3.57] [-0.79, 3.71]

At h = 0, the three estimators coincide because there are no intermediate residuals between
the reform date and the outcome date. The bootstrap interval is therefore identical across
the three rows and remains above zero. At the selected later horizons shown in the table
(h = 4, h = 8, and h = 12), the point estimates remain positive, but all bootstrap intervals
include zero. Figure 9 shows the full horizon path. Across the full path, some pointwise
bootstrap intervals still exclude zero, so the bootstrap does not remove all evidence of a
positive response. It does however make the evidence less uniform across horizons than
the analytical HAC intervals.
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Figure 9: Symmetric pointwise bootstrap-t intervals for the cumulative change LP re-
sponses. The intervals are based on the fixed regressor residual moving block bootstrap
with block length seven.

The symmetric bootstrap intervals are centred around the original IRF estimate by con-
struction. They should therefore be read as uncertainty bands around the estimated
response, rather than as a separate bootstrap response path. Compared with the HAC
intervals, the bootstrap bands are generally wider, especially for the ZLB response at later
horizons.
This makes the bootstrap evidence more cautious. The cumulative change ZLB point
estimates remain positive at the selected horizons, but the symmetric bootstrap intervals
include zero at several intermediate and later horizons. Some horizons still exclude zero
under pointwise bootstrap inference, so the bootstrap does not remove all evidence of a
positive response. It mainly shows that the evidence is less uniform across horizons and
less precise than the analytical HAC intervals suggest.
The corrected LPs should also not be read as simply smoothing the response path. They
do not lower the response at every horizon either. Instead, they change the timing and size
of the estimated response. For the ZLB response, the corrected LPs are larger than the
regular LP at some intermediate horizons, but smaller at the later horizons from h = 10
to h = 12. This suggests that the correction matters most in the part of the response
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where intermediate residual propagation becomes more important.
Overall, the bootstrap still points to a positive ZLB response at selected horizons, but
it also shows that the response is not estimated very precisely over the full three-year
horizon. The positive result is therefore easier to defend horizon by horizon than for the
full response path at once. Appendix A.7 reports the simultaneous sup-t bands, which are
wider because they ask whether the whole response path is covered jointly rather than
horizon by horizon.

5.6 Robustness Checks

The robustness checks show that the positive cumulative change pattern is not driven
by one single modelling choice, although the size of the ZLB response changes across
specifications. The detailed robustness figures are reported in Appendix A.3.
Appendix A.3.1 compares the four-lag baseline with the AIC-selected lag orders. The
cumulative change ZLB response remains positive under the AIC-selected lag length, al-
though the magnitude changes at longer horizons. This means that the sign of the main
cumulative change result is not only created by the four-lag replication choice.
Appendix A.3.2 compares the sustained-ZLB baseline with alternative ZLB definitions.
The supplied Regime0 variable gives the same response as the previous-quarter-only defi-
nition, while the sustained four-quarter baseline gives different magnitudes. The positive
cumulative change pattern remains visible, but the size of the ZLB response depends on
how the ZLB regime is defined. This is consistent with the small number of ZLB observa-
tions discussed in Section 4.
Appendix A.3.3 reports the leave-one-reform-out exercise. After each selected large tax
reform is set to zero separately, the cumulative change ZLB response remains positive
at the selected horizons. The magnitude still moves, meaning that individual historical
reforms influence the estimated response, but the positive ZLB response is not created by
one single selected reform.
Appendix A.5 compares bootstrap block lengths of four, seven, and twelve quarters. The
width of the bootstrap intervals changes with the block length, but the main interpretation
remains the same. The bootstrap gives more cautious evidence than the analytical HAC
intervals, especially for the later ZLB horizons.
Appendix A.4 reports the spending reform interaction diagnostic. The preferred specifica-
tion uses one common spending reform coefficient. When the spending control is interacted
by regime, the design becomes unstable at several horizons. This supports keeping the
common spending coefficient in the main specification.

5.7 Main Result

The central result is that the positive ZLB response is robust in sign, but not in statistical
strength. Across the regular cumulative change LP, both corrected cumulative change
LPs, alternative lag lengths, alternative ZLB definitions, and the leave-one-reform-out
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exercise, the estimated ZLB response to a tax reform intended to reduce tax liabilities by
one percent of GDP remains positive at the selected horizons. In this sense, the results
do not support the prediction that tax reforms become contractionary at the ZLB.
The strength of the evidence, however, depends systematically on two choices that the
single specification in Cloyne et al. (2025) could not separate. The first is the dependent
variable transformation. The cumulative change LP gives a stable positive response, while
the level LP is less stable and becomes negative at some ZLB horizons. Its estimated
response path is also only weakly correlated with the cumulative change response path in
the ZLB regime. The second is how uncertainty is measured. The response is statistically
different from zero at selected horizons under pointwise HAC and bootstrap-t intervals, but
the simultaneous sup-t bands are much wider and do not support a uniformly significant
positive response over the full path. The positive ZLB response is therefore easier to
defend horizon by horizon than as a jointly significant response over the full three-year
horizon.
The ZLB response is also not shown to be statistically larger than the non-ZLB response.
The main conclusion is therefore not that tax reforms work more strongly at the ZLB, but
that the estimates do not support the prediction that tax reforms become contractionary
when monetary policy is constrained.
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6 Relation to Cloyne et al.’s Robustness Checks

The robustness checks in this paper focus on the parts of the analysis which are changed
relative to Cloyne et al. (2025). These are the LP specification, the corrected LP imple-
mentation, the ZLB classification, the HAC bandwidth rule, the bootstrap block length,
and the influence of selected large reforms. The results of these checks are summarised in
Section 5.6, while the corresponding figures are reported in Appendix A.3. The full HAC
and bootstrap interval tables are reported in Appendix A.6.
Some robustness checks in Cloyne et al. (2025) are discussed rather than reproduced
because they concern the construction and timing of the narrative tax reform series itself.
Since the present paper uses their constructed narrative series, these checks are not the
main object of the analysis. For example, Cloyne et al. (2025) show that their results
are robust when the sample is restricted to tax changes implemented within 90 days
of announcement. This addresses the concern that anticipated reforms may affect the
economy before the implementation date. They also show that their results are robust
when tax shocks close to quantitative easing episodes are excluded from the post-2010
period, where unconventional monetary policy could otherwise make the interpretation
less clean.

Cloyne et al. (2025) also report additional robustness checks which are not repeated one
by one here. These include alternative ZLB-window definitions, alternative historical ZLB
episode definitions, different lag and control sets, different spending control choices, alter-
native tax shock series, a skipped sample comparison, and comparisons between smoothed
and raw responses. Some of these are covered in a related way in this paper, for example
through the ZLB-definition check, the lag choice check, the spending control diagnostic,
and the smoothed response appendix. However, the exact robustness grid from Cloyne et
al. (2025) is not repeated here. This is because the contribution of this paper is different.
The aim is not to rebuild every robustness exercise around the original narrative series,
but to test whether the positive ZLB response remains visible when the LP construction,
corrected-LP specification, and inference method are changed.
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7 Conclusion

This paper set out to ask whether tax reforms intended to reduce tax liabilities still in-
crease output when monetary policy is constrained by the ZLB. The theoretical motivation
comes from the New Keynesian prediction that some distortionary tax cuts can become
contractionary at the ZLB (Eggertsson, 2011). The empirical starting point is Cloyne
et al. (2025), who find that tax cuts remain expansionary both at and away from the
ZLB. The contribution here is to test whether this conclusion remains visible when the
LP specification, corrected-LP construction, and inference method are changed.
The main cumulative change results do not support the contractionary ZLB prediction. A
tax reform intended to reduce tax liabilities by one percent of GDP is followed by a positive
estimated GDP response in the ZLB regime. This remains true for the regular cumulative
change LP and for both corrected cumulative change LPs at the selected horizons. The
corrected LPs change the timing and size of the response, especially at later horizons,
but they do not turn the main ZLB cumulative change response negative. A separate
result is that the dependent variable transformation changes the interpretation. Consistent
with the discussion in Section 3.4, the cumulative change LP gives the clearest positive
ZLB response, while the level LP is much less stable and becomes negative at some later
horizons.
The results should still be interpreted with caution. The bootstrap intervals show that the
longer horizon cumulative change estimates are not always estimated very precisely. The
positive ZLB response is therefore easier to defend horizon by horizon than as a jointly
significant full response path over all horizons.
The results also do not show clear evidence that tax reforms work more strongly in the ZLB
state than in non-ZLB periods. The ZLB minus non-ZLB difference is often positive in the
cumulative change specification, but the confidence intervals for this difference generally
include zero. The main conclusion is therefore that the estimates do not suggest that tax
reforms become contractionary when monetary policy is constrained. They also do not
provide strong evidence that the ZLB response is statistically larger than the non-ZLB
response.
The results are close to Cloyne et al. (2025), but with a more cautious interpretation.
Tax reforms appear able to support output at the ZLB in the main cumulative change
specification, but the strength of the evidence depends on the dependent variable choice
and on the inference method. The cumulative change specification gives the clearest
positive result, while the level LP and bootstrap inference make the final interpretation
more cautious.
There are also several limitations. The ZLB sample is small and comes from separate
historical episodes, making the estimates sensitive to individual reforms and to the exact
ZLB definition. The narrative tax reform variable is sparse since most quarters contain
no tax reform. This is expected for a narrative reform series, but it means that the tax
reform coefficient is identified from a smaller number of non-zero reform observations.

50



As a result, the estimate can be less precise and more sensitive to individual reform
quarters. The narrative tax reform series is taken from Cloyne et al. (2025). Their
identification argument is that reforms classified as exogenous are not motivated by current
or expected short run macroeconomic conditions, and they support this with Granger-
style predictability tests. This paper therefore inherits their identifying assumption. The
assumption remains imperfect however, since some reforms may still have been chosen
using information about future economic conditions which is not captured by the included
controls. If that information also affects future GDP, the reform variable could still be
correlated with the remaining GDP disturbance. The narrative reform variable may also
contain measurement or classification error, since both the intended revenue size and
the motivation of historical reforms are constructed from policy records. The identifying
assumption does not require the measure to be perfect, but it does require that this
error is not systematically related to the remaining GDP disturbances after the controls
are included (Stock and Watson, 2018). The corrected LPs are also implemented as
Lusompa-style and future-residual-control adaptations, rather than as exact replications
of the original theoretical estimators.
Several extensions follow from these limitations. The remaining endogeneity concern could
be studied more directly, for example with an LP-IV setup. A further specification check
would be to include deterministic trends or other low frequency controls. The main speci-
fications follow Cloyne et al. (2025), but the sample is long and real GDP trends strongly
upward over this period, so it would be useful to check whether the results are sensitive
to adding a trend. Bootstrap procedures developed more directly for fixed regressor LP
applications would also be useful, since the bootstrap intervals are especially relevant for
the late horizon interpretation. An iterated or double bootstrap could be used to check
whether the studentised bootstrap distribution itself behaves well in this finite sample
(Hall, 1992). Another extension would be to allow for structural breaks or time varying
parameters. The sample covers 1920Q1 to 2019Q4 and the ZLB observations come from
historically different episodes, so this would test whether the estimated ZLB response is
really comparable between the interwar lower bound period and the post-2008 lower bound
period. Bias corrected LP estimators could also be considered, since persistence and finite
sample behaviour remain important concerns in this paper (Herbst and Johannsen, 2021).
A related extension would be to apply the corrected LPs to the leave-one-reform-out exer-
cise, since the current influence check is applied to the regular LP, as discussed in Section
5.6.
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A Additional Tables and Figures

A.1 Smoothed Response for Comparison with the Original Paper

The main results use the unsmoothed horizon specific LP estimates. A smoothed version of
the regular cumulative change response is only included for comparison with the graphical
presentation in Cloyne et al. (2025). It is therefore used as a visual comparison and not
as the basis for the main inference.
The smoothing is applied after the horizon specific LP coefficients have been estimated.
The dependent variable is not smoothed before estimation. For the interior horizons, the
smoothed response is:

β̄h = β̂h−1 + β̂h + β̂h+1
3 , h = 1, . . . , 11. (43)

The endpoints h = 0 and h = 12 are left unchanged. The smoothed line should therefore
be read only as a presentation device. It is not a separately estimated LP response. The
unsmoothed confidence intervals are also not simply averaged, since confidence intervals
for a smoothed response would require the covariance between coefficients estimated at
different horizons.

Figure 10: Smoothed regular cumulative change LP response, included for visual compar-
ison with the graphical presentation in Cloyne et al. (2025).

Figure 10 shows the same general positive cumulative change pattern as the unsmoothed
estimates. The empirical conclusions in the main text remain based on the unsmoothed
responses.
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A.2 Autocorrelation of LP Variables

Figure 11 shows the autocorrelation of the main variables used in the LP analysis. This
figure is placed in the appendix because the main data section only needs the persistence
point to motivate lagged controls and HAC/Newey-West inference.

Figure 11: Autocorrelation of the main variables used in the LP analysis. The macroeco-
nomic variables and Bank Rate are highly persistent, while the narrative reform variables
are much less persistent.

A.3 Robustness Figures

This appendix reports robustness figures which support the results section. They are kept
in the appendix because they do not change the central result, but they show how sensitive
the cumulative change response is to implementation choices.
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A.3.1 Lag Choice

Figure 12: Lag choice robustness for the regular cumulative change LP. The four-lag
baseline is compared with the AIC-selected lag specification.

Figure 12 shows that changing the lag length affects the size of the response, especially in
the ZLB sample. However, it does not remove the positive cumulative change pattern. This
supports using the four-lag specification as the replication baseline, while still checking a
data dependent alternative.
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A.3.2 ZLB Definition

Figure 13: ZLB-definition robustness for the regular cumulative change LP. The sustained
four-quarter baseline is compared with alternative ZLB classifications.

Figure 13 shows that the ZLB estimates are sensitive to the exact regime definition, which
is expected given the small number of ZLB observations. The supplied Regime0 classi-
fication gives the same response as the previous-quarter-only definition and is therefore
hidden behind that line. This supports using the manually reconstructed sustained-ZLB
indicator in the main analysis, while keeping Regime0 as a robustness check.
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A.3.3 Leave-One-Reform-Out

Figure 14: Leave-one-reform-out robustness check. The black line shows the baseline
regular LP estimate. Each coloured line sets one selected large narrative tax reform to
zero while keeping the rest of the sample unchanged.

Figure 14 shows the leave-one-reform-out exercise. The black line gives the baseline regu-
lar LP estimate, while each coloured line shows the result after setting one selected large
narrative tax reform to zero. The observation itself is not deleted, meaning that GDP,
the macroeconomic controls, the spending reform, and the ZLB classification remain un-
changed. Only the tax reform value at that date is removed from the tax reform series.
For the cumulative change LP, the ZLB response remains positive across all selected hori-
zons after each reform is removed. This suggests that the positive cumulative change ZLB
pattern is not driven by one single large reform. The level LP remains less stable, which
is consistent with the main results.
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A.4 Spending-Control Interaction Diagnostic

Figure 15: Maximum leverage when the spending reform control is interacted with the
ZLB regime.

Figure 15 shows why the preferred specification uses one common spending reform coeffi-
cient. When the spending reform is interacted with the ZLB regime, maximum leverage
becomes very high around horizons 5 to 7 and reaches one at horizon 7. From horizon 8
onward, the non-ZLB spending interaction has no variation and must be removed. This
makes the fully interacted spending-control version too fragile to use as the main specifi-
cation.

A.5 Bootstrap Block Length

The baseline bootstrap uses a block length of seven quarters. Figure 16 compares this
baseline with block lengths of four and twelve quarters. The purpose is to check whether
the bootstrap intervals depend strongly on one specific block length choice.
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Figure 16: Symmetric pointwise bootstrap-t intervals for the cumulative change LP under
alternative block lengths.

The intervals become wider or narrower at some horizons when the block length changes.
However, the overall pattern is similar across the three choices. The cumulative change
ZLB estimates remain positive at the selected horizons, while the intervals become wide
enough at later horizons that the response is not estimated very precisely.
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Figure 17: Symmetric pointwise bootstrap-t intervals for the ZLB minus non-ZLB response
difference under alternative block lengths.

Figure 17 shows the same check for the ZLB minus non-ZLB difference. The regime
difference remains sensitive to the block length and the intervals include zero at the selected
horizons. This supports the main interpretation that the ZLB response is not shown to
be statistically larger than the non-ZLB response.

A.6 Complete HAC and Bootstrap Interval Tables

The main text reports selected horizons to keep the discussion readable. Tables 9 to
14 report the full pointwise HAC and symmetric bootstrap-t intervals for every horizon,
specification, estimator, and regime. These tables are included for completeness and re-
producibility.
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Table 9: Full Interval Table: Level LP, Regular LP
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.45 [-0.08, 0.98] [-0.12, 1.02] 0.87 [0.13, 1.61] [-0.13, 1.88]
1 0.72 [-0.14, 1.59] [0.02, 1.42] 1.61 [0.49, 2.72] [0.07, 3.14]
2 1.10 [0.33, 1.87] [0.68, 1.51] 0.90 [-0.44, 2.24] [-0.69, 2.48]
3 1.32 [0.21, 2.43] [0.59, 2.04] -0.01 [-1.71, 1.69] [-1.76, 1.74]
4 1.04 [-0.17, 2.25] [0.46, 1.61] -0.38 [-2.16, 1.39] [-1.95, 1.18]
5 0.66 [-0.71, 2.03] [-0.22, 1.53] 1.22 [-0.49, 2.92] [-0.88, 3.31]
6 1.18 [-0.04, 2.39] [0.54, 1.82] 1.28 [0.10, 2.45] [0.02, 2.54]
7 1.22 [0.06, 2.39] [0.71, 1.74] 1.15 [-0.44, 2.73] [-0.68, 2.97]
8 1.16 [-0.22, 2.55] [0.59, 1.74] -0.25 [-2.57, 2.07] [-3.32, 2.82]
9 1.75 [0.33, 3.18] [0.68, 2.83] 0.71 [-1.09, 2.51] [-0.97, 2.39]
10 2.04 [0.42, 3.66] [1.04, 3.03] 0.35 [-1.87, 2.57] [-1.53, 2.23]
11 1.74 [0.14, 3.34] [1.01, 2.47] 1.08 [-0.75, 2.91] [-0.55, 2.71]
12 0.52 [-1.13, 2.17] [-0.77, 1.81] -0.50 [-2.41, 1.40] [-3.40, 2.39]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.

Table 10: Full Interval Table: Level LP, Lusompa-style corrected LHS
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.45 [-0.08, 0.98] [-0.12, 1.02] 0.87 [0.13, 1.61] [-0.13, 1.88]
1 0.72 [-0.14, 1.59] [0.02, 1.42] 1.61 [0.49, 2.72] [0.07, 3.14]
2 0.94 [0.28, 1.60] [0.49, 1.39] 0.34 [-0.67, 1.35] [-1.25, 1.92]
3 1.28 [0.12, 2.43] [0.47, 2.08] 0.10 [-1.29, 1.49] [-1.30, 1.50]
4 1.15 [0.25, 2.05] [0.76, 1.54] 0.29 [-1.13, 1.70] [-1.42, 1.99]
5 0.89 [0.16, 1.61] [0.55, 1.23] 1.58 [0.01, 3.16] [-0.71, 3.87]
6 1.82 [1.11, 2.54] [1.14, 2.51] 0.19 [-0.53, 0.91] [-0.88, 1.27]
7 1.55 [0.67, 2.43] [0.99, 2.11] 0.70 [-0.84, 2.25] [-1.07, 2.48]
8 1.40 [0.50, 2.30] [1.04, 1.76] -0.56 [-2.06, 0.93] [-2.78, 1.66]
9 2.09 [1.03, 3.15] [1.09, 3.09] 0.97 [-1.49, 3.43] [-1.64, 3.57]
10 1.74 [0.32, 3.16] [1.18, 2.30] 0.18 [-1.74, 2.09] [-1.50, 1.85]
11 1.06 [0.16, 1.95] [0.31, 1.80] 0.56 [-0.31, 1.43] [-0.20, 1.32]
12 0.17 [-0.81, 1.16] [-0.78, 1.13] -0.94 [-2.57, 0.69] [-3.85, 1.97]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.

Table 11: Full Interval Table: Level LP, Future-residual control LP
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.45 [-0.08, 0.98] [-0.12, 1.02] 0.87 [0.13, 1.61] [-0.13, 1.88]
1 0.72 [-0.14, 1.59] [0.02, 1.42] 1.61 [0.49, 2.72] [0.07, 3.14]
2 0.96 [0.28, 1.63] [0.51, 1.40] 0.40 [-0.69, 1.49] [-1.22, 2.03]
3 1.28 [0.10, 2.47] [0.47, 2.10] 0.13 [-1.27, 1.53] [-1.25, 1.51]
4 1.17 [0.27, 2.07] [0.78, 1.56] 0.23 [-1.14, 1.59] [-1.36, 1.81]
5 0.89 [0.15, 1.63] [0.54, 1.23] 1.47 [-0.11, 3.05] [-0.72, 3.65]
6 1.86 [1.13, 2.59] [1.13, 2.59] 0.03 [-0.89, 0.94] [-1.41, 1.46]
7 1.42 [0.60, 2.24] [0.96, 1.87] 0.96 [-0.76, 2.68] [-0.84, 2.76]
8 1.32 [0.45, 2.20] [0.98, 1.67] -0.43 [-1.95, 1.09] [-2.49, 1.62]
9 2.02 [1.02, 3.01] [1.10, 2.93] 1.07 [-1.29, 3.43] [-1.37, 3.51]
10 1.50 [0.26, 2.74] [1.01, 1.98] 0.04 [-2.12, 2.20] [-1.90, 1.98]
11 0.82 [0.04, 1.60] [0.03, 1.61] 0.76 [-0.05, 1.58] [0.03, 1.50]
12 0.10 [-0.91, 1.10] [-0.94, 1.13] -0.99 [-2.90, 0.93] [-3.90, 1.93]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.
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Table 12: Full Interval Table: Cumulative change LP, Regular LP
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.51 [-0.06, 1.07] [-0.11, 1.13] 1.13 [0.69, 1.56] [0.32, 1.94]
1 0.52 [-0.17, 1.22] [-0.28, 1.33] 1.79 [0.94, 2.63] [0.28, 3.29]
2 1.22 [0.21, 2.22] [0.16, 2.27] 1.40 [0.39, 2.42] [0.05, 2.75]
3 1.48 [0.16, 2.80] [0.00, 2.96] 1.20 [-0.30, 2.70] [-0.73, 3.14]
4 1.29 [-0.32, 2.89] [-0.64, 3.21] 1.68 [0.39, 2.97] [-0.11, 3.47]
5 1.07 [-0.84, 2.98] [-1.95, 4.09] 3.67 [2.20, 5.15] [0.06, 7.28]
6 1.82 [-0.09, 3.73] [-0.06, 3.70] 3.37 [1.80, 4.94] [-0.37, 7.12]
7 1.98 [-0.04, 4.00] [0.19, 3.77] 3.25 [1.49, 5.00] [-0.52, 7.02]
8 2.14 [-0.13, 4.41] [0.11, 4.17] 2.18 [-0.43, 4.79] [-2.03, 6.38]
9 2.92 [0.51, 5.32] [-1.45, 7.28] 4.67 [2.95, 6.38] [0.18, 9.15]
10 3.31 [0.90, 5.73] [-2.46, 9.09] 4.44 [3.09, 5.79] [0.68, 8.21]
11 3.17 [0.61, 5.74] [-2.12, 8.47] 4.88 [3.61, 6.14] [1.04, 8.72]
12 2.06 [-0.65, 4.76] [-1.00, 5.12] 3.46 [1.55, 5.38] [-0.86, 7.78]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.

Table 13: Full Interval Table: Cumulative change LP, Lusompa-style corrected LHS
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.51 [-0.06, 1.07] [-0.11, 1.13] 1.13 [0.69, 1.56] [0.32, 1.94]
1 0.52 [-0.17, 1.22] [-0.28, 1.33] 1.79 [0.94, 2.63] [0.28, 3.29]
2 1.42 [0.58, 2.25] [0.34, 2.50] 1.00 [0.22, 1.78] [-0.16, 2.17]
3 1.62 [0.55, 2.70] [0.22, 3.02] 1.51 [0.60, 2.42] [0.18, 2.83]
4 1.50 [0.61, 2.39] [0.41, 2.59] 2.40 [1.15, 3.65] [-0.02, 4.82]
5 1.43 [0.59, 2.28] [0.30, 2.57] 3.74 [2.36, 5.11] [0.19, 7.28]
6 2.46 [1.75, 3.17] [1.32, 3.60] 1.65 [0.75, 2.56] [0.39, 2.91]
7 2.18 [1.37, 3.00] [1.19, 3.18] 2.07 [1.08, 3.07] [0.66, 3.48]
8 2.19 [1.30, 3.09] [1.15, 3.24] 1.43 [0.11, 2.75] [-0.36, 3.23]
9 2.92 [1.92, 3.92] [0.74, 5.10] 4.35 [1.87, 6.84] [-1.92, 10.63]
10 2.59 [1.36, 3.82] [0.45, 4.73] 2.63 [1.41, 3.85] [0.42, 4.84]
11 2.00 [1.07, 2.94] [1.01, 3.00] 2.70 [1.89, 3.50] [1.27, 4.12]
12 1.07 [0.06, 2.07] [-0.58, 2.71] 1.54 [0.22, 2.86] [-0.35, 3.43]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.

Table 14: Full Interval Table: Cumulative change LP, Future-residual control LP
Horizon non-ZLB IRF non-ZLB HAC CI non-ZLB bootstrap CI ZLB IRF ZLB HAC CI ZLB bootstrap CI

0 0.51 [-0.06, 1.07] [-0.11, 1.13] 1.13 [0.69, 1.56] [0.32, 1.94]
1 0.52 [-0.17, 1.22] [-0.28, 1.33] 1.79 [0.94, 2.63] [0.28, 3.29]
2 1.46 [0.65, 2.27] [0.36, 2.55] 0.93 [0.20, 1.66] [-0.22, 2.08]
3 1.59 [0.48, 2.70] [0.09, 3.09] 1.73 [0.85, 2.62] [0.35, 3.12]
4 1.52 [0.56, 2.48] [0.37, 2.67] 2.44 [0.70, 4.18] [-0.64, 5.52]
5 1.46 [0.65, 2.27] [0.35, 2.57] 3.60 [2.20, 5.00] [0.11, 7.09]
6 2.53 [1.82, 3.24] [1.32, 3.73] 1.31 [0.16, 2.47] [-0.21, 2.83]
7 1.99 [1.20, 2.77] [1.14, 2.84] 2.47 [1.26, 3.69] [0.53, 4.42]
8 2.10 [1.26, 2.93] [1.17, 3.02] 1.75 [0.45, 3.05] [-0.07, 3.57]
9 2.88 [1.88, 3.88] [0.74, 5.03] 4.54 [1.90, 7.18] [-2.23, 11.31]
10 2.37 [1.26, 3.48] [0.77, 3.96] 2.05 [0.43, 3.67] [-0.34, 4.45]
11 1.72 [0.96, 2.48] [0.80, 2.64] 2.66 [1.55, 3.78] [0.84, 4.49]
12 1.04 [0.05, 2.03] [-0.59, 2.66] 1.46 [-0.19, 3.11] [-0.79, 3.71]

Note: HAC CI refers to the pointwise 90 percent HAC/Newey-West interval. Bootstrap CI refers to the
pointwise 90 percent symmetric bootstrap-t interval.
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A.7 Simultaneous Bootstrap Bands

The main text reports symmetric pointwise bootstrap intervals, meaning that uncertainty
is assessed horizon by horizon. A stronger check is to construct simultaneous sup-t bands,
which ask whether the complete response path from h = 0 to h = 12 is covered jointly.

Figure 18: Comparison between symmetric pointwise bootstrap intervals and simultaneous
sup-t bootstrap bands.

Figure 18 compares the symmetric pointwise bootstrap intervals with simultaneous sup-
t bands. The simultaneous sup-t bands are much wider than the pointwise bootstrap
intervals. In most specifications the simultaneous bands include zero over the full response
horizon, even when some pointwise intervals exclude zero. This means that the response
can be statistically different from zero at selected horizons, but the complete impulse
response path is not shown to be jointly different from zero at the 10 percent level.
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Figure 19: Bootstrap inference for the ZLB minus non-ZLB response difference. The figure
compares HAC intervals, symmetric pointwise bootstrap intervals, and simultaneous sup-t
bands.

The ZLB minus non-ZLB difference at horizon h is defined as:

d̂h = β̂Z
h − β̂N

h . (44)

Since both coefficients are estimated inside the same joint regression, the standard error
of the difference uses the covariance between the two coefficients:

ŜE(d̂h) =
√

V̂ ar(β̂Z
h ) + V̂ ar(β̂N

h ) − 2Ĉov(β̂Z
h , β̂N

h ). (45)

This means that the confidence interval for the difference is not obtained by simply sub-
tracting the separate ZLB and non-ZLB confidence intervals.
The same conclusion applies to the ZLB minus non-ZLB difference, namely that the si-
multaneous bootstrap bands for the regime difference include zero across the response
path. This supports the interpretation that the ZLB response should not be treated as
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statistically larger than the non-ZLB response.
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