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Abstract

This paper asks whether tax structure, the relative weight of each tax within a tax system, affects
economic growth, using data from twenty OECD countries covering 1970 to 2019. The
research framework uses a standard economic growth model, where labour, capital, human
capital and technological improvements drive growth. While this model predicts a clear effect
of taxation on growth, early empirical research did not find this. In the past twenty years, many
studies have arrived at the opposite conclusion: income and corporation taxes would stunt
growth, so tax revenue should be shifted from these towards consumption and property taxes.
The dataset used combines several sources of information, the main one being OECD data.
The estimation approach is dynamic panel data modelling. Some specifications are constrained
into a revenue-neutral framework, which allows the evaluation of revenue shifts between taxes
while keeping the overall tax burden constant. The main contributions to the literature are
extending the timespan of analysis and combining testing for cointegration and cross-sectional
dependence. The results show a significant effect of the tax structure on growth rates: A 1%
shift in the share of taxation from income or corporation taxes towards property and
consumption taxes is correlated to a 0.1%-0.2% increase in growth rates. A shift in the opposite
direction shows a negative effect of similar size. Some econometric tests suggest that the
relationship could be long-term. These results are similar to the most recent literature, which
is unsurprising as they use similar datasets and methodology. Within this framework, it is
difficult to differentiate precisely the mechanism through which taxes affect growth or whether
their effects are short or long-term. However, this is not a critical issue for policy advice. Some
caution is required before inferring policy recommendations because some robustness tests
suggest that the results are biased due to cross-sectional dependence, perhaps caused by
omitted variables and endogeneity in the specification. An alternative specification, robust by
design to cross-sectional dependence, did not yield statistically significant results.
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1. Introduction

¢ . . . . .
We made it clear in our manifesto that we intended to switch some of the tax burden from
taxes on earnings to taxes on spending. This is the only way that we can restore incentives and

make worth while to work’
—Sir Geoffrie Howe, Budget speech 1979

Can the tax structure of a country affect its economic growth rate? During the last few decades,
economists and international organisations have thought this may be the case and, following
the suggestions of economic theory and a substantial body of applied research, have advised
governments to shift from capital and labour taxes to indirect ones to achieve higher economic
growth.

This paper investigates exactly that: tax structures and growth. Its scope is within the
framework of economic growth theory. It excludes discussing the effects of taxes on the remote
causes of economic growth, like institutions or culture, and the short-term effects of taxes
through the demand level or their role in macroeconomic stability. Trade taxes are left out, too,
as they are minor sources of government revenue in advanced economies. Moreover, focusing
on growth requires ignoring the distributional effects of taxes. What is within the scope of this
study is assessing the impact of tax structures on growth through labour, capital, innovation
and entrepreneurship in 20 OECD countries' from 1970 to 2019.

Most OECD economies have high levels of taxation. It seems unlikely that this high tax burden,
close to £1 trillion per year in the UK, could be reduced easily due to the growing demand for
public services from ageing populations, the cost of decarbonisation, and the levels of public
debt. If high taxes are here to stay, it seems relevant to study if there are tax structures which
are growth-enhancing while being aware of others that may be growth-retarding.

Specifically, this paper tries to answer two questions. The first is whether tax structures affect
growth and, if so, how. The second is whether shifts from labour and capital taxes to
consumption and property ones raise growth rates. The results will be compared to those
published in recent papers, which are surveyed in the next section. But first, the next page
includes a graphical summary of changes in the tax burden and public debt in OECD countries
since 1970. UK-specific charts are included in the Appendix.

! Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan,
Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, United Kingdom and the United States.
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Chart 1: Tax revenue, percent of GDP (OECD average, 1970-2013%)
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Chart 2: Public debt, percent of GDP
{Average 20 selected countries, 1970-2019)
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2. Literature review

2.1 Theory

The original Solow-Swan growth model, developed independently by both in 1956, is a production
function with capital and labour as inputs, constant returns to scale, and diminishing returns to capital.
The steady-state is a situation where output and capital grow at the same rate, and without technological
progress, there is no increase in growth per capita. The introduction of the ‘exogenous growth’
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assumption allows the inputs to become more productive over time through technological
improvements.

Endogenous growth models, starting with Romer (1990) and Lucas (1990), allow for sustained growth.
The Mankiw et al. (1992) endogenous growth model is an augmented version of the original Solow
one as it adds human capital accumulation. Within this model, there is no steady-state output level.
Their production function inputs are physical capital (K), human capital (H) and labour (L). The
technology level is assumed to be labour-augmenting. A Cobb-Douglas production function which
approximates their empirical research is:

Y= K1/3 H1/3 L1/3 (1)

It has been discussed (Myles, 2000) that in exogenous models with a steady-state growth rate, fiscal
policy can only affect the output level but not the growth rate. In endogenous models like Barro (1990),
policy changes can affect both levels and growth. For empirical research, the difference is not essential>.
Even within the exogenous growth framework, the transition period between two steady-state levels
will be indistinguishable from growth rate changes in the medium term.

Within this framework, there are several theoretical ways through which the tax structure can
affect economic growth. The role of trade taxes is not discussed, as their size is minimal for the
countries and periods selected in this study.

Heer (2009) argues that income tax increases can have diverse effects on labour supply: they
will reduce it if the substitution effect consequence of a marginal tax rate hike is higher than
the income effect derived by the average rate change.

Capital income taxes reduce the incentive for savings - especially in periods of inflation, as it
increases the effective rate of the tax. Mankiw (2009) believes that the worldwide trend
towards reduced capital income taxation is consistent with optimal tax theory. Chamley (1986)
and Judd (1985) found that the optimal capital tax rate is zero.

Within the endogenous growth framework, a key factor of economic growth is human capital
accumulation (Lucas, 1990) which marginal income tax rates can impact, as they reduce the
main benefit from education: a higher future income. This negative effect can be increased if
unqualified workers’ wages are low-taxed, as the opportunity cost of education is directly
related to their real wages.

Slemrod and Bakija (2008) explain that marginal income tax rates affect incentives for
innovation and entrepreneurship, which improve technology and productivity because they
reduce the high but uncertain awards expected from those activities. They also discuss the role
of tax subsidies, as subsidising certain activities implies penalising others. They argue that the
beneficial tax treatment of investment in housing reduces investment in more productive
sectors of the economy.

It is worth noting that, theoretically, some tax categories may not be as distinct as they seem in
practice. For example, an income tax which exempts the ‘normal’ rate of return to capital has
a similar effect on incomes as a consumption tax (Adam et al.,2011).

2 Bernanke and Girkaynak (2001) find that long-run growth is correlated with behavioural variables such as the
savings rate, which cannot be explained by exogenously.
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2.2 Empirical evidence

Haberger (1964) argued that while the theory predicted clear effects of taxation on growth, the
empirically observed effects were minor: taxation could reduce growth rates at most by 0.2%,
and only through its impact on savings. Summarising the past century’s research, Myles (2000)
stated that the empirical evidence was unambiguous: the effect of taxation on growth, if
detected at all, was minor.

Deveroux and Love (1994) maintain that capital income, wage, and consumption taxes all
reduce growth rates and that capital taxes are the least efficient in raising revenue. Hungerford
(2013) finds no evidence in the US post-WWII of a negative effect on growth from tax rates
on capital income. Dobbins and Jacob (2016) researched the impact of the 2008 reduction of
corporation tax rates on German firms and found that it led to a one-to-one increase in real
investment.

The empirically observed effects of taxes on employment are nuanced too. Prescott (2004)
suggests that marginal tax rates on labour and consumption explain why Americans in the
1990s worked 50% more than Europeans. OECD (2011) reports that income tax rates combined
with benefits and pension systems affect second-earners’ participation levels but not working
hours. There is not much evidence that marginal income rates affect workers’ mobility. A cross-
country analysis from Piketty et al. (2014) shows that cutting top tax rates does not increase
economic growth. Madsen et al. (2021) studied the effects of labour taxation on human capital:
while personal income taxes reduce investment in tertiary education—as predicted by Lucas
(1990)—they increase R&D investment, so their net effect on growth might be positive.

International organisations like the EU and the OECD have published research on fiscal
taxation and growth. Barrios and Shaether (2008) recommend shifts from taxes on capital and
labour income towards consumption taxes to enhance growth. OECD (2010) prescribes a ‘fax
and economic growth ranking order’ in which corporate taxes are the most detrimental to
growth, followed by personal income taxes and consumption taxes. The less adverse taxes for
growth would be property taxes. It is worth noting that OECD countries have recently agreed
on a reform of international taxation, including a minimum rate of 15% for multinational
enterprises.

The results of a large number of panel data studies on tax structures and growth are summarised
in Table 1 (next page). They usually examine advanced economies from the 1970s using
macroeconomic tax aggregates. The results of most, but not all, studies have similar
recommendations to the OECD ‘ranking’ discussed. Apart from the inherent problems derived
from using aggregated data, a pitfall in recent studies, this one included, is that they do not
account for non-linear effects of taxation on growth (Jairnovich & Rebelo, 2016). Also, most
papers reviewed do not assess the role of using public deficit as a financing tool, and few
discuss cross-sectional dependence. Another problem is publication bias. Alinaghi and Reed
(2021) found evidence that journals discriminate against publications which do not show
adverse effects of taxes on growth. Gechert and Heimberger (2021) found that by correcting
this bias, there is no evidence that corporation taxes affect growth — as most research claims.

Finally, two research directions grounded on macroeconomic simulations are worth
mentioning. The first (Pabst, 2022) supports a progressive consumption tax to increase labour
supply and savings rates. The second (Komhof et al., 2021) suggests that increasing land value
tax rates substantially and reducing capital and labour income taxes accordingly would increase
the output level by 15%.
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Table 1: Panel-data studies?

Source

Comment

Easterly & Rebelo (1993).

No robust links were found between tax variables and growth.

Mendoza el al.(1996)

Tax rates are unlikely to affect growth, but they moderately alter investment.

Engen & Skinner (1996)

Reducing all marginal tax rates by 5% increases the growth rate by 0.2-0.3%.

Kneller et al.(1999) and Distortionary taxation (income, corporation and property taxes) reduces growth, and

Bleaney et al.(2001) non-distortionary taxation (taxes on goods and services) does not.

Wildmalm (2001) Shifts from income and property taxes to indirect taxes promote growth.

Lee & Gordon (2005) A 10% reduction in the corporation tax rate raises the growth rate by 1-2%,

Arnold (2008) A 1% shift in revenue from income and corporation taxes to taxes on property and
goods and services increases the growth rate by up to 1%.

Romer & Romer (2010) Tax increases of 1% of GDP lower real GDP typically by 2.5% in the USA post-
WWIL

Gemmell et al.(2011) Using different estimators than Gemmell et al.(2001), the distortionary and non-
distortionary taxes’ effects on growth are still present but smaller than before.

Xing (2011) Shifting tax revenue towards property taxes has a positive effect on growth.

Acosta & Yoo (2012) Shifts of 1% from income to property taxes increase growth rates by 0.1% and up to
0.25% when shifting towards property taxes in high-income countries.

Bujang et al.(2013) Evidence of long-term relationship (cointegration) tax structure/growth.

Gemmell et al.(2013) Marginal income tax rates reduce growth rates, and low corporation tax rates in
foreign countries reduce domestic growth.

Arachi et al.(2015) Shifts from capital and income towards consumption taxation increase growth.

Bakija & Narashimham No evidence of a long-term relationship (cointegration) between tax structures and

(2015) growth rates from a panel of 79 countries.

Stoilova (2016) Income, import and consumption taxes positively affect growth, while corporation
taxes have a negative effect (EU-28 countries).

Arin et al.(2017) A negative effect of top corporate tax rates on growth. Income taxes are neutral.

Di Sanzo et al.(2017) Income and consumption taxes hurt growth; property taxes have a positive effect.

McNabb (2018) Increasing income tax revenue by 1% reduces growth by 0.11%, while shifts towards
corporation and property taxes have similar positive effects on growth.

Alinaghi & Reed (2020) Their meta-analysis suggests that shifting 3.5% of tax revenue from income,
corporation, and property taxes to taxes on goods and services increases growth by
0.2%. A shift in the opposite direction reduces growth by 0.2%

Alfo et al.(2022) A 10% reduction in income or corporation tax rates raises the GDP growth rate by

0.6% and 0.3%, respectively.

3 Only three studies in Table 1 —Easterly and Rebelo (1993), Mendoza et al. (1996), and Bakija & Narashiman
(2015)— did not find a relationship between tax variables and growth.
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3. Data and methodology
3.1 Data

A common approach for assessing the effect of taxation on economic growth is to estimate a
baseline growth equation, adding to its right-hand side a set of fiscal variables. The baseline
equation for this study regresses the growth of GDP p.c. against (the growth of) total hours
worked, capital stock, both from Penn World Table (10.1), and the Human Development Index
(HDI), produced by the United Nations Development Programme (HDI, 2022). These variables
are different to standard regressors used in the literature. Using total hours worked could
evidence the effect of labour supply on growth better than employment figures. Capital stock
estimates may be less endogenous than investment-to-GDP ratios. Finally, selecting HDI as a
proxy for human capital was necessary because of the lack of recent data on average years of
schooling®. HDI is the geometric mean of expected years of education, life expectancy and
gross national income per capita. While the latter indicator is endogenous, HDI is considered
an adequate but not perfect measure of human capital.’

The fiscal regressors used in the main specification from the OECD Fiscal database (2023) are
total tax revenue as a per cent of GDP and four tax categories expressed as shares of the overall
tax burden. These can be considered implicit tax rates and account for more than 95% of all
tax revenue in the selected countries. They are personal income taxes (IT), including social
security contributions and payroll taxes, corporation income taxes (CT), property taxes (TP),
and taxes on goods and services (TGS). Some specifications add deficit and non-tax revenues
to the specification, as it could be helpful to model them as part of the total fiscal revenue.

Gemmell et al. (2013) discuss the merits of using average tax rates (ATRs) as fiscal variables
instead of implicit tax rates. ATRs are the ratios between the revenue from a tax and its tax
base as measured in the national accounts (i.e. the ATR on labour is the ratio of the revenue
obtained from taxing labour to the total income from labour in an economy). ATRs remove
some endogeneity compared to implicit tax rates, as they are unaffected by tax base changes.
This study uses McDaniel’s (2007) ATRs as another modelling option.

Gemmell et al. (2013) explain that statutory tax rates can reduce the endogeneity further. They
are decided by governments instead of being macroeconomic aggregates. This study also shows
a regression with marginal IT and CT rates as regressors (from OECD, 2023), as they could
affect growth through innovation and entrepreneurship. Using marginal tax rates has its
drawbacks, too: they do not account for the effect of rate thresholds and the role of tax reliefs.
Also, endogeneity is still present, as governments can change marginal tax rates in response to
economic fluctuations.

3.2 Methodology

As discussed in Section 2, labour and capital accumulation drive economic growth in
neoclassical growth models, so the tax structure can only affect growth through those
production factors. In endogenous growth models like Lucas (1990), fiscal policy directly
affects economic growth. Mankiw et al. (1992) augmented Solow model allows for the

4 Penn World Table’s Human Capital Index is used only in some regressions, as it may be non-stationary.
3 Tvanova et al.(1999) explain that HDI is better at measuring the current level of development than the future.
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estimation of the effect of fiscal variables on growth even when the underlying growth process
follows Solow’s or Lucas’model.

Y(t) = K@) H(1) (A@) L))" 2)

Equation (2) represents a Cobb-Douglas production function with a constant returns-to-scale
technology. Output level at time (t) is a function of physical capital (K), human capital (H),
and labour (L) —augmented by the technological efficiency level (A). a, B, and 1-0-p are the
partial elasticities of each production factor. Within this specification, taxation could affect
growth through the factor levels (K, H, and L) or technological efficiency (A) if, for example,
they affect innovation or entrepreneurship.

Different ways exist to adapt equation (2) to panel data with a long-time series component.
Early research on taxes and growth used specifications which averaged periods of five years or
more due to limitations of the modelling available, suited to microeconomic panels with large
cross sections and short timespans. Such an approach discards information and data dynamics.
Pesaran et al. (1999) introduced the Pooled Mean Group (PMG) estimator suited to dynamic
modelling. PMG estimation requires re-parameterising equation (1) into a panel ARDL
specification first and then again into an Error Correction model, as shown in equation (3) on
the next page.

Alnyi= aoi— $lnyis + aii SE + azihi— azing + Y aji ‘/“{'i‘ Fi(t)
+ by Alnsl + bailInhis + bsidinni + Y bji AV, + Fi(t) + e )

In equation (2), y is the output per capita, s* is the growth of capital per working population, h
is the growth in human capital (HDI), n is the growth in total hours worked, ap denotes country
fixed effects, (t) is a function on time, and V is the vector of fiscal variables. The long-term
coefficients (ai, az, as, aji) are the main ones discussed in this study. The second line of the
equation estimates the short-term coefficients, ¢ is the speed of adjustment between short and
long-term., and € the error term. Equation (3) is the main functional form used.

The PMG estimator allows short-term coefficients to differ while imposing a unique long-term
coefficient for all cross-sectional units. This feature makes the PMG preferable to other
estimators for Panel ARDL. PMG accounts for heterogeneous short-term output responses to
tax changes among the selected countries, which may result from diverse industrial or labour
regulations. At the same time, the pooled estimation in the long term brings more efficient
estimates assuming that output responses to fiscal variables are homogeneous in that long term.
This assumption has been assessed and upheld through Hausmann tests (Arnold, 2008;
Gemmell et al.,, 2013) which makes intuitive sense when regressing advanced market
economies. This paper reports the results of an alternative estimator (Mean Group estimator)
in a robustness test. This estimator reports the mean of the individual cross-sections'
coefficients, so the estimation is less efficient than PMG.

3.3 The budget constraint and estimation process.
Kneller et al. (1999) discuss the importance of specifying the full government budget constraint

when assessing the effects of fiscal policy. The budget, including expenditure, revenue, and
deficit, is a closed system and adds to zero. They demonstrate that when omitting one of the
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fiscal policy variables in the regression, to avoid multicollinearity, that omitted variable is the
compensating element of the budget constraint. Arnold (2008), among others, modified this
methodology to assess strictly the effect of taxation on growth. The process involves regressing
tax categories expressed as shares of the total taxation and controlling for total tax revenue.
When the regression omits a tax category, the coefficients for the regressors show the effect on
growth of tax revenue increases in the included category, offset by an equivalent reduction of
the share of taxation in the omitted one.

This paper uses a similar approach to Arnold (2008) in the main regressions® to assess the effect
of revenue-neutral tax changes on growth. The dataset selected extends the timespan of
previous studies until 2019. The results section shows alternative specifications which regress
different fiscal variables, as discussed in section 3.1, while trying to address endogeneity and
differentiate the effects of taxes on growth through technology and innovation from possible
impacts through the factors of production.

The robustness checks include standard econometric tests, other tests specific to panel datasets
with a considerable time-series element, and an assessment of the risk of endogeneity. They
conclude with a test on cross-sectional dependence.

Before the results, the next pages include charts of the fiscal variables and a visual
representation of the PMG estimator. Implicit tax rates data is available from 1970 to 2019 for
all the countries mentioned in the introduction. Average tax rates data is only available from
1960 to 2002 and excludes Denmark, Greece, Ireland, New Zealand and Norway from the
original 20 countries. Marginal tax rates data are restricted too, from 1981 to 2019, and exclude
Japan, Norway and Switzerland. A complete set of UK-specific charts is included in the
Appendix.

Table 2: Summary of data and methodology.

Type Description Source
Dependent variable GDP p.c. Penn World Table (10.1)
Baseline regressors Capital stock, average working hours Penn World Table (10.1)
Baseline regressor Human Development Index United Nations (2022)
Fiscal regressors Total tax revenue, taxes as a share of total taxation, OECD (2023)

deficit, non-tax revenue
Fiscal regressor Average tax rates McDaniel (2007)
Fiscal regressor Marginal corporation, income tax rates OECD Tax Statistics (2023)
Model Panel ARDL Pesaran et al.(1999)
Estimator Pooled Mean Group (PMG) Pesaran et al. (1999)

6 Arnold (2008) omits one tax variable at a time. This approach was plagued by multicollinearity in some
regressions, avoided when omitting two fiscal variables in most estimations..
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Chart 3: Implicit tax rates, percent of GDP (OECD average, 1970-2013)
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Chart 4: Implicit tax rates, percent of total tax revenue
(OECD average, 1970-2019)
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Chart &: Average tax rates (15 OECD countries, 1960-2002)
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Chart 7: Comparing PMG estimation with Fixed-effects estimation.
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4. Results

4.1 Baseline and main specifications

Table 3 shows a growth baseline regression. A 1% increase in capital per worker correlates
with a 0.12% increase in GDP p.c. growth rate, while a 1% increase in working hours, with
0.87%. A 1% growth in the HDI correlates with a 0.75% increase in output growth rate. The
values are slightly smaller than the ones shown by Arnold (2008) for physical and human
capital. The labour force growth coefficient is substantially higher than in Gemmell et al.(2013,
table 1), probably due to the use of hours worked as a regressor instead of employment figures.
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Table 3: Regression 1, baseline.

Dependent variable: Growth of GDP p.c.

Labour force growth (hours worked) 0.87 (0.05)***
Human capital growth (HDI) 0.75 (0.26)***
Physical capital growth (stock per employed) 0.12 (0.02)***

The regression outputs’ include the long-term coefficients with standard errors in brackets and the significance
levels: * at 10%, ** at 5% level; *** at 1%.

The following regression (Table 4, next page) adds to this baseline the share of four taxes as a
per cent of the total tax revenue and the total tax revenue as a control variable in order to
achieve revenue neutrality, so increases in the share of tax revenue for the included tax
categories are offset by equivalent decreases in the share of the omitted ones. Column 1 shows
that an increase in the IT share of 1% offset by a reduction of the share of taxes on goods and
services TGS or TP is correlated with a 0.14 decrease in GDP p.c. growth. The CT coefficient
is not significant. Column 2 shows how increases in TP and TGS, offset by reductions in CT
and IT, are favourable for growth. The coefficients’ values are not too dissimilar to Gemmell
et al.(2011) and McNabb (2018). Arnold (2008) shows a significant negative effect of CT on
growth and substantially higher coefficients. The surprising positive growth effect of the total
tax burden is also found in McNabb (2018), while it has a large negative effect in Furceri et
al.(2007).

Table 4: Regressions 2(1) and 3(1), implicit tax rates.

Dependent variable: Growth of GDP p.c. M )
Labour force growth 0.90 (0.05)*** 0.90 (0.05)%**
Human capital growth 0.61 (0.24)** 0.86 (0.24)%**
Physical capital growth 0.12 (0.02)***  0.15 (0.06)***
Tax revenue, % of GDP 0.08 (0.04)* 0.12 (0.05)***
I —0.14 (0.04)***

cT —0.08 (0.06)

TGS 0.16 (0.07)***
TP 0.17 (0.05)***
Revenue-neutrality achieved by omitting: TGS, TP IT,CT

The regression outputs® include the long-term coefficients with standard errors in brackets and the significance
levels: * at 10%, ** at 5% level; *** at 1%.

7 All PMG regressions also yield coefficients for short-term dynamics, speed of adjustment, a linear trend, and
country-specific coefficients. Because they do not affect long-term growth results, these coefficients are excluded
from the text, but they are available upon request. The coefficients for speed of adjustment suggest that the output
response to fiscal changes is fast: 90% is achieved within a year; Gemmell et al. (2006) discuss this aspect in
depth.

8 All PMG regressions also yield coefficients for short-term dynamics, speed of adjustment, a linear trend, and
country-specific coefficients. Because they do not affect long-term growth results, these coefficients are excluded
from the text, but they are available upon request. The coefficients for speed of adjustment suggest that the output
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Regressions 2 and 3 do not account for non-tax means of financing public expenditure: public
debt and non-tax revenues. The following specification adds both variables to the regression,
so the total revenue variable now includes all taxes, deficit, and non-tax revenue. Again, the
regressions omit different taxes at a time to compensate for changes in the variables regressed
to achieve revenue neutrality. The results are close to the previous regression, but now CT has
a statistically significant negative effect on growth. Also, column 1 suggests that financing
expenditure through deficit and offsetting this with TP and TGS reductions is negative for
growth. When IT and CT reductions offset deficit increases, its coefficient is not statistically
significant. These coefficients are not dissimilar to the ones shown by Gemmell et al. (2013),
noting that they include TP as part of a distortionary taxes group, along with IT and CT, and
they add public expenditure to the regression.

Table 5: Regression 4(1) and 5(2), implicit tax rates with deficit.

Dependent variable: Growth of GDP p.c. M )
Labour force growth 0.67 (0.06)*** 0.63 (0.06)***
Human capital growth 0.72 (0.21)*** 0.97 (0.22)%**
Physical capital growth 0.14 (0.02)*** 0.13 (0.02)***
Total fiscal revenue, % of GDP 0.00 (0.03) 0.01 (0.04)

IT —0.11 (0.04)***

CT —0.15 (0.06)**

TGS 0.11 (0.05)**
TP 0.13 (0.08)*
Government deficit, % of GDP —0.13 (0.03)***  —0.01 (0.02)
Revenue-neutrality achieved by omitting: TGS, TP IT, CT

The regression outputs’® include the long-term coefficients with standard errors in brackets and the significance
levels: * at 10%, ** at 5% level; *** at 1%.

4.2 Alternative tax measures

Table 6 shows a regression of growth on average tax rates (ATRs). As discussed in section 3.1,
using ATRs reduces the specification’s endogeneity. However, they cannot be modelled within
a revenue-neutral framework. Still, the tax coefficients are like previous estimates: a 1%
increase in the ATR on labour correlates with a reduction of GDP growth by 0.16%, and a

response to fiscal changes is fast: 90% is achieved within a year; Gemmell et al. (2006) discuss this aspect in
depth.

% All PMG regressions also yield coefficients for short-term dynamics, speed of adjustment, a linear trend, and
country-specific coefficients. Because they do not affect long-term growth results, these coefficients are excluded
from the text, but they are available upon request. The coefficients for speed of adjustment suggest that the output
response to fiscal changes is fast: 90% is achieved within a year; Gemmell et al. (2006) discuss this aspect in
depth.
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similar increase in the ATR on capital correlates with a 0.08% reduction. Consumption taxes
have a positive effect on growth, too, even without revenue neutrality. The speed of adjustment
to a fiscal change, although not shown, is 20-25% slower than in previous regressions. This
could be explained by these variables' lower risk of reverse causality and endogeneity. Note
that in this regression, the period analysed is 1960 to 2002 and excludes Denmark, Greece,
Ireland, New Zealand and Norway from the original 20 countries, and labour force is measured
as growth in employment figures.

Table 6: Regression 6, ATRs.

Dependent variable: Growth of GDP p.c.

Labour force growth 0.71 (0.07)***
Physical capital growth 0.28 (0.04)***
ATR, labour —0.05 (0.02)***
ATR, capital —0.07 (0.03)**

ATR, consumption 0.12 (0.04)%**

Section 2 discussed how marginal and corporation income tax rates could affect growth. In
Table 7, the coefficients for these variables are not significant. Gemmel et al.(2013) found
robust evidence that the top rate of income tax has adverse effects on growth, whereas Piketty
et al.(2011) did not. This may derive from using different measurements of marginal rates and
from the fact that they are crude measurements of taxation, as they do not account for tax reliefs
or rate thresholds. This regression excludes Japan, Norway and Switzerland from the original
group and the period studied is 1980 to 2019.

Table 7: Regression 7, marginal tax rates.

Dependent variable: Growth of GDP p.c.

Labour force growth 0.91 (0.06)***
Human capital growth 0.58 (0.21)%**
Physical capital growth 0.06 (0.02)%**
Marginal income tax 0.00 (0.01)
Marginal corporation tax 0.00 (0.01)

4.3 Residual growth

Previous models include production factors as regressors. Apart from adding endogeneity to
the estimation, this makes it difficult to isolate the effects of fiscal variables on growth
indirectly, through labour and capital, from their direct impact through innovation or increased
returns to capital derived from entrepreneurship. Gemmell et al.(2013) found a neat way to
confirm the fiscal effects on growth outside the factors of production. It consists of regressing
the residuals from regression 1, the baseline growth specification (its residuals acting as a
‘Solow residual growth’ unexplained by the factors of production) against tax regressors. While
other factors will affect that residual growth, such regression can be used to attest if the fiscal
variables have some explanatory power on that residual growth. Table 8 shows regressions on
that ‘growth residual’ within the revenue-neutrality framework. Comparing their coefficients
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with previous ones is misleading, as now they should only explain the effect of tax variables
on that growth residual, which is part of the overall growth.

Table 8: Regressions 8(1) and 9(2), implicit tax rates.

Dependent variable: Residuals of growth baseline regression M (2)

Tax revenue, % of GDP 0.05 (0.04) 0.11 (0.04)%**
IT —0.10 (0.03)***

CT —0.00 (0.06)

TGS 0.10 (0.04)***
TP 0.17 (0.06)***
Revenue-neutrality achieved by omitting: TGS, TP IT, CT

Regression 10 assesses I'T and CT’s effect on productivity (GDP per hour worked), part of that
‘growth residual’. There is a negative IT correlation with productivity.

Table 9: Regression 10, implicit tax rates.

Dependent variable: GDP per hour worked

Labour force growth —0.08 (0.06)***
Human capital growth 0.58 (0.04)***
Physical capital growth 0.18 (0.02)***
Tax revenue, % of GDP 0.06 (0.04)

I —-0.15 (0.04)***
cr —0.06 (0.06)
Revenue-neutrality achieved by omitting: TGS, TP

4.4 Growth through the factors of production

Assessing the effect of taxes on production factors may give some insights into how they affect
growth indirectly through them. Table 8 shows regressions on factors against the ATRs on
labour and capital. While there is a clear risk of omitted variable bias, the regression follows
the spirit of Pesaran (2017))!°. While the effect of the labour tax on labour is small, the effect
of the average taxes on capital is surprisingly large. While the ‘residual growth’ regression did
not find significance for the coefficient of capital taxation, the large coefficient shown below
could reflect the effect of capital ATRs on growth through investment and signal the potential
endogeneity of previous estimations. Notably, regressing average working hours, within the
revenue-neutrality framework, yielded no significant tax coefficients. This is consistent with
empirical evidence (OECD, 2011) of income taxes affecting participation levels via the
incorporation of second earners rather than through its effects on hours worked.

10 This applied paper claims explanatory power from coefficients yielded by some models where public debt is
the only regressor. Pesaran, the creator of the PMG estimator (Pesaran, 1999), seems untroubled about bias,
perhaps because such a regression reduces endogeneity, and the specification includes fixed effects.
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Table 10: Regressions 11(1), 12(2), and 13(3), ATRs. Dependent Variables

Independent variables (1) Labour force (2) Human capital (3 ) Physical capital
ATR, labour —0.08 (0.03)** 0.00 (0.00)
ATR, capital 0.02 (0.00) —0.40 (0.09)***

A different way to assess the indirect effect of taxes on growth through the production factors
is by excluding them from the regression and comparing their coefficients with those from a
regression which includes them. While this again increases the risk of omitted variable bias, it
decreases the risk of endogeneity. Table 12 shows this comparison: the coefficient for the effect
of ATRs on capital has doubled, while the one for ATR on labour is similar. The consumption
tax coefficient is no longer significant.

Table 11: Regressions 6(1) and 14(2) omitting production factors.

Dependent variable: Growth of GDP p.c. M )

Labour force growth 0.74 (0.07)***

Human capital growth 1.27 (0.41)***

Physical capital growth 0.26 (0.04)***

ATR labour —0.16 (0.04)***  —0.15 (0.04)***
ATR capital —0.08 (0.04)* —0.15 (0.05)***
ATR consumption 0.08 (0.05)* 0.07 (0.04)

Summarising the results and assessing the mechanism through which taxes affect growth is
difficult. If average taxes on labour affect labour growth in regression 11, why are its
coefficients unchanged after omitting labour as a regressor? Human capital reacts positively
(with a very small coefficient) to higher ATRs on capital but not negatively to ATRs on labour,
which contradicts Lucas (1990). Perhaps raising the costs of capital marginally increases labour
training as capital tax raises renders labour relatively cheaper. In any case, the human capital
variable used for this specification may be non-stationary at first-difference, which will bias
panel ARDL estimation. Regression 2 suggests no impact of CT on growth. In contrast,
regression 4 shows a negative effect when adding deficit as a regressor, which may be explained
by the combined effect of the tax and the crowding-out effect of deficit on investment. This
negative effect of CT in regression 4 is not confirmed by the ‘growth residual’ regression using
ATRs. Moreover, the growth residual regression should yield higher tax coefficients than when
estimating their effect on overall growth, as the residual growth is part of it.

A possible explanation for these inconsistencies is that the regressions report biased coefficients
due to endogeneity and omitted variables. The conceptual difference between implicit tax rates
and ATRs may confound things further. The robustness checks section discusses these issues
in depth.
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Table 12: Summary of results Implicit tax rates, regressions 4,5 ATRs, regressions 7,10

Growth variables/Tax variables IT CcT TGS TP Labour Capital Consumption
Growth of GDP p.c. — — + + —_ —_ +
Residual growth/productivity — ? + + —_ — +

Labour force growth —
Human capital growth ? +

Physical capital growth —

5. Robustness checks

5.1 Standard tests

Several specifications regress shares of total tax revenue which implies potential collinearity,
as together they add up to 1. The revenue-neutrality framework reduces this risk in some
regressions, as they omit fiscal variables. The low correlation between variables shown in Table
13 reduces the multicollinearity risk even further.

Table 13: Correlation coefficients, non-fiscal variables.

Growth of GDP p.c. Labour force growth Human capital Physical capital
growth growth
Growth of GDP p.c. 1.00
Labour force growth 0.40 1.00
Human capital growth 0.24 0.05 1.00
Physical capital growth 0.06 —0.26 0.08 1.00

Chart 5 shows the Jarque-Bera test results and a histogram of the residuals for regression 2.
The test rejects the null hypothesis that they are normally distributed, suggesting an omitted
variable, as expected in growth regressions. Recent literature (Knief & Forstmeier, 2021)
consider that violating the normality assumption has limited risks for estimation,
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Chart 8: Residuals of regression 2, histogram and Jarque-Bera test.

_ Series: Residuals
200 Sample: 1970-2019
Observations: 980

160 Mean 2.05e—18
Median 8.91e—05
120 Maximum 0.110128
Minimum —0.106585
% Std. Dev. 0.024401
I I Skewness —0.128002
“ I I Kurtosis 5.018397
Jarque-Bera 169.0281
° -_&E___-&g 0.00 E(; 0.10 Probability 0.000000

Table 14 shows the results of the Im, Pesharan and Shim (IPS) and Augmented Dickey-Fuller
(ADF) tests, with mixed evidence of stationarity in the residuals for regression 2, indicating
that the regression could be spurious (Woolridge, 2008). If they were stationary, this would
imply that the residuals are homoscedastic, as expected from a dataset with a strong time-series
component. In both tests, the null hypothesis is the existence of a unit root.

Table 14: Residuals of regression 2, further tests.

Null hypothesis: unit-root and no-autocorrelation Statistic Prob.
Ipst? —2.77 0.00
ADF 50.10 0.11

Ljung-Box Q 28.46 0.00
Ljung-Box Q regression 16 19.53 0.08

Table 14 also shows the results of the Ljung—Box Q test for autocorrelation. The null hypothesis
is no-autocorrelation, which cannot be rejected up to the 12" lag'?. Table 15 compares the
original specification with a two-lagged one which does not show signs of autocorrelation up
to the 12" lag. It is worth noting that the Schwarz-Bayesian information criterion (SIC) used
in these regressions - following Pesaran et al. (2009)- selects one-lagged specifications.
Regression 16 also confirms the stability of the specification with different lag structures, as
Arnold (2008) reported.

"1 IPS was selected for the residuals because is a panel unit root test. Several lag lengths were tried, and the
reported result tested 12. The test suggested non-stationarity with a very large number of lags. ADF lag selection
follows Schwert’s (1989) recommendation of 10 lags for a 50-year timespan.

12 An informal rule for Ljung-Box Q lag selection is to divide the number of years by four or five.
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Table 15: Regression 2(1) compared to the two-lagged regression 16(2).

Dependent variable: Growth of GDP p.c. M )
Labour force growth 0.90 (0.05)*** 0.89 (0.07)***
Human capital growth 0.61 (0.24)** 0.69 (0.25)***
Physical capital growth 0.12 (0.02)*** 0.11 (0.03)***
Tax revenue, % of GDP 0.08 (0.04)* 0.12 (0.04)***
IT —0.14 (0.04)*** —0.12 (0.04)***
CT —0.08 (0.06) —0.05 (0.06)
Revenue-neutrality achieved by omitting: TGS, TP

Another robustness test used in the literature consists of comparing regressions with the same
variables but different timespans. Table 12 compares regression 2 with another, which restricts
the years analysed to 1975-2010 (regression 17) and shows asymmetrical changes in the
magnitude of the coefficients, but their signs remain unchanged.

Table 16: Regression 2(1) and regression 17(2).

Dependent variable: Growth of GDP p.c. M (2)

Labour force growth 0.90 (0.05)*** 0.90 (0.06)***
Human capital growth 0.61 (0.24)** 0.61 (0.24)**
Physical capital growth 0.12 (0.02)*** 0.14 (0.00)***
Tax revenue, % of GDP 0.08 (0.04)*** 0.18 (0.05)***
IT —0.12 (0.04)*** —0.09 (0.05)***
CT —0.08 (0.06) —0.13 (0.07)*
Revenue-neutrality achieved by omitting: TGS, TP TGS, TP

Two further tests are shown in Table 17: Regression 18 omits two of the smallest countries in
the sample'?, and regression 19 adds inflation as a regressor. Column 1 shows the outputs for
the original regression 4. The changes after reducing the country selection are negligible.
However, adding inflation reduces the coefficients of IT and CT, brings a significant negative
coefficient for total revenue, and the coefficient for deficit loses significance. Similar results
were reported with and without a linear time trend.

13 Ireland and Norway are omitted. Apart from being two of the smallest countries in the sample, they have some
fiscal singularities. Ireland has had the lowest CT rates in the sample during the last two decades, and Norway has
the highest non-tax public revenues due to oil exports.
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Table 17: Regression 2(1) compared to regression 18(2) omitting two countries and 19(2) adding inflation.

Dependent variable: Growth of GDP p.c. M (2) 3)
Labour force growth 0.67 (0.06)*** 0.70 (0.06)*** 0.49 (0.02)***
Human capital growth 0.72 (0.21)%** 0.72 (0.21)%** 1.15 (0.21)***
Physical capital growth 0.14 (0.02)***  0.15 (0.03)*** 0.09 (0.02)***
Inflation (Consumer Price Index) —0.02 (0.02)
Total fiscal revenue, % of GDP 0.00 (0.03) 0.02 (0.04) —0.09 (0.03)***
IT —0.11 (0.04)*** —0.12 (0.04)*** —0.05 (0.03)*
CT —0.15 (0.06)***  —0.17 (0.07)** —0.10 (0.05)**
Government deficit, % of GDP —0.13 (0.03)*** —0.15(0.04)***  —0.04 (0.03)
Revenue-neutrality achieved by omitting: TGS, TP TGS, TP TGS, TP

5.2 Time-series tests'*

Panel ARDL estimation requires stationary at levels 1(0) or at first-difference, I(1) for all the
variables. The ADF test (Table 18) indicates that this is true for taxes expressed as shares of
tax revenue. ATRs fail the test. However, IPS testing suggested that they might be I(1) or I(2),
depending on the lag selection. Surprisingly, the growth rate is I(1) using the ADF test, while
the IPS test reports I(0) with some lag lengths.

Table 18: ADF test. Level First-difference

Null hypothesis: unit-root Statistic Prob. Statistic Prob.
Growth of GDP p.c. 50.72 0.12 —5.68 0.00
IT 45.25 0.26 93.53 0.00
CT 32.42 0.19 58.35 0.03
TGS 41.41 0.41 73.03 0.00
TP 36.51 0.62 64.33 0.01
ATR, labour 32.42 0.35 20.98 0.89
ATR, consumption 17.13 0.97 33.85 0.88
ATR, capital 25.39 0.71 38.14 0.15

Most of the surveyed literature reports output growth as 1(0) and fiscal variables as I(1). Jones
(1995) argued that non-stationary variables could not explain stationary ones like GDP growth
unless ‘by some astonishing coincidence all of the movements in variables that can have
permanent effects on growth rates have been offsetting’. Gemmel et al.(2011) argue that this
paradox can be explained because fiscal policy is volatile and because ‘growth-enhancing and
growth-retarding fiscal changes often occur simultaneously.” For Bajika & Narashiman
(2015), though, this issue negates the possibility of taxation changing the long-term growth
rate: at most, tax policy can affect only the output level, However, it can be argued that, as
discussed in section 3.1, a slow change towards a higher output level will look similar to a
growth rate change.

14 Due to their length, some test results are not shown. They are available upon request.
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Another consequence of the claimed growth rate’s stationarity is that it cannot be cointegrated.
This would reaffirm the idea of no long-term relationship between tax variables and growth
rates and that the regression results may be either spurious or the consequence of unobserved
factors which affect growth and taxation, which would be at odds with the stationary behaviour
of regression 2 residuals in the ADF test. Cointegration implies at least one causal relationship
between variables, understood as Granger-causality, which is helpful for forecasting but does
not mean true causality.

As the ADF test suggests that growth may be I(1) in the period studied, it makes sense to test
for cointegration. Table 19 shows the first four indicators reported in pairwise cointegration
tests between growth and taxes. The Pedroni tests include seven indicators which, overall,
strongly suggest cointegration. Cointegration implies a solid long-term relationship and
assumes that both variables are I(1). This result should be taken with caution due to the mixed
result of the stationarity test. Also, after rigorous testing, Bajika & Narashiman (2015) could
not find cointegration between the variables.

Table 19: Pedroni cointegration test (3 lags following Pedroni, 1997).

Null hypothesis: No-cointegration v-Statistic(p) Rho-Statistic(p) PP-Statistic(p) ADF-Statistic(p)

Growth—IT 9.03 (0.00) —27.96 (0.00) —20.15 (0.00) —8.36 (0.00)
Growth—CT 1.96 (0.02) —21.67 (0.01)  —22.47 (0.00) —9.27 (0.00)
Growth—TGS 0.04 (0.48) —22.67 (0.00) —21.85 (0.00) —8.54 (0.00)

5.3 Endogeneity and reverse causality

Endogeneity and reverse causality are essential concerns in growth research. It is easy to
imagine a situation where consumption-driven growth increases consumption tax revenues or
where a recession prompts governments to change tax rates. This can be addressed using
instrumental variables. Due to the scarcity of valid instruments for tax variables, lags of the
suspected endogenous regressors are commonly used. However, lagged tax variables can still
suffer from endogeneity brought in by expectations as, for example, a government may reduce
taxes to address forecasted low growth.

This study tries to reduce endogeneity through the modelling approach, using average tax rates
in some regressions and omitting production factors in others. The specification selected
(ARDL) yields unbiased long-run coefficients even in the presence of reverse causality and
endogeneity (Pesaran et al.,1999) if the regressors are I(1), are not cointegrated among
themselves (but uniquely cointegrated with the dependent variable), have sufficient lags, and
are weakly exogenous. ADF tests show that tax variables are I(1). Table 19 and further
Johansen-Fisher tests indicate that the specification upholds the cointegration conditions, and
the recommended SIC selects the lag structure. Weak exogeneity has not been tested, however,
Gemmell et al. (2015) found that their tax variables were weakly exogenous for most countries
used in their study, which assesses a similar sample of countries and timespan than this one.'>

15 Gemmell et al. (2015) weak exogeneity test, which follows Calderon et al. (2015) requires estimating
hundreds of models.
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5.4 Cross-sectional dependence

Panel ARDL assumes that errors are cross-sectionally independent, which may not be true
when unobserved economic factors or common shocks affect different cross-sections in the
model. This could be an issue for the countries selected, as they are interdependent, so their
economic cycles are synchronised, and tax changes in a country can affect neighbours. If this
is ignored, the biases introduced in regressions are large.

The Pesaran CD test (Pesaran, 2017) results for regression 2 rejected the null hypothesis of no
cross-sectional dependence (18.94 statistic, prob. 0.00). Chudik et al.(2015) explain how
augmenting the ARDL specification with cross-sectional averages of the variables and a
sufficient number of lags (three for forty years timespans) eliminates cross-sectional
dependence bias. This modelling approach (CS-ARDL) did not find statistical significance for
the tax variables, as shown in Table 18, perhaps because such a specification, which adds extra
coefficients and lags for each variable, substantially reduces the degrees of freedom per group.
The effect is compounded because the specification is estimated with the less efficient Mean
Group estimator.

Table 20: Regression 20, CS-ARDL re-estimation of regression 2.

Dependent variable: GDP per hour worked

Labour force growth 0.45 (0.22)*
Human capital growth 0.76 (0.91)

Physical capital growth 0.08 (0.25)

Tax revenue, % of GDP —0.11 (0.22)

IT —0.18 (0.22)

CcT —0.06 (0.06)

Revenue-neutrality achieved by omitting: TGS, TP

Chudik et al.(2017) found cross-sectional dependence while researching the effects of public
debt on growth. Accounting for it changed some results: Their CS-ARDL estimation reported
no evidence of a universally applicable threshold effect at 60% debt/GDP. A previous
estimation, not accounting for cross-sectional dependence, however, did report a threshold
effect. The fact that they sampled a large number of countries may be the reason for finding
robust results using CS-ARDL. While the results of the cointegration tests add strength to this
report’s findings, the effects of inflation in the estimation and the evidence of cross-sectional
dependence, not resolved through alternative modelling, demand a sceptical conclusion
section.

6. Conclusion

This paper aimed to assess whether a relationship exists between tax structures and economic
growth and evaluate the effects on growth rates from shifting revenue between taxes. The
results of the robustness checks forbid giving a definite answer to these questions.
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Before the robustness testing, most regressions show modest, but not negligible, positive
effects on growth from shifting the burden of tax from personal income and corporation taxes
to taxes on consumption and property. A ‘Growth-friendly’ 1% shift in the tax burden is
estimated to raise growth rates by 0.1%-0.2%, partly through labour and capital and partly
through higher productivity or returns to investment. Human capital affects growth, but no
evidence has been found that the tax structure affects it. Whether taxation changes growth rates
or shifts output levels is unclear but not a critical problem.

The specification seems robust to endogeneity, and growth is perhaps cointegrated with tax
variables. However, cross-sectional dependence and the sensitivity of the results to standard
growth regressors like inflation can indicate biased coefficients, probably derived from
unresolved endogeneity and omitted variables. As the coefficients are small, the bias could be
enough to change their true signs, invalidating policy recommendations based on these results.
This is compounded because non-linear effects of tax changes have not been modelled.

Techniques that overcome cross-sectional dependence in dynamic panel data are fairly recent
findings in the literature, so future theoretical developments may help to improve
macroeconomic-based tax research. Alternatively, perhaps microeconomic research at the firm
or individual level can give more solid answers on taxation and growth. There is also literature
on the non-distortionary nature of taxation on unearned income or rent-seeking activities,
which could be empirically tested. In any case, this research does not prove that tax structures
do not affect growth. And even if they did, this would not need to be necessarily bad news:
policy-makers could use tax policy for objectives like equity without worrying too much about
its effect on growth.

To conclude, it is worth mentioning that coincidentally with this paper, VAT has celebrated its
50" birthday. In that time, it has collected three trillion pounds, which may or may not be a
motive for celebration. Also, this dissertation has been financed through the Apprenticeship
Levy —in essence, a tax relief for human capital investment.
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Appendix: UK data

Chart 9: Tax revenue, percent of GDP (UK, 1970-2013)
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Chart 10: Public debt, percent of GDP (UK, 1970-2019)
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Chart 11: Implicit tax rates, percent of GDP (UK, 1970-20159)
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Chart 12: Implicit tax rates, percent of total tax revenue (UK, 1970-2013)
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Chart 13: Average tax rates (UK, 1980-2002)
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Chart 14: Marginzll tax rates (UK, 1931-2019)
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Chart 15: Average tax rates comparison, 15 CECD countries (top)
vs UK (bottom), 1560-2002
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