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Abstract

Do consumption and income tax changes affect economic aggregates differently? We answer

this question by estimating structural VARs, where we proxy the latent tax shocks with a

newly constructed narrative account of income and consumption tax liability changes in the

United Kingdom. We find that income tax shocks have large short run effects on GDP, private

consumption and investment. The implied income tax present-value multiplier is around 2.7.

The effects of consumption tax cuts are modest and not statistically different from zero

on GDP and investment and only marginally expansionary on private consumption. These

results indicate that i) it is crucial to distinguish between direct and indirect taxation when

studying the transmission mechanism of fiscal policy, and ii) consistent with conventional

public finance theories, consumption taxes are less distortive than income taxes.
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1 Introduction

Do consumption and income taxes affect economic aggregates such as income, private

consumption and investment differently? The answer to this age-old question is central

for the setting of economic policy and its role in pursuing economic efficiency and growth.

Conventional public finance theories argue that consumption taxes are less distortive than

income taxes.1 Consequently, i) income tax multipliers are larger than consumption tax

multipliers (e.g. Fernández-Villaverde, 2010) and ii) shifting the burden of taxation from

income to consumption is expansionary (Coleman, 2000; Altig, Auerbach, Koltikoff, Smet-

ters, and Walliser, 2001; and Correia, 2010 amongst others). However, despite consider-

able research in the theoretical literature, little is known from an empirical perspective

about the joint aggregate effects of changes in income taxes as opposed to changes in con-

sumption taxes. Our main contribution consists in estimating these effects by adopting a

structural time-series approach with UK data over the period 1973-2009.

We find that unexpected changes in average income tax (AIT), defined as an aggregate

of personal and corporate taxes, have large short run effects on Gross Domestic Product

(GDP), and its private expenditure components. A percentage point cut in AIT raises

GDP by 0.9 percent on impact and leads to a maximal present-value multiplier of 2.7. We

also show that AIT cuts ‘starve the beast’, i.e. government spending shrinks in response to

income tax decreases. Differently, the effects of cuts in average consumption tax (ACT),

e.g. VAT and consumption duties, are modest and not significantly different than zero

on GDP, investment, and government spending and only marginally expansionary on

private consumption. Furthermore, we find that revenue neutral policies that increase

consumption taxes and decrease income taxes, have a short but significant expansionary

effect on GDP. To the best of our knowledge, our paper represents the first empirical

exercise corroborating the results emerging from the theoretical literature on the effects

of consumption and income taxes.

On the policy side, our findings support the fiscal reforms and the ongoing proposals

aimed to shift the burden of taxation from income to consumption. During the period

1979-1996, the UK government legislated several fiscal policy changes where cuts of income

based taxation were coupled with increases in consumption taxation. In 2011, China

1A key argument can be traced back to Diamond and Mirrlees (1971) production efficiency theorem: in
the absence of externalities and non-competitive behaviour, a necessary feature of an optimal tax system
is that production decisions are left undistorted. The intuition is simply that any distortion of production
decisions reduces aggregate output, which cannot be wise so long as there is some useful purpose to which
that output could be put. This is a key reason for which consumption taxes are less distortive than taxes
that impact intermediate goods transactions such as capital and labour income taxes.
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started the implementation of its biggest tax reform since 1994, aimed to replace the

income based Business Tax with a Value Added Tax (see Cui, 2014). In the US, there

have been recent proposals to replace part of Federal Business Tax with a broad based

Federal Consumption Tax.2 Overall, most OECD countries have shifted their tax mix

from income to consumption taxation during the last four decades (see OECD, 2014).

Measuring the effects of a tax change is particularly challenging for (at least) two

reasons. First of all, there is a well known problem of endogeneity, as fiscal policy is

rarely the result of random experimentation. Tax changes are likely to contemporaneously

affect various expenditure components of GDP. At the same time, tax changes are also

contemporaneously driven by GDP and its components. Second, distinct tax instruments

are likely to affect the economy through separate channels, and hence lead to important

differences in the transmission mechanism of fiscal policy. Partly due to these difficulties,

existing empirical estimates of tax multipliers vary greatly from almost insignificant to

very large.

Most of the literature deals with the problem of endogeneity by either constructing

narrative measures of exogenous policy changes, e.g. Romer and Romer (2010) and Cloyne

(2013), or by imposing on a structural vector autoregression model (SVAR) a number of

identifying restrictions, e.g. Blanchard and Perotti (2002), Mountford and Uhlig (2009)

and Caldara and Kamps (2012). The former method has the advantage of presenting rich

information set behind the narrative accounts. However it may suffer from measurement

errors and arbitrary judgements regarding the precise nature of the policy decisions. The

latter method, on the other hand, has the advantage of giving parsimonious identification

of the shock transmission mechanism but at the cost of parameter restrictions that are

often questionable.

We adopt a third, more recent econometric technique that takes advantage of the desir-

able features of both the narrative accounting and the structural VARs. The idea behind

this method is to use the narratively identified exogenous policy changes as instruments

or ‘proxies’ for the true policy shocks in a structural VAR fashion, i.e. ‘Proxy-SVAR’,

see Stock and Watson (2012) and Mertens and Ravn (2013, 2014). The crucial point

of this identification strategy consists in assuming that narrative measures of exogenous

policy changes correlate with latent tax shocks but are orthogonal to other structural

2For example, in January 2005, the US President George W. Bush commissioned a panel to propose a
comprehensive reform to the tax code (President’s Advisory Panel on Federal Tax Reform, 2005, available
at http://govinfo.library.unt.edu/taxreformpanel/index-2.html). The panel considered replac-
ing the entire income-tax system with a national sales tax. However, the complexity of replacing the
current tax regime with a broad-based consumption tax and disagreement among panel members regard-
ing the effects of such a reform inhibited its adoption.
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shocks. Hence, this approach uses the information provided by narrative datasets but

it is robust to potential measurement errors as it does not require perfect correlation

between the narrative measures and the latent structural tax shocks. At the same time,

it avoids any identifying assumption or prior for the key structural elasticities. In turn,

these elasticities are directly estimated within the econometric model. Given the scarcity

of prior empirical studies on the dynamic effects of consumption tax changes as opposed

to income tax changes, these features of the ‘Proxy-SVAR’ make it particularly appealing

for our research question.

We present a novel narrative measure of consumption and income tax shocks for

the UK. Our dataset is constructed by using Cloyne (2013)’s account of the changes

in total tax liabilities which we disaggregate into changes in consumption (VAT and

other consumption duties) and income (personal and corporate) tax liabilities. We only

use tax changes that Cloyne (2013) classifies as ‘exogenous’, i.e. decisions that were

taken for reasons uncorrelated with macroeconomic conditions. Then we show that our

narrative dataset contains valuable information about the latent structural tax shocks and

is exogenous to the remaining structural shocks. Finally, we use these narrative measures

of exogenous AIT and ACT changes as proxy for the latent structural tax shocks in a

SVAR model.

The literature has mainly studied the effects of aggregate tax shocks, e.g. Blanchard

and Perotti (2002), Mountford and Uhlig (2009), Romer and Romer (2010) and Favero

and Giavazzi (2012). Nevertheless, as we show here, distinct tax components are likely

to affect the economy through separate channels, and hence lead to important differences

in the transmission mechanism of fiscal policy. These insights are generally missed in

analyses with aggregate tax shocks. In principle, one would like to study the effects of

changes in very narrowly defined tax components but there are practical limits to the level

of disaggregation given by data availability. Mertens and Ravn (2013) analyse separately

the impact of exogenous personal vs. corporate tax changes in the US economy and find

major differences in the transmission mechanism of these two shocks. However their focus

regards two homogeneous tax categories of income, i.e. both personal and corporate taxes

are part of direct taxation. Differently, we concentrate on the comparison between direct

(AIT) and indirect (ATC) taxation. To this end, the UK represents the ideal country

of study, as consumption taxation represents, on average, around 30 percent of total tax

revenues, while income tax accounts for around the 50 percent of total tax revenues.

Regarding income taxes, Cloyne and Surico (2016) analyse the impact of exogenous

tax changes in labour income in the UK, using narrative changes in this tax component
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and micro-data on British households. They find important heterogeneous effects when

households are grouped by housing tenure, with the mortgagors exhibiting the largest

and most significant response to fiscal policy shocks. Barro and Redlick (2011) use a

narrative dataset on changes in the average marginal income tax (rather than, as here, on

the average income tax rate) for the US and find tax multipliers slightly larger than one.

Mertens (2015) estimates the dynamic effects of exogenous marginal tax rate changes on

income in the US and finds large effects in the top 1 percent of the income distribution

as well as in other income percentile brackets and for macroeconomic aggregates such as

GDP. Zidar (2015) finds that the positive relationship between tax cuts and employment

growth is largely driven by tax cuts for lower-income groups and that the effect of tax

cuts for the top 10 percent on employment growth is small. While distributional issues

of fiscal policy are beyond the scope of the current paper, our novel dataset can be used

for these type of research questions. We believe this is an interesting avenue for future

research.3

Most of the empirical literature on consumption taxation studies specific episodes of

tax changes, such as the 1997 VAT hike in Japan (Cashin and Unayama, 2016) or the 2008

VAT cut in the UK (Blundell, 2009), and therefore it cannot be directly compared with our

paper. A notable exception can be found in Riera-Crichton, Vegh, and Vuletin (2016), who

adopt a narrative approach to estimate the effects of VAT changes for fiscal consolidation

purposes in a panel of 14 countries and find that shocks in this tax component have a large

and significant expansionary effect on GDP. There are at least two reasons that can explain

the difference between our and their results. First of all, our dataset includes many other

tax changes, not just deficit measures. Secondly, and perhaps more importantly, Riera-

Crichton, Vegh, and Vuletin (2016) analysis comprises only of VAT changes, thus they do

not control for potential contemporaneous changes in other tax components. We show that

we can obtain large ACT multipliers when we ignore the observed correlation between

consumption and income tax changes. This finding is not surprising as movements in

consumption and income taxes happens in the same quarter or in the same fiscal year.

Therefore we conclude that controlling for the simultaneous changes in income taxes is

crucial for a correct evaluation of the transmission mechanism of consumption taxation.

The rest of this paper is organised as follows. Section 2 describes the econometric

identification of our ‘Proxy-SVAR’. Section 3 presents our narrative measure of AIT and

ACT policy changes. Section 4 describes our results. Finally Section 5 concludes.

3There is rich theoretical literature on the redistributive effects of consumption and income taxes, e.g.
Krusell, Quadrini, and Ŕıos-Rull (1996), Nishiyama and Smetters (2005) and Correia (2010).

5



2 The Econometric Model

First proposed by Stock and Watson (2012) and Mertens and Ravn (2013, 2014), our

econometric methodology consists of using the narrative measure of tax changes as ‘in-

strument’ or ‘proxy’ to identify the latent structural policy shocks in the VAR model, i.e.

‘Proxy SVAR’. In what follows, we briefly describe this methodology. We postulate that

our n ‘observables’ Xt follow the dynamic vector autoregressive model of order P ,

Xt =
P∑
i=1

βiXt−i + Γεt, with i = 1, 2, ..., P (1)

where βi are the n × n matrix of coefficients and Γ is a n × n non-singular matrix of

coefficients. The term εt represents the n×1 vector of structural shocks which are assumed

to satisfy the following conditions: i) E (εt) = 0; ii) E (εtε
′
t) = In, with In being the

identity matrix of size n; and iii) E (εjεk) = 0 ∀j 6= k. Deterministic terms and exogenous

regressors are omitted from (1) for notational brevity.

As with other SVAR models, the estimation of structural shocks εt requires the im-

position of identifying assumptions on Γ. To illustrate this point, let µt denote the

reduced-form residuals from (1). These residuals are related to the structural shocks by

µt = Γεt. (2)

It is straightforward to obtain the estimates of E (µtµ
′
t), the covariance matrix of µt, via,

for instance, Ordinary Least Square method. Given that, by construction, εt = Γ−1µt, we

can obtain n(n+1)
2

identifying restrictions from E (µtµ
′
t) = Σµµ′ = ΓΓ′.4 However we need

more restrictions in order to fully identify the elements of at least one of the columns of

Γ. Popular methods adopted in order to fulfil this objective include the policy reaction

lags and institutional features as in Blanchard and Perotti (2002), or the theory-based

sign restrictions as in Mountford and Uhlig (2009).

Differently, we use the information from the narrative dataset to obtain co-variance

restrictions for the structural shocks. First, we partition the vector of structural shocks

as εt =

[
ε1,t
ε2,t

]
, where ε1,t is a m × 1 vector of the structural shocks of study, while ε2,t of

size (n−m) × 1, represents all the other structural shocks. Second, let qt be a m × 1

vector of proxies which is assumed to have zero mean, without any loss of generality. More

importantly, in order to use it for the identification of Γ, qt needs to satisfy the following

two conditions:

E(qtε2,t) = 0, (3)

4The number of restrictions follows from the fact that any covariance matrix is symmetric about the
diagonal.
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E(qtε1,t) = Ψ. (4)

These conditions imply that the ‘proxies’ are correlated with m structural shocks of inter-

est by a m×m non-singular matrix of unknown coefficients Ψ, but they are uncorrelated

with the other (n −m) structural shocks. Under an alternative perspective, (3) and (4)

can be viewed as instrument validity conditions. When these conditions hold, the ‘proxy’

variables can be used to identify the latent structural shocks. Then, we can partition the

matrix Γ as

Γ =

 γ1︸︷︷︸
n×m

γ2︸︷︷︸
n×(n−m)

 , γ1 =

 γ′11︸︷︷︸
m×m

γ′21︸︷︷︸
m×(n−m)


′

, γ2 =

 γ′12︸︷︷︸
(n−m)×m

γ′22︸︷︷︸
(n−m)×(n−m)


′

.

with the necessary conditions that γ11 and γ22 are non-singular. From this, it can be

shown that

Ψγ′1 = Σqµ′ . (5)

This last condition provides extra restrictions. However (5) is based on them×m unknown

elements of Ψ. Without any further assumption on Ψ, (5) provides only (n − m)m

identification restrictions. Using the partition Σqµ′ = [Σqµ′1︸︷︷︸
m×m

Σqµ′2︸︷︷︸
m×(n−m)

] and (5), we can

write

γ11 =
(

Σ−1qµ′1
Σqµ′2

)′
γ21. (6)

Because Σ−1qµ′1
Σqµ′2

can be estimated, say, with the two-stage least squares method by

regressing from µ2,t on µ1,t, using qt as instruments for µ1,t, (6) imposes extra covariance

restrictions. Altogether, the ‘Proxy-SVAR’ is estimated using the following steps:

1. Estimate the reduced-form VAR model by OLS.

2. Estimate Σ−1qµ′1
Σqµ′2

by regressing the residuals of the reduced-form VAR on the

proxies.

3. Use (6) to estimate the objects of study.

4. Impose further restrictions when m > 1 and the instruments for structural shocks

ε1,t are correlated with each other.

There are at least two main advantages in adopting this econometric specification.

First of all, it only requires the availability of proxies that comply with (3) and (4) and

does not rely on specific assumptions about the elements of Γ, as typically imposed in

fiscal-SVAR applications, e.g. Blanchard and Perotti (2002). The second advantage of

our estimation technique is that it only requires non-singularity of Ψ. Thus it does not
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necessitate the assumption that narrative shocks correlate perfectly with latent policy

changes, as commonly assumed in the narrative literature, e.g. Romer and Romer (2010).

This last property implies that the ‘Proxy-SVAR’ is robust to several measurement errors

that naturally arise in narrative dataset.

3 A Narrative Account of Income and Consumption

Tax Changes

This paper presents a narrative measure of legislated consumption and income tax liabil-

ity changes in the United Kingdom at quarterly frequency, covering the sample 1973:III-

2009:IV. Our measure of tax changes complements Cloyne (2013)’s dataset by decom-

posing the total tax liabilities changes into the following subcomponents: i) Value-added

tax liabilities (VAT), ii) consumption-related duties tax liabilities (Duties), iii) personal

income tax liabilities (PI), iv) corporate tax liabilities (CI), v) national insurance tax li-

abilities (NIC), vi) petroleum income tax (PetIT) and vii) a residual category with other

revenue changing tax measures (OT).5 We aggregate i) and ii) as consumption taxes,

while we consider the total of iii), iv), v) and vi) as income taxes. Precise categorisation

and grouping are reported in Table 1.6,7

We then classify by motivation each tax change of the subcomponents and retain

only the ‘exogenous’ tax changes, i.e. those uncorrelated with macroeconomic conditions.

This is a fundamental step in order to comply with the identification conditions in (3) and

(4). For this task, we use the classification reported in Cloyne (2013) and its companion

paper Cloyne (2012), supplemented with additional information from the Financial State-

ments and Budget Reports (FSBR), the Pre-Budget documents (from 1997 onwards), the

Budget speech by the Chancellor of the Exchequer and related entries, the minutes of

the British parliament and the total liability effects of each Budget.8 Furthermore, we

5We group in the OT residual category, stamp duties, landfill tax, business rate, aggregate levy,
climate change levy and other minor taxes.

6Cloyne (2012, 2013) provide a narrative accounting from 1945. However available data on consump-
tion tax, in particular VAT revenues, necessary to calculate our measure of ACT, are available only from
1973. Furthermore, we do not distinguish between personal and corporate taxation. This is because pre-
cise data on the fiscal revenues for these two tax categories is not available prior to 1987. It is important
to note that in terms of fiscal revenues, corporation taxes are small compared to personal income taxes.
For example, in 2001 corporation tax revenues account for just a fifth of total income tax receipts.

7We consider NIC as part of income tax. As the Institute for Fiscal Studies (briefing note n. 9, 2009)
explains: ‘The link between the amount contributed and the benefit entitlement, which was once close,
has now almost entirely gone and substantial progress has been made in aligning the NI rate structure
and tax base with those of income tax. Most of this has occurred in the last 25 years’. This covers for
most part of the sample considered here.

8The minutes of the British Parliament can be downloaded at
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Table 1 – Inside Income and Consumption Taxes

Group Sub-category
Income 1. Self assessed income tax.

2. Capital gains tax.
3. National Insurance Contributions.
4. Pay As You Earn (PAYE) Income Tax.
5. Other personal income taxes.
6. Corporation tax.
7. Petroleum revenue tax.
8. Miscellaneous.

Consumption 1. Value Added Tax (VAT).
2. Fuel Duties.
3. Alcohol Duties (from 1993 onwards).
4. Tobacco Duties.
5. Other Duties.

Notes: The category ‘Other personal income taxes’ mainly consists of repayments and those tax credits
recorded as negative taxes plus company IT and TDSI (tax deduction scheme for interest). The category
‘Other duties’ includes: Vehicle excise duties (VED), taxes on betting, gaming, lottery, Camelot payments
to National Lottery (from 1986 onwards), air passenger duty (from 1995 onwards), insurance premium
tax (from 1995 onwards).

discriminate between ‘anticipated’ and ‘non-anticipated’ tax shocks. We classify as ‘non-

anticipated’ all those liability changes that were implemented during one quarter from

their announcement date and retain only these ‘non-anticipated’ exogenous tax changes.

By doing so we avoid possible anticipation effects of tax reforms, see Mertens and Ravn

(2012). Table 2 details the classification method of the legislated tax changes.

We construct a quarterly dataset for each type of tax liability change by assigning

the change in the projected full-year revenue of the corresponding type to the specific

quarter of the implementation date. Counting multiple actions in a given quarter, our

dataset consists of around 60 exogenous, non-anticipated consumption tax changes and

70 exogenous, non-anticipated income tax exogenous changes over the sample. Then we

convert the exogenous series of income and consumption tax liability changes into the

corresponding average tax change as

∆τ i,nt =
(NICt + PIt + CIt + PetITt)

Aggregate Income at Time t
; (7)

∆τ c,nt =
(V ATt +Dutiest)

Aggregate Consumption at Time t-VAT receipts at time t-Duties receipts at time t
,

(8)

where ∆τ i,nt and ∆τ c,nt represent the narrative average tax changes in income and con-

http://hansard.millbanksystems.com/, while total the total liability effects of each Budget are
taken from Cloyne (2012) and www.jamescloyne.webspace.virginmedia.com/data.pdf.
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Table 2 – Classification of different tax changes, Cloyne (2012, 2013).

Group Sub-category Explanation and examples
Endogenous 1. Demand Management (DM) 1.a Targeting the aggregate level of de-

mand e.g. to boost investment, con-
sumption, growth, or curb inflation.
1.b Specific help to households and in-
dividuals by stimulating disposable in-
come.
1.c Dealing with a balance of payments
crisis via demand.

2. Supply Stimulus (SS) 2.a Certain help for businesses during a
downturn (e.g. NIC cut).
2.b Short term sector support (e.g. tar-
geted tax cuts for a sector).

3. Deficit Reduction (DR) 3.a Direct measures to deal with a bud-
get or external deficit.

4. Spending Driven (SD) 4.a Taxes which fund specific spend-
ing commitments contemporaneously
caused.

Exogenous 1. Long-Run performance (LR) 1.a Measures to improve competitive-
ness, productivity, efficiency and long-
run growth (but not taken to offset a
shock).
1.b Simplification and deregulation
measures.
1.c Long-term support for business or
sectors of the economy.

2. Ideological (IL) 2.a Long-term social or political goals,
independent of their effect on perfor-
mance and not to offset current shocks.
2.b Some anti-avoidance measures
(where no other motive is given).

3. External (ET) 3.a Court rulings and enforcement of di-
rectives.

4. Deficit Consolidation (DC) 4.a Measures to lower inherited deficit
for reasons of economic philosophy or
to offset current actions in the future.
4.b Does not include actions forced on
the government, or decisions contempo-
raneous motivated by a current shock.

sumption respectively as fraction of their corresponding contemporaneous tax bases. We

use aggregate income, i.e. the sum of employment income (compensation of employees),

self-employment income (mixed income) and profits (gross operating surplus) as the in-

come tax base.9 Results are virtually identical if we scale the narrative tax changes by

their tax bases at time t − 1 or if we use GDP as income tax base. The variables ∆τ i,nt

and ∆τ c,nt are our ‘proxies’ used to identify the latent structural AIT and ACT shocks.

9Precise description of the data can be found in Appendix A.
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The narrative dataset records changes in tax liabilities for which the historical docu-

ments indicate that they were not explicitly motivated by countercyclical considerations

or in conjunction with spending changes. Of course these changes still occurred with cer-

tain objectives in mind. For example, during the Conservative Party tenure (1979-1996),

the government shifted taxation from income to consumption in order to pursue long-run

efficiency and growth. Therefore it is not surprising that two tax shocks display a nega-

tive (and significant at 95%) correlation of -0.27. Given this correlation, it would not be

appropriate to consider the narrative income (consumption) tax changes as uncorrelated

with exogenous shocks to the consumption (income) tax rate. Indeed, the strong link

between income and consumption taxation pushes for a joint analysis of these two policy

instruments. As we show later, ignoring this correlation radically changes the impulse

response functions of the two tax shocks.

We further construct a measure of average income tax (AIT) and average consumption

tax (ACT) as

AITt =
Total income tax receipts at time t

Aggregate Income at Time t
; (9)

ACTt =
VAT receipts at time t + Duties receipts at time t

Aggregate Consumption at Time t-VAT receipts at time t-Duties receipts at time t
.

(10)

Figure 1 presents the narratively identified policy shocks together with the average

income (AIT) and consumption tax (ACT) rates as in (9) and (10), respectively. Both

tax rates display a considerable variation over the sample under study. This variation

is due to exogenous policy changes expressed in ∆τ c,nt and ∆τ i,nt but reflects also the

endogeneity of average tax rates to macroeconomic conditions, distribution of income,

changes of preferences in consumption et cetera. In particular, the AIT presents a cyclical

pattern over the medium run, varying from almost the 25% in 1974 to as low as 19%

in 1993. Differently, ACT presents a upper trend passing from as low as 9% in 1978 to

around 20% after 1996.

The careful classification of the tax changes provided in Cloyne (2012) (that we com-

plement), should guarantee that ∆τ i,nt and ∆τ c,nt comply with with the exogeneity con-

dition in (3). However, there could still exist cases where some ‘exogenous’ tax changes

were rumoured or trailed prior to their announcements, such as in electoral manifestos,

and macro variables may have responded to those rumours before the changes were of-

ficially implemented, thus leading to a correlation between the policy changes and the

lags of macro variables. In Appendix B we show that this is the case for the policy

changes implemented right after two general elections, in 1979:III and in 1988:II. We

therefore eliminate these two episodes from our narrative account. We then conduct
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Figure 1 – Average tax rates (Left Axis) and narrative shock measures (Right Axis), UK
1973:III-2009:IV.
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Granger causality tests to check whether our resulting narrative measure of tax changes

can be predicted from lagged macro variables such as GDP, consumption, investment and

government spending.10 Table 3 shows that it is not possible to reject the hypothesis that

all the coefficients in the tax equations are zero.11

Table 3 also presents a robustness check where we test whether or not the decision

to act can be forecast from the past observations of macro variables using an ordered

probit regression. As for the previous cases, the test indicate that we cannot reject the

hypothesis of no predictability.

10We use four lags of the series, but results would be identical under different lag structures.
11We also test whether our constructed narrative series are Granger caused by movements in fiscal vari-

ables (government spending, ACT, and AIT), labour variables (wages and unemployment rate), inflation
and monetary variables (interest rate and monetary base). None of these tests rejects the hypothesis of
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Table 3 – Exogeneity tests for ∆τ c,nt and ∆τ i,nt after removing the 1979:III and the 1988:II
episodes.

Series Test statistic p-value
∆τ c,nt

Granger causality (stationary data) 10.06 0.86
Ordered probit 10.11 0.86

∆τ i,nt
Granger causality (stationary data) 10.83 0.82
Ordered probit 14.78 0.55

4 Results

4.1 Benchmark Specification

This section presents the main results of the paper. First we describe our benchmark

econometric model and discuss a number of issues related to the validity of our estimation

technique. Then we present a set of estimated impulse response functions (IRFs) to

average income and consumption tax changes. Finally, we propose a revenue-neutral

policy exercise where negative shocks in income taxes are compensated by positive shocks

in consumption taxes.

Our benchmark econometric specification consists of a VAR with eight variables,

Xt = [ACTt, AITt, ln(Yt), ln(Ct), ln(It), ln(Gt), Rt, ln(Pt)] , (11)

where ACTt, AITt are the average consumption tax and income tax as presented above.

Then, ln(Yt), ln(Ct), ln(It), ln(Gt) are the GDP, private consumption, investment and

government spending respectively. These variables are expressed in logs, real per-capita.

We do not include the income tax base as regressor in (11) as doing so would create

problems of multicollinearity with GDP. Finally, Rt represents the three months treasury

bill rate and ln(Pt) is the (log of) prices.12 All variables are at quarterly frequency and our

sample is 1973:III-2009:IV. Based on the Akaike Information Criterion and the Likelihood

Ratio Test, the lag length in the VAR is set to three. However we have also experimented

with different lags and results do not change, see Appendix C.

Given the observed correlation between the two tax categories, when measuring the

effects of a change in one tax, one needs to control for the endogenous changes in the

other tax. This requires imposing extra identifying assumptions in our ‘Proxy-SVAR’

Granger non-causality of these variables to our narrative tax measures.
12As in Mertens and Ravn (2013), our price index is the Households Consumption Expenditure deflator.

This is the closest measure to the Consumer Prices Index (CPI) which is not available for the full sample.
See Appendix C for results with different definitions of the price index.
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specification. We accomplish this task by adopting a standard Cholesky decomposition.

To illustrate this point, we express the relationship between the VAR residuals of µt and

the structural shocks εt as

µ1,t = %µ2,t +B1ε1,t (12)

µ2,t = ϑµ1,t +B2ε2,t (13)

where µ1,t and ε1,t are the reduced form and structural tax rate innovations, respectively.

The matrices %, ϑ, B1, and B2 hold the structural coefficients that underlie Γ, introduced

in (1). In order to study the response to ε1,t, we require the identification of γ1. This

consists of the first two columns of Γ. By using (2), (12) and (13), we can derive γ1 as

γ1 =

[
I + %(I− ϑ%)−1ϑ

(I− ϑ%)−1ϑ

]
B1. (14)

With the restrictions in (6), the term in the square bracket, γ1B
−1
1 , and the covariance

matrix B1B
′
1 are identified. In particular, we estimate ϑ by using qt as instrument for µ1,t.

Once we obtain an estimation for ϑ, we can use µ2,t − ϑµ1,t as instrument to estimate %.

Finally, the covariance of µ1,t−%µ2,t can be used to estimate B1B
′
1. However the covariance

restrictions are not sufficient to obtain B1. To deal with this issue, we employ a Cholesky

decomposition of B1B
′
1 which results in a lower triangular B1. Accordingly, the orderings

of tax rates in the model could matter. For instance, when the ACT is ordered before

the AIT , a negative one percentage point AIT shock lowers the AIT by one percentage

point but leaves the ACT unchanged in cyclically adjusted terms, after controlling for

contemporaneous response from µ2,t. In contrast, a negative one percentage ACT shock

leads to a change in the AIT through not only feedback from µ2,t but also a direct response

to the ACT shock caused by the correlation between both tax rates except when B1B
′
1 is

diagonal. Our empirical results show that the correlation between the cyclically adjusted

tax rate innovations is 0.07 with 95% confidence bounds [−0.83, 0.75], which implies that

the responses to a specific tax shock are similar independently of the ordering of tax rates

within our ‘Proxy-SVAR’. Therefore for sake of brevity and when not otherwise stated, all

our IRFs show the estimates resulting from ordering that tax rate last, leaving the other

tax rate unchanged in cyclically adjusted terms. Then, the reader can find the estimates

resulting for the alternative ordering of the tax rate of interest in Appendix C.

Our ‘Proxy-SVAR’ specification treats the narrative dataset as imperfect measures of

the latent structural tax shocks. Thus, it produces estimates that are robust to potential

measurement errors, as long as conditions (3) and (4) are satisfied. We discussed condition

(3) in Section (3). In order to deal with condition (4), i.e. how much information contains
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our narrative dataset about the latent structural shocks, we adopt a reliability test as in

Mertens and Ravn (2013, 2014). This test consists in calculating the eigenvalues of the

statistic Ξ as,

Ξ =
1

d
Σ−1qq′Σqµ′1

(
γ11γ

′−1
11

)
Σ′qµ′1 , (15)

where d is the fraction of uncensored observations of qt. The eigenvalues of Ξ can be seen as

measure of reliabilities of the principal components of the uncensored observations in qt. In

our benchmark specification, the eigenvalues of the estimated Ξ matrix are 0.27 and 0.59,

with 95 percent bounds [0.15, 0.39] and [0.41, 0.86]. Therefore the correlations between

the principal components of the narrative policy changes and the latent tax shocks are 0.52

and 0.77. The former number is also the smallest correlation of any linear combination of

the proxy variables. These statistics indicate that the proxies contain valuable information

for the identification of the structural tax shocks and that there is a reasonably strong

connection between the SVAR shocks and historically documented legislative changes

to the tax code. At the same time, the fact that the reliability matrix has eigenvalues

substantially below unity indicates that measurement error is an important concern in

practice. We also calculate the R2 statistics for regressions of the reduced form residuals

of the average tax rates µ1,t on non zero observations of the proxies qt. We find values

of 0.16 and 0.19, which show that the narrative shocks explain a considerable fraction of

the prediction error variance of the average tax rates.

Now we turn our attention to the analysis of the IRFs. We report the point estimates

of the response of the observables in (11) to a 1 percentage point cut in either AIT

or ACT. We also calculate the 90 and 95 percent confidence intervals with a recursive

wild bootstrap, correcting for potential small sample bias, using 10 000 replications, see

Kilian (1998) and Gonçalves and Kilian (2004). We start by exploring the effects of an

unexpected income tax change. Figure 2 shows that a 1 percentage point cut in income

tax implies for the AIT to remain significantly below zero for 5 quarters and then to

slowly return to its long-run mean. The key finding from this exercise is that cuts in

AIT generate large and persistent short-run expansions on total output and its (private)

expenditure components. At the same time, we also find that public spending decreases

significantly in response to a AIT cut. All these variables display a hump-shaped pattern,

as typically found by the empirical macroeconomic literature. GDP increases significantly

on impact by around 0.85 percent (p = 0.002), it peaks at 1.61 percent with 95 percent

bounds [0.69, 3.69] in the fourth quarter after the tax shock and then gradually fades

away. The effect of a AIT cut is significant at 95 (90) percent from the period when

the shock occurs until 7 (8) quarters later, i.e. over a two-year window. Regarding the
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private expenditure components, households final consumption increases by 1.13 percent

on impact (p = 0.005), it reaches its peak at 1.60 percent after 5 quarters, with 95 percent

bounds [0.62, 3.83] and it remains significant both at 95 and 90 percent for more than two

years. This suggests that income tax shocks have a slightly smaller effect on household

consumption than on GDP, although the shape and order of magnitude are remarkably

similar. Private investments display the largest response to income tax shocks: a 1

percentage point cut in AIT generates a contemporaneous increase in investment of 3.93

percent (p = 0.002), with a maximum effect of 5.46 percent one year after the shock, with

95 percent bounds [2.29, 12.57]. The significance of the tax shock on this expenditure

component lasts for 10 quarters.

The expansionary effects of a AIT change on GDP and its private components found in

this paper are broadly consistent with the large short run effects of personal and corporate

tax shocks estimated in Mertens and Ravn (2013). However, any direct comparison with

that paper needs to be taken with caution. First of all, due to data limitation, we

cannot distinguish between changes in personal and corporate income tax and instead

we rely on an aggregate measure of income tax. Nevertheless, it is still important to

stress that, in terms of fiscal revenues, corporate income taxes are much smaller than

personal income taxes. Therefore one could conjecture that the expansionary effects of

our aggregate measure of income tax are mainly driven by movements in personal income

taxes. Secondly, we use a shorter sample in order to have consistent data on fiscal revenues

of different tax components.

Despite the boost in the overall economic activity, tax revenues decrease on impact

by around 4 percent, and they remain significantly below their average for six months.13

This result is somehow expected, as the UK appears to be on the increasing side of the

Laffer Curve for income tax components (a cut in average tax rates implies a decrease

in revenues), see Trabandt and Uhlig (2011, 2012). More surprisingly, public spending

decreases on impact by roughly 4 percent (p ≈ 0) and remains below its average for

several quarters, thus reflecting some sort of fiscal discipline: as the tax revenues decrease

13In order to calculate the response of fiscal revenues to a tax change, we combine the estimated
responses of the specific tax base and tax rate. The formulas for the response of income tax revenue and
consumption tax revenue read as, respectively

t̂r
AIT

t =
ÂIT t

AIT
+ ŷt,

t̂r
ACT

t =
ÂCT t

ACT (1 + ACT + ÂCT t)
+ ĉt,

where x̂t represents the impulse response of xt, lower case letters represent logged variables, and over-lined
variables denote the mean average of the corresponding variable.
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Figure 2 – Benchmark Specification: 1% Cut in Average Income Taxation. Dark and
light shaded areas represent the 90 and 95 percent confidence intervals, respectively.
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so does government consumption. This result is particularly interesting, as the fiscal

policy literature generally finds that aggregate tax cuts do not ‘starve the beast’, i.e.

government spending does not respond to tax changes, e.g. Romer and Romer (2009). It

is important to stress that our narrative account of tax shocks does not include spending-

driven, deficit reduction or countercyclical motivated tax changes. These episodes are

classified as endogenous and their inclusion would likely bias our results either towards or

against a ‘starve the beast’ effect. Differently, here the negative response of government
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spending to income tax cuts is driven by exogenous policy changes that are not made in

response to current macroeconomic conditions or in conjunction with spending changes.

Despite this, there might still be a bias that works in the direction of a ‘starve the beast’

effect: a desire for smaller government. However the motivations of our exogenous tax

changes rarely refer to future adjustments in government spending. Therefore this source

of bias is limited.

Our benchmark econometric specification also controls for a measure of the price level

and for monetary policy. This is important for at least two reasons. First, the sign

of the price level response is indicative of whether the expansionary effects of income

tax cuts are primarily derived from an increase in aggregate demand or in supply of

final goods. Secondly, the response of monetary policy is generally quite important in

shaping the equilibrium effects of fiscal policy, see Leeper (1991) and Woodford (1995),

among others. We find that prices fall on impact, −0.65 percent (p = 0.041), underlying

a possible supply-side effect of tax shocks. Prices increase over time, peaking at 1.97

percent (p = 0.012) 22 quarters after the shock and thus suggesting a demand-side effect

over both the medium and long-run. The nominal interest rate is significantly above zero

for 20 quarters after the tax change, with a maximum response at 1.39 percent (p ≈ 0)

in the sixth quarter, revealing some monetary policy concerns about the increase in the

price level. Remarkably, our finding on prices and interest rate are similar to the effects

of an aggregate tax shock presented in Cloyne (2013).

Now we turn our attention to consumption tax shocks. Figure 3 reports the impulse

response functions to a one percentage point cut in ACT, together with the 90 and 95

percent confidence bounds. The decrease in the tax rate, implies for the ACT to remain

significantly below zero for 5 quarters and then to slowly return to its long-run mean.

Fiscal revenues for this tax component decrease significantly by around 4.9 percentage

points and they remain below their long run mean for 6 quarters. This result is consistent

with the notion that the Laffer curve for consumption taxation peaks at infinity, i.e. the

marginal increase in consumption tax revenues implied by a tax hike is always greater

than its marginal distortionary effect on private consumption, see Trabandt and Uhlig

(2011). We also register a pass-through of the consumption tax shock to the price level.

This result is mainly due to the accounting measure of the Households Consumption

Deflator, which includes consumption tax. The nominal interest rate does not respond

significantly, suggesting that monetary policy reacts weakly to price changes caused by

direct variations of consumption taxes.

The main finding of Figure 3 is that, in contrast to the large and persistent expansion-
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Figure 3 – Benchmark Specification: 1% Cut in Average Consumption Taxation. Dark
and light shaded areas represent the 90 and 95 percent confidence intervals, respectively.
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ary effects found under income tax changes, shocks to consumption taxes have a modest

effect on GDP and its components. This is a robust feature of our analysis and it suggests

that, as predicted by public finance theories, the transmission mechanisms of direct and

indirect tax components are fundamentally different. As we will discuss in detail in 4.2,

these results rely crucially on the identification method adopted that allows for measure-

ment error and for correlation between income and consumption tax shocks. Failing to

account for any of these two features would alter radically our IRFs analysis.
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Facing an ACT cut, private consumption expands (p = 0.074), with a borderline sig-

nificance level at 84 percent in the second quarter after the shock. Meanwhile, the effects

on total output and its other expenditure components are modest and not statistically

different from zero for standard significance levels. The response of GDP is never statisti-

cally different from zero for standard significance levels and peaks below 0.5 percent four

quarters after the shock. The response of private investment is negative for part of the

horizon, with a maximal reduction of 1.31 percent. However this response is not statis-

tically different from zero. We also register a positive response of government spending,

but again, this effect is not significant at standard levels.

In order to gain a deeper quantitative understanding of the effects of income and con-

sumption tax shocks, we calculate the impact of a tax change along the entire path of the

response, up to a given period, see, for example, Mountford and Uhlig (2009). To this

end, Figure 4 shows the discounted cumulative response of GDP and fiscal variables to a

1 percentage point cut in either AIT or ATC in the benchmark model (11).14 Further-

more, in Table 4, we also report the present value multiplier at a generic lag k (PVMk),

calculated as

PVMk =

∑k
i=0 (1 + r̄)−i yi∑k
i=0 (1 + r̄)−i fi

, (16)

where yi is the response of GDP at period i, fi is the response of the fiscal variable at

period i, r̄ is the average quarterly real interest rate over the sample.

Table 4 – Present value multipliers of different tax shocks

1 qrt 4 qrts 8 qrts 12 qrts 20 qrts Maximum
AIT Shock 0.88*** 2.28*** 2.67** 2.52* 1.81 2.68** (qrt 9)
ACT Shock -0.13 0.21 0.59 0.52 -0.15 0.62 (qrt 10)

Notes: Present value multipliers for one percentage point cut in AIT and ACT obtained with (16). The
multipliers given are the median multipliers in both cases. Intervals are calculated with wild bootstrapping
with 10 000 replications. Asterisks ***, ** and * denote 1, 5 and 10 percent significance, respectively.

Figure 4 and Table 4 tell the same story. They show that income tax cuts have a

much greater effect on GDP than consumption tax. The cumulative discounted response

of GDP to a ACT cut is never significant, whereas that for the AIT is significantly

positive throughout up to six years after the shock, with a maximal cumulative response

of 11 percent. Figure 4 also shows that the 90 and 95 percent standard errors of the

cumulative response become vary large at the later periods. Table 4 indicates that the

maximum present value multiplier on GDP of a one percentage point decrease in AIT is

14We compute the discount factor as the inverse of the sample average gross quarterly real interest
rate.
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Figure 4 – Cumulative discounted response of ACT and AIT shocks. Broken lines
indicate 90 and 95 percent confidence intervals, respectively.
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2.68 percent, with a 5 percent significance level. This occurs two years after the shock.

Differently, the maximum present value multiplier on GDP of a one percentage point

decrease in ACT is rather small, i.e. 0.62 percent, and it is not statistically different than

zero for standard significance levels.

Having explored the quantitative outcome of AIT and ACT changes, we now turn our

attention to the effects of shifting the burden of taxation from income to consumption.

Figure 5 presents a revenue neutral policy experiment where an exogenous decrease in AIT

is compensated by an exogenous increase in ACT so that at the time of the implementation

of the policy, aggregate fiscal revenues stay constant. The analysis is conducted under our
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benchmark identification technique with the set of observables in (11). This econometric

estimation aims to mimic the fiscal reforms implemented in the UK during the period

1979-1996, where cuts in personal and corporate income taxes were often balanced with

increases in VAT and other consumption duties such as on fuel, alcohol and tobacco.

Our exercise is designed in such a way that at the time of the reform, AIT exogenously

decreases by one percentage point and ACT increases by 1.3 percentage points. In this

way fiscal revenues remain constant. ACT needs to increase by more than AIT as the

consumption tax base is smaller.

Figure 5 – Revenue neutral policy experiment. Broken lines indicate 90 and 95 percent
confidence intervals, respectively.
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Tax revenue

The responses of average income and consumption taxes remain significant for two

22



quarters after the reform. Crucially, this revenue neutral policy has a short (2 quarters)

but significant (at 95 percent) expansionary effect on GDP. This result is important as it

gives empirical support to the predictions of conventional public finance theories: revenue

neutral policies where cuts in income taxes are balanced by increase in consumption taxes

increase efficiency and therefore are expansionary, see inter alia Coleman (2000), Altig,

Auerbach, Koltikoff, Smetters, and Walliser (2001) and Correia (2010).

4.2 Alternative Identifications

This Section discusses in further details several aspects of our identification procedure.

Our goal is to obtain a deeper insight of our benchmark findings and how these relates to

the existing literature. To this end, we start by highlighting the importance of allowing for

non zero cross-correlations between the measured tax changes and structural tax shocks.

Next, we compare our results to those from more standard identification procedures com-

monly adopted in the narrative literature. Finally we discuss the potential problem of

timing errors in our constructed series.

As described earlier in the paper, our narratively identified changes in income and

consumption taxes correlate with each other. Therefore it is probable that changes in one

tax component correlate with shocks in both taxes. As explained above, we control for

contemporaneous variation in both taxes and we rely on standard Cholesky decomposi-

tion to deal with the insufficient number of identifying restrictions. Here we discuss the

importance of controlling for the correlation between the two tax changes. We do so by

assuming that each of the proxy correlates with only one tax shock, e.g. the proxy on

consumption tax changes correlates only with ACT. This means that each tax shock can

be identified by using a single proxy. The underlying assumption behind this alternative

specification is that the correlation between our narrative measures is random or solely

due to measurement error. The econometric model is otherwise isomorphic to the bench-

mark. In this way we can fully isolate the consequences of ignoring the observed negative

correlation between the proxies.

Figure 6 presents the IRFs for our benchmark econometric model under the alterna-

tive specification where each tax shock is identified with a single proxy. For comparison

we also report the IRFs of our benchmark case. Bounds are calculated as before and

kept at 90 and 95 percent. The key finding of this experiment is that a one percentage

point decrease in ACT leads to a large and significant increase in GDP, with an impact

response of 0.56 percent (p = 0.003) and a peak response of 1.49 percent in the fourth

quarter, with 95 confidence bounds of [0.62, 3.58]. This outcome is in sharp contrast
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with the estimates obtained under our benchmark identification, where a shock to ACT

has no significant effect on aggregate output. The sizeable difference obtained under the

two approaches indicates that it is critical to control explicitly for the interactions be-

tween consumption and income tax components when measuring the effects of an ACT

shock. Furthermore, this insight is particularly instructive because it enables us to un-

derstand the differences between our benchmark estimates described in 4.1 and the ones

presented in Riera-Crichton, Vegh, and Vuletin (2016), who estimate large and significant

short run expansionary effects of consumption tax cuts but, as here, do not control for

contemporaneous changes in other tax components.

Figure 6 – Baseline model and single tax proxy. Broken lines indicate 90 and 95 percent
confidence intervals, respectively.
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The points estimates are somehow more similar to the benchmark identification for the

case of AIT shocks, but the confidence bounds gets larger with a single proxy approach.

This suggests that controlling for the correlation between different tax components is

important also for the analysis of the transmission mechanism of income tax shocks.

Next we compare our benchmark results with an alternative identification strategy

where the narrative series are added to the econometric model in (11) as exogenous

regressors, see inter alia Romer and Romer (2010). In order to do so, we estimate the

following model:

Xt =
P∑
i=1

βiXt−i +

Q∑
s=1

ζs∆τ
j,n
t−s + εt, with i = 1, 2, ..., P and s = 1, 2, ..., Q; (17)

where ∆τ j,nt (j = i, c) are the narratively identified tax changes defined in (7) and (8),

Xt is the set of observables as in (11), P = 3 and Q = 12. Figure 7 reports the IRF to a
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one percentage point cut in ∆τ j,nt as well as our benchmark results for comparison. The

two approaches lead to sizeable differences for both ACT and AIT cuts. In response to

a one percentage point cut in consumption taxation, GDP expands significantly above

zero for four (six) quarters at 95 (90) percent, with an impact response of 0.31 percent

(p = 0.023) and maximal response in the second quarter of 0.83 percent and 95 percent

bounds of [0.26, 1.41].

Figure 7 – Proxy-SVAR and VAR incl. Narrative. Broken lines indicate 90 and 95
percent confidence intervals, respectively.
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Moving to average income tax shocks, we find that a one percentage point cut in

this tax component leads to a reduction in GDP on impact of 1.17 percent (p = 0.001).

Aggregate output increases over time, turning positive at 90 percent confidence one year

and a half after the tax shock occurs. The overall expansionary effect on GDP is much

larger than the one obtained under our baseline identification, with a maximal effect

of 4.80 percent, with wide 95 percent confidence bounds [0.09, 13.93]. Furthermore,

compared to the ‘Proxy-SVAR’ estimates, the peak increase in GDP occurs much later

after the shock. There two main reasons that can help explaining the differences obtained

under the two identification strategies. First of all, our baseline estimator is robust to

the existence of random measurement errors, while the identification in (17) is not. As

we discussed in Section (4.1), our estimates of the reliability of the proxies indicate that

measurement error is quantitatively important. Second, estimates from (17) do not control

for the observed negative correlation between the proxies and therefore, as for the case

of a single proxy identification, may bias upwards the response to tax shocks. All in

all, allowing for measurement errors and for the correlation between the two tax changes
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appear to be extremely important.

Finally we control for the possibility of timing errors in the construction of our nar-

rative account of tax changes. In order to do this, we perform a simulation in the vein of

Ramey (2011). This consists of constructing a series of ∆τ̃ j,nt , with j = i, c such that,

∆τ̃ j,nt =
(
1−$j

)
∆τ j,nt + ρj$j∆τ j,nt−1 +

(
1− ρj

)
$j∆τ j,nt+1, (18)

with $j ∼ U (0, 0.5), ρj ∼ B (0.5). Measurement error is added by allowing up to 50

percent of the value of each observation of the two proxies to be mistimed by a quarter,

so that $j is uniformly distributed between 0 and 0.5 and ρj takes the value of 0 with 50

percent probability, and 1 with 50 percent probability. In this way there is an equal chance

of mistiming of leading and/or lagging a quarter. We ran (18) for 10000 times. For each

replication we estimated the baseline proxy-SVAR with the new generated instruments

∆τ̃ j,nt and calculate the IRFs. Figure 8 presents the median values of the estimated

responses. For comparison we also report the benchmark specification. Not surprisingly,

adding time uncertainty changes the response of GDP to AIT and ACT changes. The

major noticeable difference is that output becomes slightly negative several quarters after

an income tax cut. However the main conclusions of the paper are unaffected. This is

somehow expected as our benchmark identification is robust to this type of timing errors.

Obviously, adding timing error decreases sensibly the reliability of our proxies, i.e. the

eigenvalues of the statistic Ξ for ∆τ̃ j,nt drop to [0.0569, 0.1157].

Figure 8 – Proxy-SVAR with timing error. Broken lines indicate 90 and 95 percent
confidence intervals, respectively.
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4.3 Further Results

This Section presents a set of findings resulting from expanding the set of observable

variables in our econometric model, while keeping unchanged our baseline identification

strategy. The aim of this Section is twofold. First it provides the reader with the effects

of our tax shocks on a larger number of macroeconomic variables. Second, it serves as

a robustness check for the stability of our benchmark results. For brevity reasons, for

each extension of the baseline model we report only the IRFs of the variables of interest

in addition to the GDP. Moreover we only present the response to a shock to a tax

component resulting from ordering that tax rate last, leaving the other unchanged in

cyclically adjusted terms. The Appendix C provides a more comprehensive number of

robustness checks.

The first extension consists in extending our baseline model in (11) with the unem-

ployment rate. Controlling for unemployment is important as this variable is often the

primary target of short and long run macroeconomic policies. Ideally one would like to

analyse the effects of a fiscal shock on a wider set of labour market variables, but doing so

would have implied losing too many degrees of freedom. Results from this estimation are

presented in Figure 9. The GDP point estimates of a cut in AIT are remarkably similar

to the benchmark, with a maximal increase of 1.69 percent. However we also register

wider bounds, i.e. the 95 percent confidence bounds are [0.63, 5.30]. The key result from

this exercise is that a 1 percentage point decrease in AIT generates a significant reduc-

tion of the unemployment rate, with a peak effect of -0.61 percent 6 quarters after the

tax cut, with 95 percent bounds of [-1.12,-0.34]. Differently, a one percentage point cut

in ACT has a small and not significant effect on the unemployment rate and, as in the

benchmark case, a modest and not significant effect on GDP. Therefore this experiment

confirms the main conclusion of the paper. Cutting income taxation is very effective in

stimulating the economy, while decreasing consumption taxation is not. Finally we note

that the reliability of the proxies increases slightly compared to the benchmark, i.e. with

this specification, the eigenvalues of the Ξ statistic are 0.27 and 0.63.

Next we expand our baseline model by inserting public debt. Government debt is a

potentially important variable since any change in taxes eventually must lead to adjust-

ments in the fiscal instruments. Unfortunately, UK data on public debt are only available

at annual frequency prior to 1997. In order to deal with this problem, we construct

a quarterly series of government debt-to-GDP ratio. We proceed as follows. First we

construct the year-on-year quarterly public debt growth for the period 1956-2009 with

missing values for Q2, Q3 and Q4 of each year up to 1997 and full data afterwards.
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Figure 9 – A percentage point cut in AIT (left column) and ACT (right column) on
GDP and the unemployment rate. Dark and light shaded areas represent the 90 and 95
percent confidence intervals, respectively.
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Right Panel: ACT Shock
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Then we estimate the missing quarterly values via Kalman filter through a VAR with

GDP growth, inflation and public debt growth. Finally we use the smoothed series of

debt growth to compute the Debt-to-GDP ratio at quarterly frequency for the 1973Q3-

1997Q4 sample. For further details on this method, see Casals, Jerez, and Sotoca (2000).

Figure 10 presents the estimates on the variables of interest of adding our constructed

quarterly series of debt-to-GDP to the set of observables in (11). First, controlling for

public debt leads to similar result as in our benchmark model. AIT shocks have large

and persistent expansionary effect on GDP, with a maximal effect of 1.32 percent and

they ‘starve the beast’, i.e. government spending decreases with the tax rate cut. At the

same time, ACT shocks are not significant on GDP and government spending. Second,

public debt remains roughly constant under income tax shocks. This is mainly due to the

fact that most of the revenue consequences of the policy change are absorbed by public

spending. Differently, the stock of public debt slowly builds up under consumption tax

shocks, but it never becomes statistically different than zero at 90 and 95 percent. For
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this model, the values of the reliability test are [0.29, 0.72].

Figure 10 – A Percentage point cut in AIT (left column) and ACT (right column) on
fiscal variables including public debt. Dark and light shaded areas represent the 90 and
95 percent confidence intervals, respectively.
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Right panel: ACT Shock
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5 Conclusions

We analyse the aggregate effects of unexpected changes in consumption and income taxes

in the United Kingdom and present a novel narrative account of exogenous tax liability
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changes in these two components for the period 1973-2009. We estimate ‘Proxy-SVARs’

by using these narrative tax changes as proxies for the latent structural tax shocks. We

find important differences in the size and the significance of the two tax multipliers. The

short run effects of income tax changes are large, significant and persistent on output,

private consumption and investment. On the same variables, consumption tax changes

have effects that are not statistically different from zero. Furthermore we find that income

tax cuts ‘starve the beast’, i.e. government spending decreases in response to shocks in this

tax component. This effect is not present under consumption tax shocks. We think these

results are important as they provide empirical support for the theoretical predictions

of conventional public finance theories, where consumption taxes are less distortive than

income taxes.

Another key message of this paper is that it is crucial to distinguish between direct and

indirect taxation when studying the transmission mechanism of fiscal policy as changes

in these two tax categories have very different effects on key macroeconomic variables.

Studies that focus exclusively on changes in total tax revenues generally miss these insights

and therefore they can offer only a limited perspective in the relative merits of different

tax components.

An important limit of our analysis is that we analyse two broad tax categories. For

example, our definition of income taxation aggregates changes in personal and corporate

taxation. This is due to data limitation. However, the short run macroeconomic effects of

personal and corporate tax are likely to be different, see Mertens and Ravn (2013). When

more data on fiscal revenues becomes available, it will be possible to study the effects of

each narrowly defined tax categories in isolation.

There are several important avenues for future research. First, it would be interesting

to extend our analysis on the effects of income and consumption taxation for different

income groups as in Mertens (2015) or by grouping consumers by housing tenure as in

Cloyne and Surico (2016). Second, it would be interesting to allow for time-varying effects

of tax shocks in the vein of Auerbach and Gorodnichenko (2012) and Ramey and Zubairy

(2014). In this way one could check whether the transmission mechanism of consumption

and income taxation is different in good and in bad times or when the nominal interest

rate is close to its zero lower bound. Finally, our dataset allows to analyse the effects

of tax uncertainty on the economy, thus extending on the fiscal dimension the recent

literature on volatility shocks, e.g. Caggiano, Castelnuovo, and Groshenny (2014) and

Mumtaz and Theodoridis (2016).
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Appendices

A Data Description

When not otherwise mentioned, the data source is the Office for National Statistics, the

national statistical institute of the UK.

• Population is UK total population taken from Eurostat (Datastream).

• Output is the real GDP, code ABMI.

• Consumption is the final household consumption expenditure, code ABJR.

• Investment is the gross fixed capital formation, code NPQT.

• Government Spending is the central government total managed expenditure cal-

culated as the sum of Government Consumption Expenditures and Gross Invest-

ment, divided by GDP deflator, codes (ANLP+ANNS+NSRN)/YBGB.

• Unemployment rate ONS unemployment rate (Age 16 and over) Claimant count

and ILO measure, code MGSX.

• Nominal Interest Rate is the three-month treasury bill, source Global Financial

Data.

• NER is the effective nominal exchange rate, source Eurostat.

• Imports are the total imports in goods and services, code IKBL.

• Exports are the total exports in goods and services, code IKBK.

• GDP deflator is the implicit price deflator for GDP, code YBGB.

• RPI is the retail price index, code CZBH.

• Households Consumption Expenditure Deflator is the implicit deflator for

final consumption expenditure by households and NPISH, code YBFS.

• Taxes on Income are the receipts of our income tax categories, code NMCU.

• Total Consumption Tax Receipts is the sum of VAT (code NZGF), Tobacco

duties (code GTAO), Fuel duties (code CUDG), Vehicle duties, i.e. road tax (code

EKED), Alcohol duties available from 1993 (code MF6V), (the following data are

taken from HM Revenue and Customs) Air duties (APD) from 1995, Betting and

Gaming duties from 1986, Insurance Premium tax IPT, from 1995.

• Income Tax Base is the sum of total compensation of employees (code DTWM),

gross operating surplus (code NRJT) and mixed (self-employed) income (code QWLT).
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B Properties of the Narrative Series

The ‘exogeneity’ of our narrative tax changes is a crucial assumption for the validity of

our identification strategy. As shown in the main paper, we found no evidence that lagged

macro variables Granger cause our narrative measure of tax changes ∆τ i,nt and ∆τ c,nt . As

we discuss here, this finding relies crucially on excluding from our narrative account, the

tax changes announced in 1979:III and in 1988:II that we, as Cloyne (2012), classify as

exogenous.

In the 1979 Budget (FSBR, 12 June 1979), there were major tax measures in both

consumption and income taxes, aimed to switch part of the tax burden from earnings to

spending. For the 1988 Budget (FSBR, 15 March 1988), there were changes in income

taxes, mainly a reduction of basic rate and the abolition of higher rates of income tax. It

is important to stress that we cannot precisely pinpoint the reason why these tax changes

where predicted by lagged macro variables. However, given that these measures where

introduced in the Budgets right after two general elections (3 May 1979 and 11 June

1987), it is likely that they were announced in electoral manifestos and thus expected by

economic agents.

In order to identify the incriminated policy measures, we proceed as follows. We run

a set of Granger causality tests on each macro variable (GDP, consumption, investments

and government spending) and jointly together, by excluding one tax change at the time

from our narrative series. For the ∆τ c,nt , the tests reject non-causality in all cases but

when the 1979:III tax changes are excluded. We therefore eliminate this consumption

tax change from the series and, for consistency, we also exclude the exogenous income

tax changes happening in the same budget. We repeat the same exercise on ∆τ i,nt and

found that the tests reject non-causality in all cases but when the 1988:II tax changes are

excluded.

Table B.1 – Granger Non-Causality Tests for Narrative Consumption Tax Series

With 1979:III Without 1979:III
Test statistic p-value Test statistic p-value

∆ln(Yt) 10.74 0.03 0.32 0.99
∆ln(Ct) 26.80 0.00 0.91 0.92
∆ln(It) 2.98 0.56 0.93 0.92
∆ln(Gt) 4.72 0.32 7.18 0.13

All 57.60 0.00 10.06 0.86

Notes: The table shows the test statistic and its corresponding p-value of the test that the variable in

the first column does not Granger cause narrative income tax series.
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For the sake of brevity, Table B.1 and Table B.2 present the results from the Granger

tests on each narrative variable with and without the mentioned policy measures. As

required by the test, we use the first (log) difference for non-stationary variables. The test

rejects the null hypothesis that lagged macro variables do not Granger cause our narrative

measure of consumption tax changes when the 1979:III episode is included (Table B.1).

In particular the consumption tax changes can be predicted by GDP (p = 0.03), private

consumption (p ≈ 0) and when we consider all macro variables together (p ≈ 0). On

the other hand, when we exclude the tax changes in 1979:III, the same test cannot reject

the null on each macro variable and when they are tested together. Similarly, the test

rejects the null hypothesis that lagged macro variables do not Granger cause our narrative

measure of income tax changes when the 1988:II episode is included (Table B.2). In this

case our narrative account of income tax changes can be predicted by past investments

(p = 0.04). Once this episode is removed, we find no evidence that lagged macro variables

Granger cause our narrative measure of income tax changes.

Table B.2 – Granger Non-Causality Tests for Narrative Income Tax Series

With 1988:II Without 1988:II
Test statistic p-value Test statistic p-value

∆ln(Yt) 2.20 0.70 5.31 0.26
∆ln(Ct) 0.83 0.94 1.36 0.85
∆ln(It) 10.28 0.04 3.06 0.55
∆ln(Gt) 5.69 0.22 0.88 0.93

All 21.16 0.17 10.83 0.82

Notes: The table shows the test statistic and its corresponding p-value of the test that the variable in

the first column does not Granger cause narrative income tax series.

In addition, we find that the eigenvalues of Ξ are [0.08, 0.51] when the policy mea-

sures at 1979:III and 1988:II are included in our narrative account. These numbers are

substantially smaller than the corresponding ones of the benchmark specification. When

we substitute the narrative at 1979:III and 1988:II by their associated residuals obtained

from regressing the narrative measures on the above lagged macro variables, the eigen-

values of Ξ improve to [0.12, 0.58], which are still substantially smaller than those in the

benchmark.

To sum up, we do not include the tax measures legislated at 1979:III and 1988:II

into our narrative series in order to comply with ‘exogeneity’ condition, necessary for our

identification strategy. In doing so, we also improve the reliability of the proxy and the

correlation between our narrative measures and the latent tax shocks.
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C Robustness

C.1 Different Tax Ordering

We start this section by providing robustness regarding the tax ordering. As described

in the main text, we find that the correlation between the cyclically adjusted tax rate

innovations is 0.07 with 95 percent confidence bounds [-0.83, 0.75], which implies that

the responses to a specific tax shock are similar independently of the ordering of tax

rates within our ‘Proxy-SVAR’. For the sake of completeness, we report the IRFs of a

one percent cut of AIT and ACT when each tax shock is ordered first. Results from this

exercise are reported in Figure C.1 and Figure C.2. The only noticeable difference we find

is that the confidence bounds of the response of private consumption to an AIT shock

are larger than in the benchmark case, but we retain the 95 percent significance. We

therefore conclude that the benchmark results are robust to tax ordering.
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Figure C.1 – Benchmark specification, alternative ordering: 1% cut in Average Income
Taxation. Dark and light shaded areas represent the 90 and 95 percent confidence inter-
vals, respectively.
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Figure C.2 – Benchmark specification, alternative ordering: 1% Cut in Average Con-
sumption Taxation. Dark and light shaded areas represent the 90 and 95 percent confi-
dence intervals, respectively.
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C.2 Trend and Growth Rates

Figure C.3 presents the results from adding a linear-quadratic time trend to the bench-

mark specification. Including a deterministic time trend does not affect the response on

impact of GDP to a income tax shock, but it yields to slightly smaller peak effect, which

is reduced to around 1.3. At the same time, the linear-quadratic time trend improves the

relative performance of consumption tax shock on GDP, which becomes almost significant

at 10 percent for one period, two years after the shock occurs. In this case the reliability

test gives values that are somewhat lower than in the benchmark, i.e. the eigenvalues of

Ξ are [0.21, 0.58].

Figure C.4 presents the estimates from using stationary data in (11), i.e. first differ-

ences of GDP and prices and ratios of consumption, investment and government spending

to total output. Estimates show a larger output response to an ATC cut at all horizons

although the response remains statistically not different than zero, and slightly lower re-

sponse to an AIT cut. The reliability test gives values that are slightly smaller than the

benchmark one, i.e. the eigenvalues of Ξ are [0.23, 0.56].

Figure C.3 – Benchmark specification with linear-quadratic trend. Broken lines represent
the 90 and 95 percent confidence intervals, respectively.

5 10 15 20

Quarters

-2

-1

0

1

2

3

P
e
rc

e
n
t

ACT shock, GDP

Baseline
Model with Linear Quadratic Trend

5 10 15 20

Quarters

-2

-1

0

1

2

3

P
e
rc

e
n
t

AIT shock, GDP

40



Figure C.4 – Benchmark specification with growth rates and stationary data. Broken
lines represent the 90 and 95 percent confidence intervals, respectively.
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C.3 Different Lag Structures

We experiment with different lag structures of our baseline model (11) and report the

results in Figure C.5. The main results of the paper are robust to different lag structures,

although the confidence bounds on ATC shocks get wider. Here we report the results on

GDP of imposing 4 and 2 lags, respectively. For the model with 4 lags, we find a higher

reliability of the proxy compared to the benchmark (3 lags), i.e. the eigenvalues of Ξ are

now [0.3 0.63]. For the model with 2 lags, we find that the eigenvalues of Ξ are [0.19 0.63].
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Figure C.5 – Benchmark specification with four lags (Top Panel) and two lags (Bottom
Panel). Broken lines represent the 90 and 95 percent confidence intervals, respectively.
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C.4 Dummies Analysis

In 1979, the UK economy experienced a period of macroeconomic turbulence and large

variation in policy actions. The variance of quarter-on-quarter (QoQ) GDP growth during

this year was the largest of the sample. For example, the QoQ GDP growth was more

than 4 percent in 1979:II, followed by a substantial fall of 2 percent in 1979:III. For this

reason, a number of studies, e.g Engle and Hendry (1993) and Hendry and Mizon (1993)

among others, suggest to include dummies for 1979:II and 1979:III as regressors. As a

robustness check we do the same, and expand the benchmark (11) with two dummies

for these two quarters. We find that both the BIC and the AIC tests favour the model

with dummies. Furthermore the Wald test rejects the null hypothesis that the coefficients

of these dummies are zero at 1 percent significance level. With this new specification,

the reliability of our proxies increase to [0.26, 0.63]. Figure C.6 present the responses

42



of output to income and consumption tax shocks in the model with dummies and the

benchmark for comparison. The two responses are virtually identical, thus confirming the

main results of the paper.

Figure C.6 – Benchmark specification with dummy variables in 1979 and 1988. Broken
lines represent the 90 and 95 percent confidence intervals, respectively.
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C.5 The Open Economy Dimension of Tax Changes

Here we provide evidence over the international dimension of fiscal policy. This is impor-

tant as the UK can be considered a small open economy. In particular we add the effective

nominal exchange rate, imports and exports to the set of observables in (11). We add

these variables one at a time in order to preserve as many degrees of freedom as possible.

Results from these expanded econometric models are reported in Figure C.7. A few things

are worth noticing. First, the effects of both tax shocks on the exchange rate is weak.

We register an appreciation on impact for an ACT shock at 90 percent significance and

a depreciation on impact for an AIT shock, always at 90 percent significance. Secondly,

neither of the tax shocks has a significant effect on imports, although the response of this

variable to an AIT shock appears larger. Thirdly, we find a short but significant at 95

percent, negative effect on impact of an ATC shock on export, while this variable seems

to not respond to AIT shocks. Not surprisingly, expanding the number of observables in

our SVAR increases the reliability of the proxies on the latent tax shocks.15

15The eigenvalues of the Ξ statistic are: [0.3 0.59] for model with NER, [0.27 0.69] for the model with
imports and [0.27 0.60] for the model with exports.
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Figure C.7 – Adding Nominal Exchange Rate (Top Panel), Imports (Middle Panel) and
Exports (Bottom Panel) to the Baseline. Broken lines represent the 90 and 95 percent
confidence intervals, respectively.
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C.6 Different Definitions of Price Level

We estimate the effects of AIT and ACT on the price level when using different measures

of the price level in (11). Ideally one would like to use the Consumer Price Index (CPI),

cleared by consumption and other indirect taxes. However an official measure of CPI is not

available for the entire sample and the only price level where indirect taxes are excluded,

the RPIY, is available only from 1987. For this reason we adopt the Final consumption

expenditure by households and NPISH deflator as benchmark, whose cyclical component

correlates the most with CPI and is consistent with the measure used in Mertens and Ravn

(2013). Here we test the transmission mechanism of tax shocks to different definition of

prices. In particular we use the GDP deflator and the Retail Price Index (RPI). Results

are reported in Figure C.8.

The short run effects of tax shocks on GDP Deflator, a broader measure of inflation,

is very similar to the response of Consumer Price Deflator index reported in the main

paper. A consumption tax shock causes a decrease of the price level on impact. This is

mainly due to accounting issues, as the GDP deflator contains indirect taxes. An income

tax shock leads to an increase of prices that is both qualitatively and quantitatively very

similar to the benchmark. The eigenvalues of the Ξ statistics are sensibly smaller than

the benchmark, i.e. [0.18 0.54], thus revealing a lower reliability of the Proxy.

Finally, we find that the decrease in prices following a consumption tax cut is no

longer significant. As in the benchmark, we still find that an income tax shock generates

a persistent increase in the price level. Of the three measure of prices, the RPI is the one

that leads to the lowest reliability of the proxy, i.e. the eigenvalues of Ξ reduces to [0.18

0.50].
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Figure C.8 – Baseline with GDP Deflator (Top Panel) and Retail Price Index (Bottom
Panel) as price index. Broken lines represent the 90 and 95 percent confidence intervals,
respectively.
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C.7 Alternative Identification

Here we provide the estimation of income and consumption tax shocks under an alternative

econometric specification, where we use an ‘univariate model’, that is popular in the

literature on empirical fiscal policy. In particular, we adopt a single equation approach

similar to Mertens (2015), where we regress the first differences of output ∆ln(Yt) on the

changes of each tax category, i.e.

∆ln(Yt) = βc∆ln(ACTt) + εc,t, (19)

for consumption tax changes and

∆ln(Yt) = βi∆ln(AITt) + εi,t, (20)

for income tax changes. In order to deal with the endogeneity of tax rates, we use the

tax shocks identified in the benchmark ‘Proxy-SVAR’ as instruments. The first stage

F-statistics for ∆ln(ACTt) and ∆ln(AITt) are 30.78 and 20.22, respectively. These val-

ues suggest that we are using good instruments and indirectly test the relevance of our

narrative proxies in the baseline SVAR. To derive the impulse response functions, we

implement the local projection method proposed by Jordà (2005) and present the results

in Figure C.9. As it can be seen, the magnitude and dynamics are very similar to the

baseline.

Figure C.9 – Local projection method. Broken lines represent the 90 and 95 percent
confidence intervals, respectively.

5 10 15 20

Quarters

-4

-3

-2

-1

0

1

2

3

P
er

ce
nt

ACT shock, GDP

Baseline
Local projection method

5 10 15 20

Quarters

-5

-4

-3

-2

-1

0

1

2

3

4

P
er

ce
nt

AIT shock, GDP

48



D Examples of narrative tax measures, see Cloyne

(2012)

1. Example of Legislated Consumption Tax Changes

• Exogenous, IL. VAT standard rate increase to 17.5 percent. Legislated:

19/3/1991. Implemented: 01/04/1991. Treasury projected revenue effect:

+5515m£. Motivation: ‘[We] require a substantial increase in central taxa-

tion to compensate for the cut in the Community Charge. I have decided that

this should be achieved by raising indirect taxes — that is to say, taxes on

spending. . . [and] Since much consumer spending is zero-rated, it bears less

heavily on poorer households than on the better-off, so raising VAT is not only

an efficient but also a fair way to raise the necessary finance’, HC Deb 19

March 1991 vol 188 c180. The motive for this shift from local to central taxa-

tion was ideological and not correlated with macroeconomic variables.

• Endogenous, DM. VAT rate reduction. Legislated: 24/11/2008. Imple-

mented: 1/12/2008. Treasury projected revenue effect: -7800m£. Motivation:

‘[...] to prevent the recession from deepening, we also need to take action to

put money into the economy immediately... I have decided that the best and

fairest approach is a measure which will help everyone, including millions of

households that pay no direct tax at all, and it is to deliver a much-needed extra

injection of spending into the economy right now. I therefore propose to cut

V.A.T.’, HC Deb 24 November 2008, c495. We classify this as endogenous,

demand management.

2. Example of Legislated Income Tax Changes

• Exogenous, LR. New lower rate of 20 per cent on first 2000£ of taxable in-

come. Legislated: 10/3/1992. Implemented: 06/04/1992 . Treasury projected

revenue effect: -2320m£. Motivation: ‘It is neither necessary nor desirable that

anyone earning more than their personal allowances should start paying income

tax at a rate of 25 per cent. . . I believe that we can and should reduce that bur-

den. . . That will improve their work incentives and make it more worthwhile

for those not currently in work to take lower paid jobs’, HC Deb 10 March 1992
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vol 205 c760. We classify this as exogenous, long-run.

• Endogenous, SS. Increase in married allowance by 130£ and in single al-

lowance by 60£. Legislated: 06/04/1976. Implemented: 06/04/1976. Treasury

projected revenue effect: -810m£. Motivation: the purpose of this policy was

to induce wage restraint, lower costs and allow firms to employ more workers,

‘[...]inflation is the great enemy of full employment[...] Excessive pay increases

are not only bound to increase unemployment’, HC Deb 06 April 1976 vol 909

cc270-1. We therefore classify this as endogenous, supply stimulus.
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