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1. Introduction

The total tax rate, calculated as the ratio of total tax revenue
to Gross Domestic Product (GDP), has increased almost steadily
over the last one hundred years in virtually all European
countries, more than quadrupling or quintupling for some of
them. During the same time, the growth rate of real GDP has
been very volatile, following a complex pattern which can be
divided in a number of phases (sce for example Maddison,
1991). What has been the effect of the changes in the tax rate on
real growth? Have higher taxes resulted in slower growth, a
lower level of GDP, or both? These are the questions addressed
in this paper.

Theoretically, the answer to these questions depends on
whether one accepts the neoclassical or the endogenous growth
paradigm. Tn particular, the neoclassical growth model
‘developed by Ramsey (1928), Solow (1956), and Cass (1965)
predicts that permanent changes in the tax rate, while
permanently changing the steady-state level of output per capita,
will alter its growth only temporarily, having no permanent effect
on the economy’s steady-state growth rate. On the contrary,
endogenous growth models, such as those proposed by Romer
(1986, 1990), Lucas (1988), Rebelo (1991), and others, predict
that tax-rate changes will permanently change the growth rate of
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per capita output.’ The issue, therefore, has to be resolved
cmpirically.

This is the goal of the present paper which investigates the
cffects of the tax rate on economic growth using data from the
1885-1987 period for a panel of three Furopean countries: Ttaly,
Sweden, and the United Kingdom. Real growth rates and tax rates
have varied significantly across these countries and over time.?
Over the entire 1885-1987 period the average annual growth rate
of real GDP was 2.80% in Ttaly, 3.25% in Sweden, and 1.92% in
the U.K., while the average total tax rate was 13.2% in Italy, 13.3% -
in Sweden, and 20,1% in the UK. These average numbers,
however, mask substantial variability over time which is indicated
in Figures 1 and 2. Note that for all three countries total taxes as a
fraction of GDP have increased almost steadily. In Italy, for
example, the tax rate increased [rom about 10% in 1885 to almost
30% in 1987; in Sweden from less than 6% in 1885 to 32% in 1987,
and in the U.K. from about 7% in 1885 1o 30% in 1987. The
evolution of the tax rate is clearly related to the two world wars in
the UK. where the rate jumps from 8% in 1913 to 25% in 1929,
and from 10% in 1939 to 38% (its maximum value) in 1947. The
effect of the second world war was somewhat different in Italy
where tax revenuc as a fraction of GDP fell from about 12% in
1939 and 1940 to 4% in 1945 and 1946. Still, as recently as 1974
the tax rate in Italy was only 15%, but then it almost doubled in a
decade. Ssweden has bad a smoother experience than either Ttaly
or the UK., but we can still distinguish two major phases: (i) from
1885 to the late 1930s, when there was an almost constant single-
digit tax rate, and (ii) from the late 1930s to 1987, when the tax

“The Appendix illustrates these different results for two simple versions of the
neoclassical and endogenous growth models.

< Output is measured by GDP in constant prices, while the total tax rate is construcied
by dividing wtal government revenue by GDEP (hoth in current prices). The GDIP data
come from Liesner (1989) and the data on total government revenue from Mitchell
(19807 and Michell(1992). Both the choice of countries and the sample period were
dictated by data availabilivy.
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FIGURE 1 - Total Tax Rate, in percent: 1885-1987
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rate was double-digit with a considerably steeper rate of growth.
This marked variability of the tax rate both across the three
economies and over time should facilitate an empirical
identification of its role for real economic growth which, as
shown in Figure 2, has also been quite volatile during the 1885-
1987 period.

The rest of the paper is organized as follows. Section 2
investigates the time-series properties of the tax rate and the real
growth rate in the three countries. It is shown that, consistent with
Barro’s “tax smoothing” hypothesis, tax rates have exhibited
significant persistent changes. At the same time, cutput growth rates
have not. This is inconsistent with the endogenous class of growth
models. Sectien 3 uses a dynamic time-series model in order to
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FIGURE 2 - Growth Rate of Real GDP, in percent: 1885-1987
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estimate directly the permanent growth effect of an increase in the
tax rate. The hypothesis that this effect is zero cannot be rejected for
any of the countries. In addition, the effects of an increase in the tax
rate on real growth are shown to be short-lived. This suggests that a
change in the tax rate permanently alters the level of output but has
no permanent effects on the output growth rate. This is consistent
with the predictions of the neoclassical model but inconsistent with
those of an endogenous growth model. Section 4 concludes.

2. Time Series Properties of Growth and the Tax Rate

Table 1 reports a number of unit-root tests for the real GDP
growth rate and the total tax rate in each of the three countries.

368



Taxes and Growtb in Furope: 1885-1087

TABLE 1 - Time-Series Properties of Real Growth and Tax Rates:
By Country
A. Real GDP Growth Rates
Trend No Trend
Country DF/PP ADF AFP i ADF APP
VL Raly 936 6361 9.34%r 005 6.20%%  9.24%*
2.Sweden  -10.40%*  595%* 1046%* 003 598** 4052
3. UK -8.52%% K Q3** B.55*#+ 0.08 -5.00** 8.58**
B. Total Tax Rates
Trend No Trend
Country DF /PP ADF APP ) ADF APP
1ty 045 154 096 001 0.20 0.30
2 Sweden 182 123 437 020 . 230 1.87
3. LK -1.74 -2.47 -2.14 0.08 -1.42 -1.27
Notes: The estimated model is Xt = & + Bt + pX.1 + B (L)A%.1 + &, where xal growth rate (g) in panel A,
and the total tax rate {1} in panel B, DF and PP are the standard Dickey-Fuller and Phillips-Petron tests
for the null hypotesis p = 1; ADF and APP are the augmented versions with the lag length of B {L) set
to two. The critical vaiues for the model with the trend are -4.04 for the 1% level, -3.45 for the 5% level,
and -3.15 for the 10% level; without trend (8 = Q) the critical values are -3.51, -2.89, and -2.58,
respectively. The “8” coiumn reports the estimated coefficient of the trend from the augmented made|.
Significance is denoted by *’f {1% level), * (5% level).

Panel A of the table looks at the growth rates of real GDP. The first
threc columns contain the Dickey-Fuller (DF), augmented Dickey-
Fuller (ADF), and augmented Phillips-Perron (APP) tests from
models which include a linear trend, while the fourth column
reports the estimated coefficient of the trend from the augmented
version with two lags. For all three countries, the null hypothesis of
a unit root in the real growth rate can be rejected at the 1%
significance level. (Note that the estimated linear trends are negative
but statistically insignificant.} In addition, this finding is robust to all
specifications. Thus, the results from panel A of Table 1 suggest that
the growth rates of real GDP in the three countries are stationary
which means that changes in the growth rates are transitory.

Panel B of Table 1 repeats the same exercise for the total tax
rate. What is striking now is the complete failure to reject the
null of a unit root in any specification or test at the 1% or 5%
levels. (Also note that the estimated deterministic trends are now
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all positive but again statistically insignificant). The results of
Panel B strongly suggest, therefore, that the total tax rates in the
eleven countries are non-stationary. Theoretically there is good
reason to expect this result, Barro’s (1979) well known “tax
smoathing” hypothesis says that, if the marginal cost of raising
tax revenue i increasing in the tax rate, the optimal tax rate
(defined as the rate that minimizes the present value of the
distortions due to the tax) is a random walk. Intuitively, just as
the smoothing motive of consumers makes consumption a
random walk (Hall, 1978), the smoothing of tax rates by the
government makes the tax rate a random walk. Consistent with
the prediction of the tax-smoothing hypothesis, panel B of Table
1 suggests that changes in the tax rates have been permanent.

Recall that endogenous growth models predict that permanent
changes in the tax rate produce permanent changes in the real
growth rate, so that a unit root in the tax rate should result in a unit
root in real growth., We have shown, however, that, while the tax
rates contain unit roots, the growth rates of real GDP are better
characterized as stationary series. In other words, even though
permanent changes in tax rates were shown to be prevalent, no
such permanent changes were found in the growth rates of real
GDP. Unless the timing of tax changes perfectly and always
coincides with a permanent change in another variable that
completely cancels out its effect on growth, this finding rules out
endogenous growth mechanisms. It is consistent with the
neoclassical model, however, which predicts that the effects of tax
changes on growth are transitory, so that unit roots in tax rates do
not introduce non-stationarity in the growth rates.

3. Long-Run and Short-Run Effects of Tax Rates on Growth

As Jones (1995) points out, an alternative way of testing
whether changes-in the 1ax rate permanently affect growth is by
estimating a dynamic time-series model. We start with the
specification
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i = Wy + &t + Aj(LDg; + Byt + ujy,

where g is the growth rate of real GDP, T is the tax rate, W and &
arc parameters, A(L) and B(L) are p®-order polynomials in the lag
operator L with roots outside the unit circle, and j and t index over
countries and time, respectively. This specification can be
rewritten as
g =M+ aj[ +ALgia + Bt + C(L)AT, + uj,, (1)

where B(1) is a parameter equal to the sum of the coefficients
of the polynomial B(L), and C(L) is a (p-1)"-order polynomial
whose coefficients are related to those of B(L) according to
Cr=-ZPsr1bs. It follows that estimating B(1) in model (1) can be
used to construct a test of the neoclassical versus the endogenous
growth models. A finding of B(1)<0 implies that higher tax rates
permanently reduce growth as suggested by the endogenous
growth theories; on the other hand, B(1)=0 would imply that the
tax rate has no permanent effect on growth, supporting the
neoclassical model.

The results from the estimation of two versions of (1) for each
of the three countries are reported in Table 2. The first version
(*“Model 1" in the Table) imposes 8;=0, whereas the second
version (“Model 2") includes the deterministic trend, While the
point estimates of the B(1)s have generally the expected negative
sign (the only exception being “Model 1” for Sweden), none of
them is statistically significantly different from zero for any of the
three countries. Thus, the hypothesis that B(1)=0 cannot be
rejected. This is consistent with the neoclassical model’s
predictions and inconsistent with those of an endogenous growth
model.

So far it has been determined that changes in the tax rate do not
permanently alter the real GDP growth rate. This means that the

3 All specifications of 1able 4 are estimated for p=3 (polynomials of the 3rd order). The
results are robust o different lag lengths.
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TABLE 2 - Long-Run Effect of the Total Tax Rate (1) on Growth (g}

i Model 1 Model 2
Italy m 3.347 3.811
(2.380) {2.360)

5 MY 0067
......................................................................................................................... 0036
UV By oy T 0308

(0.175) (0.233)
Sweden i 3.72R** 3578+
o . ooy o s

A
" (0.028)
8(1) 0014 0.145
{0.039) {0.089)

Notes, Model 1: g0 = py + AfLIE 0 + Bi{10t: + CI{LIAT: + uj,.
Madel 2: g1 = p; + Bit + A;(LIg;:1 + Bi{1it,, + Ci{LIAT + Ui
Estimated standard errots in parentheses below & and B{1); Significance Is denoted by ** (1% level),
| (5% level).

effects of tax-rate changes on growth are transitory. In order to
examine the magnitude and duration of these transitory effects, we
estimate model (1) subject to the restriction B(1)=0 for each
country, and simulate the response of the real growth rate to a
permanent increase in the total tax rate by one percentage point.
Figure 3 plots these responses for the three countries. The response
patterns for Sweden and the UK. are perfectly consistent with the
theoretical predictions. In particular, a permanent increase in taxes
by one percent of GDP reduces the real growth rate (by about 1.3%
in Sweden and 0.6% in the U.K.) initially, and continues to keep
growth below trend for the next few years, after which growth
returns to trend. In the case of Italy the interpretation is more
problematic: an increase in the tax rate is followed by an initial
increase in the growth rate which does not begin to decline until
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FIGURE 3 - Responses of Real GDP Growth Rate (In percent) to a

Permanent Increase In the Tax Rate by one percent of GDP
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three years later.* Nevertheless, it is readily seen from Figure 3 that
the effects of the increase in the tax rate on growth are not just
transitory, they are also short-lived.

Thus, the first implication of these simulated responses is that
the effects of the tax rate on growth are exhausted very quickly: not
only are there no permanent effects, but also the transitory ones are
practically over in five or six years. The second implication, which
can only be conclusively drawn for Sweden and the UK., is that the

' This pattern for Italy suggests that the dynamic ax-growth model for this country
may not have been identified properly. It may be interesting, however, to note that
this results does not change when the investrent rate is included in the mode! (see
below),
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cumulative effect of an increase in the tax rate on growth is
negative. This suggests that, while a higher tax rate has no
permanent effect on the real growth rate, it has a permanent
negative effect on the leve! of real GDP. We note once more that this
is exactly the response pattern predicted by the neoclassical model,

To investigate the robustness of these results, the dynamic
model was generalized to include invesunent:®

g = M+ Ot + AL)gie + BT + DL + uyy,

where i is the investment rate (calculated as the ratio of real
gross fixed capital formation to GDP), and DXL} is a p*-order
polynomial in the lag operator L with roots outside the unit circle,
This was estimated as

g =M+ 8t + Ay(Lg; . + By + CUDAT;, + Di(Dij, + EXDAI, + 1y, (2)

where D(1) is a parameter equal to the sum of the coefficients of
the polynomial D(L), and E(L) is a (p-1)"-order polynomial whose
coefficients are related to those of D(L} according to ¢ =-Zd;. The
results are completely unaffected. In fact, not only are all the
estimated B(1)s statistically insignificant as before, but so are the
estimated D(1)s as well." Consistent with our earlier results, this
means that permanent changes in either the tax rate or the investment
rate have no permanent effects on the growth rate, reinforcing our
conclusion in favour of the neoclassical growth model.

5. Conclusions

This paper investigated the effects of the tax rate on economic
growth in three European countries (Italy, Sweden, and the United
Kingdom) since 1885. Theoretically, a permanent increase in the
P The investment data are obwined from Liesner (1989).

S The results with investment are not reported here 1o preserve space. All results are
available on request.
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tax rate will permanently reduce the real growth rate in an
endogenous growth model, but not in a neoclassical model where
growth will be affected only temporarily, the only permanent effect
being a decrease in the steady-state level of output per capita. A
number of different empirical specifications were shown to be
consistent with the theoretical predictions of the neoclassical
growth model and inconsistent with those of endogenous models,

Specifically, the paper’s empirical results support the following
conclusions. First, consistent with the tax-smoothing hypothesis,
tax rates have exhibited significant persistent changes in the three
countries, while output growth rates have not. This is inconsistent
with endogenous mechanisms of growth. Second, for Sweden and
the United Kingdom it was shown that a higher tax rate
permanently reduces the level of output but has no permanent
effects on the output growth rate. For the case of Italy, the
permanent effect on growth was also zero, but the impact on the
level of output was ambiguous. Overall, these findings suggest that
the relationship between output and the tax rate is best described
by the neoclassical growth model”

The practical implications of such a conclusion cannot be
underestimated. In terms of tax policy, the findings of this paper
imply that a change in the tax rate will permanently alter the level of
output per capita, but only temporarily affect its growth rate, while a
tax cut will have symmetric effects. A corollary is that tax policies
may be quite costly in terms of Gross Domestic Product but they
cannot be blamed for any permanent “productivity slowdowns.”

* This is consistent with the findings of Karras (1997) for a panel of 11 OECD
economies during the 1960-1992 period. A similar consensus on the debate between
neoclassical and endogenous medels seems Lo be forming in another part of the
literature which has relied on the implications of the two classes of models Tor
convergence. For example, Mankiw, Romer, and Weil (1992} and Evans and Karras
(1996), using different ¢mpirical methodologies, conclude that the evidence on the
convergence of GDP per capita across economies is more consistent with the
predictions of the neoclassical model. Fvans and Karras (1996) also survey this
literature.

375



Greorgios Retrras

Appendix

This appendix outlines a standard growth model which nests
the neoclassical and endogenous classes of models in order to
compare and contrast the theoretical relationships between the tax
rate and the steady-state growth rate of output.® Suppose the
representative household is infinitely-lived and has a CRRA atility
function

{0 leo/(1-6)) e® dt, (A1)

where ¢ is per-capita consumption, s the inverse of the elasticity
of intertemporal substitution (¢>0), and r the rate of time
preference (p>0). The goal is to maximize (A1) subject to the
economy-wide constraint {in per capita terms)

ke = (1D, - ¢, - (n+8k,, (A2)

where k is capital stock per capita, T is the tax rate, y is output
per capita, n is the population growth rate, & the depreciation rate,
and a dot over a variable denotes ditferentiation with respect to time.

Neoclassical models are based on the assumption that the
production function is neoclassical, such as the Cobb-Douglas

Vi = Ak ?, (A3)

where A; is multifactor productivity, and 0<B<1.* Letting g
denote the constant steady-state growth rate of v and k (and o), the
problem’s first order condition requires

* [t is emphasized that the model is presented for illustration purposes without
pretensions of theoretical innovation. For more complex theoretical treaunents see
Blanchard and Fischer (1989} ard Barro and Sala-i-Martin (1995},

* A neoclussical ¥ has positive and diminishing marginal products, and exhibits
constant returns to scale. See Barro and Sala-i-Martin (1994, section 1.2.7) for the full
definition.
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B(1-DAk * = p+ntog. (A4)

Taking logarithms and differentiating with respect to time, the
steady-state growth rate is given by

g = o/(1-B), (A5)

where a=A /A, denotes the exogenous growth rate of
multifactor productivity. It is clear from (A4) that an increase in T
will reduce the steady-state Capital stock per capita, and thus
output per capita. At the same time, (AS) implies that a higher T will
have no effect on the steady-state growth rate: the steady-state
output path shifts downward, but in a paralle] fashion preserving its
slope.

The simplest way to generate an endogenous model is to write
the production function as

Yl = Ak( ’ (Aé)

where A is a constant.” The first order condition now gives
(1-DA=p+n+0g, or

g = [(1-DA-p-nl/c. (A7)

This implies that an increase in t will not just reduce the steady-
state capital stock and output per capita, but will also reduce their
steady-state growth rates. A higher t makes the steady-state output
path flatter.

1 This is the so called *"AK” model. See Rebelo (1991).
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