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Abstract

Should inflation be thought of as “just another tax?” The theoretical
basis for doing so dates back to Phelps (1973) and has been greatly re-
fined ever since. Since optimal taxation minimizes the deadweight loss
by equalizing the marginal distortions of all available taxes, including the
inflation tax, a key distinctive theoretical implication obtained by these
models is that inflation and tax rates have a positive relationship. While
theoretically appealing, empirical studies find virtually no support for this
key implication.

We show that, considering the role of central bank independence (CBI),
it is possible to reconcile the main theoretical implications of models of
optimal taxation and seigniorage with the empirical evidence. Different
degrees of CBI capture the extent to which monetary policy is effectively
controlled by the fiscal authority. Our model generates three testable
implications: i) if CBI is low, the optimal relationship between inflation
and tax rates is positive, ii) such relationship is a decreasing function of
the degree of CBI, and iii) it is negative for high levels of CBI. We show
that these hypotheses hold for alternative measures of tax rates, groups
of countries, and macroeconomic theories regarding the determination of
the level of inflation.
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The ability of the government to finance expenditures by issuing
money 1s the ‘seigniorage’ associated with its sovereign monetary
monopoly. Both explicit and implicit tazes are distortionary. The
distortion of the inflation tax is the diversion of resources or loss
of utility associated with the scarcity of money, already mentioned.
But there are also distortions in explicit taxes; lump-sum tazes are
not available. The problem is to optimize the choice of taxes, given
the necessity of government expenditure. This formulation correctly
connects the money-supply process to the government budget.

Tobin (1986, page 11)

1 Introduction

Should inflation be thought of as “just another tax?” The theoretical basis for
doing so dates back to Phelps (1973). Influenced by early theories of optimal
taxation in public finance (e.g. Wicksell, 1896; Ramsey, 1927; Boiteux, 1956;
Musgrave, 1959), Phelps (1973) was the first to point out that if lump-sum
taxation is not available, optimal taxation minimizes the deadweight loss by
equalizing the marginal distortions of all available taxes, including the inflation
tax.!

This argument was further developed and refined by Marty (1976), Siegel
(1978), Drazen (1979), Chamley (1985), Tobin (1986), Mankiw (1987), Grilli
(1988), Poterba and Rotemberg (1990) and Chari and Kehoe (1999), among
others. Typically using a neoclassical framework with different model struc-
tures and functions for money, the underlying question of these papers is how
to optimally finance a certain level of public spending. These studies typically
assume a benevolent government that chooses the rates of taxation and inflation
to minimize the present value of the distortionary social cost of raising revenue,
and that marginal distortions of taxation and seigniorage are increasing in the
underlying rates. Given this framework, a key distinctive theoretical implica-
tion obtained by these models is that inflation and tax rates have a positive
relationship. That is to say, the optimum policy requires “some” use of each of
the available distorting taxes, including the inflation tax, in order to reduce the

extent to which any of the others must be used.

!nflation tax is a metaphorical representation of the economic disadvantage suffered by
holders of money due to the inflationary effects of expansionary monetary policy, which acts
as a hidden tax that subtracts value from those assets.



While theoretically appealing, empirical studies find virtually no support
for this key implication. Using United States data from 1952 to 1985, Mankiw
(1987) finds a striking positive correlation between inflation and tax burden,
measured by government revenue as a percentage of GDP. Subsequent studies
suggest that this characterization generally fails to fit the experiences of both
developed and developing economies (Roubini and Sachs, 1989; Poterba and
Rotemberg, 1990; Edwards and Tabellini, 1991; Roubini, 1991). Roubini and
Sachs (1989) find that for 12 out of 15 developed countries, there are no sig-
nificant relationships, and, in 5 of the countries (France, Austria, Italy, Ireland
and Denmark), the relationship is negative. Poterba and Rotemberg (1990) find
a positive relationship for Japan and the United States, while the existence of
such relationship is not found for France, the United Kingdom and West Ger-
many. In a sample of 21 developing countries, Edwards and Tabellini (1991)
find no statistically significant relationship for 17 countries and a statistically
significant, but negative, relationship for 4 of them. Roubini (1991) rejects this
key theoretical implication for most developing countries. In a sample of 92
developing countries he find that there is a positive and statistically significant
relationship for only 15 of them, there is no statistically significant relationship
for 37 economies and, notably, such relationship is statistically negative in 40
countries.

This paper shows that, considering the role of central bank independence
(CBI), it is possible to reconcile the main theoretical implications of models of
optimal taxation and seigniorage with the empirical evidence. Previous stud-
ies assume that while government policy is executed by different agencies or
branches, such as the fiscal authority and central bank, there is no goal inde-
pendence in each of these branches. “To the contrary, each agency is conceived...
as calculating the actions it must take in full knowledge of those actions by the
other agencies which are entailed by their concerted pursuit of specific gov-
ernment policy objectives” (Phelps, 1973, page 70). In other words, the fiscal
authority and central bank fully cooperate toward the common objective of
reducing overall excess burden of taxation.

While it is intrinsic to fiscal authority goals to minimize deadweight loss of
taxation, it is less obvious that revenue considerations of seigniorage are a key
element in positive theory of monetary policy. Using a simple optimal taxation

and seigniorage model, we show that the optimal relationship between inflation



and tax rates crucially depends upon the degree of CBI.

First, if CBI is low, the fiscal authority effectively controls the monetary pol-
icy and, consequently, selects tax rates and inflation taking into account revenue
and distortionary considerations. In this context, inflation can be rationalized
as “just another tax.” Equivalent to the current theoretical literature, inflation
and tax rates are positively related. That is to say, what the current literature
frames as full cooperation of the fiscal and monetary branches toward the com-
mon objective of reducing overall excess burden of taxation, we rationalize as a
circumstance of low CBI where the fiscal branch captures the central bank.

On the contrary, if CBI is high, then central banks pursue their own mone-
tary policy that is consistent with a certain implicit or explicit inflation target.
In this case, inflation and tax rates have a negative relationship. This occurs
because an increase in the level of inflation by the monetary authority increases
seigniorage revenues. The latter reduces the pressure to collect revenues via
regular taxation, optimally inducing the fiscal authority to reduce the tax rate.
Lastly, taking into account the theoretical implications associated with these
two extreme levels of CBI, we also show that the optimal relationship between
inflation and tax rates is a decreasing function of the degree of CBI. That is
to say, the optimal relationship between inflation and tax rates becomes less
positive or more negative for higher degrees of CBI.

We test the three predictions of the model by calculating the relationship
between inflation and tax rates for alternative levels of CBI. To this effect we use
a non-parametric approach, the Spearman’s rank correlation coefficient, and a
sample of 89 countries for the period 1970-2009. As is tradition in this literature,
we proxy tax rates using the tax burden (i.e. ratio of government revenues
to GDP). We proxy CBI using the turnover rate of central bank governors,
which became the yardstick de facto measure of CBI after the seminal papers of
Cukierman (1992) and Cukierman et al (1992). The basic presumption of this
de facto measure is that, at least above some threshold, a more rapid turnover of
central bank governors indicates less CBI. Frequent replacement of the central
bank governor may reflect the removal of those who challenge the government
which, in turn, also gives political authorities the “opportunity to pick those

who will do their will” (Cukierman et al, 1992, page 363).2 For this purpose

2We use this de facto measure as opposed to alternative legal measures of CBI because of
the weak link between legal and actual independence derived from low levels of rule of law and
transparency, especially in developing countries (Cukierman, 1992; Cukierman et al, 1992).



we built a new dataset of the turnover rate of central bank governors for 89
countries for the period 1970-2009.

We find that for low levels of CBI (i.e. high turnover rates of central bank
governors) inflation and tax burden are positively related; this correlation de-
creases as CBI increases, and for high levels of CBI (i.e. low turnover rates of
central bank governors) the relationship becomes negative.

We also perform three robustness checks. First, we present complementary
evidence using a novel dataset on value-added tax rates for 33 countries for
the period 1970-2009. Second, we test whether our findings are general across
countries or if they only apply to a particular group of countries, such as devel-
oped or developing. Third, we test whether our empirical results are robust to
most relevant macroeconomic theories regarding the determination of the level
of inflation including cost-push as well as fiscal and financial distress arguments.
Our main findings strongly hold for alternative measures of tax rates, groups of
countries, and fiscal and macroeconomic conditions.

The paper proceeds as follows. Section 2 develops a simple optimal taxation
and seigniorage model which generates three key testable theoretical implica-
tions regarding the role of CBI on optimal taxation and seigniorage: i) if CBI is
low, the optimal relationship between inflation and tax rates is positive, ii) the
optimal relationship between inflation and tax rates is a decreasing function of
the degree of CBI, and iii) the optimal relationship between inflation and tax
rates is negative for high levels of CBI. Section 3 turns to our empirical analy-
sis. We first present the data and the empirical methodology. Second, we test
our three key theoretical implications. Third, we perform robustness checks.

Section 4 presents final remarks.

2 Model

This section develops a simple optimal taxation and seigniorage model close in
spirit to the work initiated by Phelps (1973). However, unlike previous models,
we analyze the role of central bank goal independence.

The basic structure of the model is straightforward. The small, open econ-
omy is inhabited by a representative private agent (PA) and a government con-
sisting of a fiscal authority (FA) and a central bank (CB). To keep the model

as simple as possible, we assume that agents are blessed with perfect foresight.



Without loss of generality we assume that initial asset positions are zero. As
in Lucas and Stokey (1983), there are two kinds of consumption goods, c¢1; and
co¢. The first good, c1;: or “cash goods” can be purchased only with fiat cur-
rency previously accumulated. The second, co; or “credit goods” can be paid for
with income contemporaneously accrued. Similar to Végh and Vuletin (2010),
the consumption of co; is subject to taxation, while the consumption of cy; is
not. These two goods are perfect substitutes in production, and, therefore, their

relative price is one. Production is exogenous (i.e. there is an endowment ;).

2.1 Private agent

Without loss of generality, and in order to obtain analytical solutions, we assume

that PA’s preferences are logarithmic

/om I (exe) + In (ca0)] e~ e, (1)

where 8 > 0 is the discount factor. The PA’s intertemporal constraint is given
by
/ (e +gi) e "dt = / (cot (L4 04) + c1p + myiy) e "t (2)
0 0

where 6; is the consumption tax on “credit goods,” 4; is the nominal interest rate
and m; represents real money balances. i; = r + m;, where r is the exogenous
and constant real interest rate and 7, is inflation. We assume that the money

demand is given by a simple cash-in-advance constraint a la Calvo (1987)
my 2 k- e, (3)

where k is a positive constant (i.e. k> 0).
The PA’s problem consists in choosing {ci¢, cor, mi} for all ¢ € [0,00) to

maximize (1) subject to (2) and (3) taking as given 6; and m;. Assuming that

3There are different ways of introducing two distortions into the model, one associated with
regular taxation and the other related to inflation. The most obvious alternative would be to
add leisure to the model, in which case an income tax would distort the consumption/leisure
choice and, inflation, the allocation between consumption goods.

We prefer this alternative specification — with the “credit good” and “cash good” being
taxed by a consumption tax and the inflation tax respectively — because it enables us to
isolate the distortionary effects stemming from an exogenous income path. That is to say, we
are able to isolate income from taxation decisions. While not modeled, the “cash good” that
is non-taxed by a consumption tax and subject to the inflation tax could be thought of as the
underground economy.



B = r to avoid spending tilting, we obtain from optimal conditions

1+6,

14+ k(r+m) )

my=k-ciy =k-cop
From (4) it is clear that an increase (decrease) in ; increases (decreases) the
consumption of ¢1; and the use of money in detriment (benefit) of the consump-
tion of co¢. This occurs because co; is subject to the consumption tax 6; while ¢4
is not. The use of money is tight to c¢q; through the cash-in-advance constraint.
Alternatively, an increase (decrease) in 7; increases (decreases) the consumption
of ¢g; in detriment (benefit) of the consumption of ¢1; and the use of money.
This occurs because cj; is the “cash good” which implicitly pays the inflation
tax because of the cash-in-advance constraint. On the other hand, co; is the
“credit good,” not subject to the cash-in-advance constraint and, therefore, not

affected by the inflation tax.

2.2 Fiscal authority

We assume, as is convention in this literature, that the FA is benevolent. Her
problem is to choose the optimal mix of distortionary taxes to finance exogenous

fiscal transfers to the PA (g;).* The FA’s intertemporal constraint is given by

o0 oo
/ (9t02t + itmt) 6_7‘tdt = / gte_”dt, (5)
0 0

which has the usual interpretation that the present value of expenditures must
equal the present value of revenues associated with regular taxation (consump-

tion tax in our model) and seigniorage.

2.3 Central bank

The CB can either have the power to decide the monetary policy (i.e. high CBI)
or it can function as an agency of the fiscal branch, in which case monetary
policy is effectively determined by the fiscal authority (i.e. low CBI). In other
words, under high CBI (low CBI) the central bank does (does not) enjoy goal

4The path of fiscal transfers to the PA is taken as exogenous to highlight the optimal
taxation mix. Alternatively, we could think that there is an expenditure branch which sets
the levels and compositions of transfers and which does not participate in financing decisions.



independence.’ If independent, the central bank aims to minimize the deviation

of inflation from a target (7)%7

/0 "y — 7 e Pt (6)

2.4 Results

Using this simple model we formulate three key propositions regarding the in-

fluence of CBI on the optimal relationship between inflation (m;) and tax rate

(01).
Proposition 1 If CBI is low, inflation and tazx rate have a positive relationship.

This relationship coincides with the theoretical implications developed by
the current literature on optimal taxation and seigniorage. In those papers this
is the natural result of a benevolent government that coordinates both fiscal and
monetary policies to minimize the deadweight loss of distortionary taxation. We
rationalize such framework as one in which the central bank does not enjoy goal
independence (i.e. CBI is low). In this case the FA effectively conducts fiscal
and monetary policy; that is to say, she selects 6; and ;. Inflation can be
rationalized as “just another tax,” selected by taking into account revenue and

distortionary considerations. Formally, solving the model, we obtain®

o, _, (1+0:)°

=k > 0. 7
dre (14 kiy)® @)

Proposition 2 If CBI is high, inflation and tazx rate have a negative relation-

ship.

If CBI is high, the CB minimizes (6) by selecting 7; and the FA selects 6; in
order to finance the exogenous path of g;. If 7; increases (decreases) optimally
due to an increase (decrease) in 7, implicit revenues accrued from the inflation

tax increase (decrease) as well. The latter reduces (increases) the pressure to

SDebelle and Fischer (1994) make a clear distintion between goal independence — the full
delegation embodied, for example, in Rogoff’s (1985) conservative central banker model —
and instrument independence — the type of relationship suggested by agency models (Walsh,
1995).

6Since the analysis is conducted in a neoclasical framework, there is no role for counter-
cyclical monetary policy.

See, for example, Taylor (1993) and Clarida, Galf and Gertler (2000).

8 Appendix 5.1.1 shows this derivation.



collect revenues via regular taxation on consumption, which optimally induces
the fiscal authority to reduce (increase) the use of distortionary taxation. That
is to say, 0; decreases (increases). For these arguments, inflation and tax rates
have a negative relationship. In other words, inflation cannot be rationalized as
“just another tax” because the CB, which enjoys goal independence, does not
take into consideration the revenue and distortionary implications of inflation.
Formally, solving the model, we obtain®
8: = 7k(1+70t)22 < 0. (8)
dmy (1 + kiyp)
Proposition 3 The optimal relationship between inflation and tax rate is a

decreasing function of the degree of CBL

More generally, CBI can be thought of as the extent to which the CB deter-
mines monetary policy without interference from the fiscal authority. For this
purpose, we define « as a proportion (i.e. 1 > « > 0) that measures the extent
of CBI under which fiscal and monetary policies are determined. If o« = 0, CBI
is low and if & = 1 we are under the presence of high CBI. In other words, «
captures the degree of CBI in a more continuous way . Solving the model, we

obtain!?
do;

B (1+6,)°
p =(1-20)k——

(1 + kig)? <0 ®)

As shown in Propositions 1 and 2, the optimal relationship between inflation
and tax rate crucially depends on the degree of CBI. If CBI is relatively high (i.e.
a > 1/2) the optimal relationship between inflation and tax rate is negative. If
CBI is relatively low (i.e. @ < 1/2) the optimal relationship between inflation
and tax rate is positive. If & = 1/2 then inflation and tax rate are not related
to each other.

More importantly, from (9), it is straightforward that

d(dﬂt/dm) — 9 (1 +0t)2 -

0, 10
do (1+ kiy)? (10

which indicates that the optimal relationship between inflation and tax rate is

a decreasing function of the degree of CBI. In other words, as CBI increases

9 Appendix 5.1.2 shows this derivation.
10 Appendix 5.1.3 shows this derivation.



the optimal relationship between inflation and tax rate becomes less positive,

or more negative.

3 Empirical analysis

This section tests the three key implications of our theoretical model. Section
3.1 presents the data and Section 3.2 the empirical methodology. Section 3.3
tests our three key theoretical implications. Sections 3.4 and 3.5 perform ro-
bustness checks using alternative measures of tax rates and samples of countries.
Section 3.6 analyzes whether our empirical results are robust to most relevant
macroeconomic theories regarding the determination of the level of inflation,

including cost-push as well as fiscal and financial distress arguments.

3.1 Data

Our annual panel dataset consists of inflation, tax rates and CBI data.!' The
sample comprises 26 advanced and 63 developing countries for the period 1970-
2009.12 We obtain inflation data from Global Financial Data.

We use two alternative measures of tax rates. On one hand, as has been
tradition in this literature, we use the tax burden, which is proxied by the per-
centage of government revenues to GDP. We obtain this dataset for 89 countries
from Kaminsky, Reinhart and Végh (2004) and Global Financial Data. On the
other hand, we built a novel value-added tax (VAT) rates dataset. We use this
tax because it is one of the most important worldwide taxes in terms of tax
collection. According to the World Development Indicators, taxes on goods and

services represent more than 35 percent of total tax collection worldwide. An-

1T Appendix 5.2 shows all definitions and sources of data.

12 According to the TIMF World Economic Outlook country classiffication, the advanced
countries in the sample are Australia, Austria, Belgium, Canada, Cyprus, Czech Republic,
Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Japan, Korea, Netherlands,
New Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom
and United States.

The developing countries in the sample are Algeria, Argentina, Bangladesh, Bolivia,
Botswana, Brazil, Bulgaria, Cape Verde, Chile, China, Colombia, Costa Rica, Dominican
Republic, Ecuador, Egypt, El Salvador, Estonia, Gambia The, Ghana, Guatemala, Haiti, Hon-
duras, Hungary, India, Indonesia, Iran, Jamaica, Jordan, Kenya, Latvia, Lithuania, Madagas-
car, Malaysia, Mauritius, Mexico, Mongolia, Morocco, Mozambique, Nepal, Nigeria, Pakistan,
Paraguay, Peru, Philippines, Poland, Romania, Rwanda, Seychelles, South Africa, Sri Lanka,
Sudan, Swaziland, Syrian Arab Republic, Tanzania, Thailand, Trinidad and Tobago, Tunisia,
Turkey, Uganda, Uruguay, Venezuela, Zambia and Zimbabwe.

10



other key convenience of this tax is that it has a single standard rate.'® Unlike
personal and corporate taxes, which have several tax rates, this single-rate fea-
ture allows the researcher to clearly asses the stance on taxation policy. Using
government agencies’ websites, emails exchanged with those institutions and
resources available online, we gather a novel dataset of VAT rates for 40 coun-
tries.'* For some economies this tax is one of the most valuable taxes in terms
of tax collection (e.g. it comprises more than 55 percent of total revenues for
Mexico). However, for others, this tax is less valued (e.g. it makes up less than
15 percent of total revenues for Japan), reducing the extent to which it is able
to capture the stance of the overall tax policy. For this reason, we exclude from
our empirical exercise regarding VAT tax rates, seven countries where the per-
centage of taxes on goods and services to total revenues is below one standard
deviation from the sample mean.'®

Table 1 shows the average and standard deviation of inflation, tax burden
and VAT tax rate for each country in the sample. Average and median inflation
is 27.1 and 10.9 percent, respectively. The countries with the highest and lowest
average inflation rates are Brazil, at an astounding 333.6 percent and Singapore
with 2.9 percent. Average and median tax burden is 27.7 and 26.7 percent,
respectively. The countries with the highest and lowest average tax burden
are Sweden with 59.6 percent and Bangladesh with 8.5 percent. Average and
median VAT tax rate is 14.9 and 16 percent, respectively. The countries with
the highest and lowest average VAT tax rates are Hungary with 24.1 percent
and Singapore with 4.2 percent.

We use a de facto oriented measure of CBI based on the average turnover
rate of central bank governors. Introduced by the seminal papers of Cukierman
(1992) and Cukierman et al (1992), this measure quickly became the yardstick
measure of de facto CBI (Cukierman and Webb, 1995; de Haan and Siermann,
1996; Al-Marhubi, 2000; Cukierman et al, 2002; Neyapti, 2003; Cukierman,
2008; Vuletin and Zhu, 2010). The basic presumption of this de facto measure

13While many countries also have a reduced rate, they typically apply to selected goods
such as some foodstuffs and child and elderly care.

14 These 40 countries are Argentina, Austria, Belgium, Bulgaria, Canada, Cyprus, Czech
Republic, Dominican Republic, Ecuador, Egypt, El Salvador, Estonia, Finland, France, Ger-
many, Greece, Guatemala, Hungary, Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania,
Mexico, Netherlands, New Zealand, Paraguay, Poland, Portugal, Romania, Singapore, South
Africa, Spain, Sweden, Switzerland, Turkey, United Kingdom and Uruguay.

15The seven countries excluded, with their respective average percentage of taxes on goods
and servicies to total revenues are: Canada (16.92), Egypt (16.87), Germany (20.86), Italy
(21.74), Japan (14.29), Singapore (19.08) and Spain (20.25).

11



is that, at least above some threshold, a more rapid turnover of central bank
governors indicates less CBI. Frequent replacement of the central bank governor
may reflect the removal of those who challenge the government which, in turn,
also gives political authorities the “opportunity to pick those who will do their
will” (Cukierman et al 1992, page 363). We use this de facto measure instead
of alternative legal measures of CBI; this is due to the weak link between le-
gal and actual independence, which derived from low levels of rule of law and
transparency, especially in developing countries. For this purpose we built a
new dataset of the turnover rate of central bank governors for 89 countries for
the period 1970-2009.

The time interval used to calculate the average turnover rate of central bank
governor varies across studies. Al-Marhubi (2000) and Temple (1998) use the
average for the whole period under analysis, 1980-1995 and 1974-1994, respec-
tively. Cukierman et al (1992) and de Haan and Kooi (2000) calculate decade
averages, while Dreher et al (2008) use the averages or starting values for each
lustrum. The use of very long time periods to calculate average turnover rate
of central bank governor implicitly assumes that actual independence and in-
stitutional characteristics rarely change. On the contrary, the use of decades or
lustrum allows for some moderate institutional change that seems to be consis-
tent with some empirical evidence. For example, while central bank governors
of Chile were replaced on average every 1 year and 3 months during the 1980s,
they were replaced every 5 years — coinciding with the legal term of office — dur-
ing the 1990s. While the use of decades or lustrum are more flexible by allowing
for moderate institutional change, the use of fixed windows implicitly assumes
that those changes only occur in arbitrary years; for example, the change occurs
at the very beginning or at the very end of decades. On the contrary, the use
of moving windows to calculate average turnover rate of central bank governor
allows a more gradual and continuous institutional change. Taking these two
dimensions into account, we use the 7-year centered moving average turnover
rate of the change in the central bank governor (TOR).!6 This approach allows
for a moderate and continuous institutional change.

Table 2 shows TOR averages as well as the associated average frequency of
central bank governor replacement. The findings are consistent with previous

studies in that the frequency of replacement in developing countries is much

16Qur results hold if the length of windows are moderately changed.

12



higher — almost two times higher — than it is in advanced economies. For
example, Ecuador has the highest turnover rate in the sample, with a central
banker replaced, on average, every 1 year and 2 months. On the other side of
the spectrum, Dutch governors are replaced, on average, every 17 years.

For robustness tests we also use the following data: bank crises from Kindle-
berger (2000) and Reinhart (2010), sovereign default from Reinhart (2010), IMF
program from Reinhart (2010) and International Financial Statistics (IMF), and
fiscal deficits from Kaminsky, Reinhart and Végh (2004) and Global Financial
Data.

3.2 Methodology

Our empirical strategy aims to analyze how the relationship between inflation
and tax rates varies according to the level of CBI. Because both inflation and
tax rates are jointly determined, instead of regression analysis, we use a stan-
dard non-parametric approach, the Spearman’s rank correlation coefficient, to
calculate the relationship between these variables. The latter approach would

severely suffer from endogeneity problems. In particular,

n

6 (R[INF,] — R[TAX;])”

p=1--2 T (11)

where p; is the Spearman’s rank correlation coefficient between inflation (INF)
and tax rate (TAX) for the TOR category i. R[INF;] and R[TAX,] are the
ranks of INF and TAX for observation j. The number of observations is repre-
sented by n. Naturally, —1 > p, > 1. A value of p, = 1 (p; = —1) would indicate
a that INF and TAX are perfectly monotonically increasing (decreasing) related
for TOR category ¢. For each p;, the 95 percent confidence interval [pi_ , pj‘] is
also calculated using Fisher’s z transformation.!”-1®

Because the Spearman’s coefficient exploits the correlation in ranks as op-
posed to actual values, it has two distinct advantages with respect to alternative

non-parametric correlation coefficients such as the Pearson’s correlation. First,

1T At least ten observations are needed in order to calculate confidence intervals (i.e. n > 10).
Because some TOR categories do not have such number of observations we include, for the
calculation of p;, not only the observations included in such TOR category but, when possible,
the observations associated with the two immediately smaller and bigger TOR categories.

18We do not calculate the Spearman’s rank correlation coefficient for TOR categories bigger
than 1.29 and 1.15 for tax burden and VAT tax rates, respectively, due to few observations.

13



it is less sensitive to strong outliers that are in the tails of both INF and TAX.
This seems particularly relevant considering the striking variation noted in Ta-
ble 1. Second, the Spearman’s coefficient is more flexible as it measures the
relationship in a non-linear fashion. This is particularly relevant considering

the non-linear nature of the expressions obtained in Section 2.4.

3.3 Benchmark results

This section tests the three key implications of our theoretical model: i) the
optimal relationship between inflation and tax rates is negative for high levels
of CBI (i.e. when TOR is low), ii) the optimal relationship between inflation
and tax rates is a decreasing function of the degree of CBI or, alternatively, an
increasing function of TOR, and iii) when CBI is low (i.e. TOR is high), the
optimal relationship between inflation and tax rates is positive.

Figure 1 shows the Spearman’s rank correlation coefficients for each TOR
level (i.e. p;) as well as the 95 percent confidence interval [p; , p{ ] when using
tax burden as a proxy for tax rate. We strongly confirm the three key implica-
tions of our theoretical model. First, the optimal relationship between inflation
and tax rate is negative when TOR is low (that is to say, when CBI is high).
For example, for p, (i.e. the Spearman’s rank correlation coefficient associated
with TOR=0) the relationship is negative and equal to —0.357. Such coefficient
is statistically negative since [pa, p(ﬂ = [—0.403, —0.308]. The relationship be-
tween inflation and tax rate is statistically negative for TOR categories smaller
than or equal to 0.4 (pg 4). Second, the optimal relationship between inflation
and tax rates is a decreasing function of the degree of CBI or, alternatively, an
increasing function of TOR. Third, the optimal relationship between inflation
and tax rates is positive when TOR is high, or in other words, when CBI is
low. For example, for p; o5 the relationship is positive and equal to 0.482. Such
coefficient is statistically positive since [pa , par] = [0.241,0.667]. The relation-
ship between inflation and tax rate is statistically positive for TOR categories
greater than or equal to 1 (p;).

Interestingly, if we did not differentiate between alternative TOR categories,
the overall Spearman’s rank correlation coefficient would be —0.367 with 95
percent confidence lower and upper bound intervals of —0.403 and —0.330. That
is to say, when not distinguishing across levels of CBI, we cannot reject the null

that the relationship between inflation and tax rate is statistically negative.

14



Our findings indicate the relevance of CBI considerations when understanding
optimal taxation and seigniorage. By considering the influence of CBI, we are
able to reconcile the main theoretical implications of models of optimal taxation

and seigniorage with the empirical evidence.

3.4 VAT tax rates

In this section we show complementary evidence to that presented in Section
3.3. For this purpose, we use a novel dataset of VAT tax rates for 33 countries.
While the sample size is notably smaller, the general result holds.

Figure 2 shows the Spearman’s rank correlation coefficients for each TOR
level (i.e. p;) as well as the 95 percent confidence interval [p; , p; ] when VAT
tax rates are used as proxy for tax rate. We strongly confirm the three key
implications of our theoretical model. First, the optimal relationship between
inflation and tax rates is negative when TOR is low (that is to say, when CBI
is high). For example, for p, the relationship is negative and equal to —0.162.
Such coefficient is statistically negative since [pg, pg'] = [-0.253,—0.067]. The
relationship between inflation and tax rate is statistically negative for TOR
categories smaller than or equal to 0.2 (py ). Second, the optimal relationship
between inflation and tax rates is a decreasing function of the degree of CBI or,
alternatively, an increasing function of TOR. Third, the optimal relationship
between inflation and tax rates is positive when TOR is high, or in other words,
when CBI is low. For example, for p; 1, the relationship is positive and equal
to 0.726. Such coefficient is statistically positive since [po_, pa’] = [0.547,0.842].
The relationship between inflation and tax rate is statistically positive for TOR
categories greater than or equal to 0.71 (pg.71)-

Similar to Section 3.3, if we did not distinguish between alternative TOR
categories, the overall Spearman’s rank correlation coefficient would be —0.193,
with 95 percent confidence lower and upper bound intervals of —0.261 and
—0.122. That is to say, when not differentiating across levels of CBI, we cannot
reject the null that the relationship between inflation and tax rate is statistically
negative. In other words, if we did not consider the role of CBI, our empirical
findings would, as does most current empirical literature, reject the positive

relationship implied by current models of optimal taxation and seigniorage.
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3.5 Advanced vs. developing countries

In this section we test whether our findings from Section 3.3 are general across
economies or if they only apply to a particular group of countries such as devel-
oped or developing. This is particularly important considering the institutional
and macroeconomic differences across these two groups of countries. For exam-
ple, the average inflation of developing countries is more than five times higher
than it is in advanced economies.'”

Figures 3 and 4 show the same correlations as Figure 1 for developing and
advanced countries, respectively.2® Naturally, advanced economies do not have
as high levels of TOR (i.e. low levels of CBI) as do developing countries. The
highest TOR category for advanced countries is 0.57, as opposed to 1.28 for de-
veloping economies. More importantly, the general results hold for both groups
of countries. For high levels of CBI (when TOR is smaller than 0.4) both
groups of countries show negative relationships between inflation and tax rate.
For TOR levels ranging between 0.4 and 1, the relationship is neither positive
nor negative. For low levels of CBI (when TOR is higher than 1), developing
countries show, as does Section 3.3, a positive relationship between inflation
and tax rate. The implications derived from the theory work similarly for both
groups of countries. However, because most advanced countries do not have low
levels of CBI, the findings obtained in Section 3.3 when CBI is low are mainly
driven by the performance of developing countries.

Similar to the findings of Sections 3.3 and 3.4, if we did not distinguish
between alternative TOR categories, the overall Spearman’s rank correlation
coefficients for developing and advanced countries would be —0.179 and —0.232,
respectively. In both cases we cannot reject a negative relationship between

inflation and tax rate.

19We cannot reject the null hypothesis that the mean inflation of developing countries
(37.10 percent) is statistically higher from that of advanced ones (6.57 percent) at 1 percent
significant level.

20We used the Country Composition of World Economic Outlook Groups provided by the
International Monetary Fund to split the sample of countries into advanced and developing
ones.
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3.6 Macroeconomic theories regarding the determination

of the level of inflation

In this section we test whether our findings are robust to some of the most
common macroeconomic theories regarding the determination of the level of
inflation. We consider cost-push arguments, as well as those that link inflation
with periods of fiscal and financial distress. It is important to remark that,
while not modeled in our paper, these theories do not necessarily compete with
ours. The propositions developed in Section 2.4 do not provide implications
regarding the level of inflation, but rather about its relationship with the tax
rate. In other words, the positive (negative) relation between inflation and tax
rate implied by our model in the case of low (high) CBI could, in principle,
occur at high or low levels of inflation.

To fix ideas, suppose CBI is low and, consequently, the FA effectively uses
both tax rate and inflation to finance a certain path of spending. An unantici-
pated sharp increase in government spending will increase the fiscal deficit at the
given tax rate and inflation. Following the reasoning of our model, both tax rate
and inflation will increase in order to equalize the burden of taxation, leaving
the positive association between tax rate and inflation unaffected at naturally
higher levels for each of them. In the following sections we test the orthogo-
nality, independence, and robustness of our findings to common macroeconomic

theories regarding the determination of the level of inflation.

3.6.1 Cost-push inflation

Cost-push inflation is caused by a drop in aggregate supply, which may be due
to natural disasters or increased prices of key inputs, such as oil (Loungani and
Swagel, 2001; Hamilton and Herrera, 2004; Catao and Terrones, 2005).

Figure 5 shows the same type of correlations as Figure 1, using adjusted-
inflation instead of inflation, where adjusted-inflation is defined as the difference
between inflation and world inflation, which is proxied by the inflation rate of G7
countries. This alternative measure controls for external inflation/disinflation
trends associated with external shocks such as changes in oil prices (Jdcome and
Vizquez, 2008; Vuletin and Zhu, 2010).2! The relevance of our central findings

strongly hold when using this alternative measure of inflation. In other words,

21Gimilar results are obtained if percentage change in price of oil is used instead of world
inflation.
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even after controlling for cost-push inflation arguments our main implications
withstand.

Similar to the findings in Sections 3.3, 3.4, and 3.5, if we did not distinguish
between alternative TOR categories, the overall Spearman’s rank correlation
coefficient would be —0.329 with 95 percent confidence lower and upper bound
intervals of —0.366 and —0.291.

3.6.2 Fiscal and financial distress

A well-established theory in macroeconomics is that fiscally dominant govern-
ments running persistent deficits have to finance those deficits sooner or later
with monetization, ultimately increasing inflation (Sargent and Wallace, 1981).
This view has been particularly relevant in the literature of developing coun-
tries, which has long recognized that intermittent and limited access to external
borrowing, frequent bailout of fragile financial systems prone to crisis, and weak
institutions — especially the central banks — increase the dependence on the in-
flation tax (Alesina and Drazen, 1991; Calvo and Reinhart, 2000; Calvo and
Végh, 1999; Cukierman, 1992; Cukierman et al, 1992, Lohmann, 1992; Rogoff,
1985).

Our data supports these well-established findings. First, the level of infla-
tion is negatively related to CBI; the Spearman’s rank correlation coefficient
between inflation and TOR is 0.29 and statistically significant at a 1 percent
level. Second, the level of inflation is much higher during periods of i) banking
crisis (four times higher), ii) sovereign debt default (almost seven times higher),
and iii) when countries have IMF programs (almost two times higher); than in
“tranquil times.” Last, but certainty not least, inflation is positively associated
with fiscal deficits; the Spearman’s rank correlation coefficient between inflation
and fiscal deficit is 0.15 and statistically significant at a level of 1 percent.

Important for the robustness of our theoretical arguments, our main em-
pirical findings hold after taking into account these macroeconomic theories
regarding the determination of the level of inflation. Figures 6, 7, and 8 show
that the empirical findings of Figure 1 hold after excluding observations as-
sociated with banking crisis, sovereign debt default, and IMF programs, even
though these exclusions reduce the sample size by 4.05, 14.57, and 13.59 percent,
respectively. Similar to the findings in Sections 3.3, 3.4, 3.5, and 3.6.1, if we

did not distinguish between alternative TOR categories, the overall Spearman’s
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rank correlation coefficient associated with Figures 6, 7, and 8 would be —0.370,
—0.380, and —0.373, respectively. In all three cases we cannot reject a negative
relationship between tax burden and inflation.

Figures 9 and 10 show the same correlations as Figure 1 when fiscal deficit
as a percentage of GDP is above and below the overall sample’s median value of
3.43 percent. The mean fiscal deficit as a percentage of GDP of the first group is
7.57 percent, in clear contrast with that of the second group, 0.45 percent. Such
difference is statistically significant at a level of 1 percent. The main findings
also hold for each subsample, implying that the optimal relationships between
tax rate and inflation derived by the model hold for alternative levels of fiscal
deficits. Similar to the findings of Sections 3.3, 3.4, 3.5, and 3.6.1, if we did not
distinguish between alternative TOR categories, the overall Spearman’s rank
correlation coefficient associated with Figures 9 and 10 would be —0.357 and
—0.358, respectively. In both subsamples we cannot reject a negative relation-
ship between tax rate and inflation.

To summarize, our main findings strongly hold for alternative measures of
tax rates, groups of countries, and some of the most relevant theories regarding
the determination of the level of inflation. We support this assertion by i) using
alternative measures of tax rates such as VAT tax rate, ii) checking for institu-
tional and macroeconomic differences across advanced and developing countries,
iii) modifying the inflation variable to control for external inflation/disinflation
trends associated with external shocks such as oil prices, iv) reducing the in-
fluence of extremely stressful fiscal and financial events by excluding events
associated with banking crises, sovereign debt defaults, and IMF programs, and

v) splitting the sample according to level of fiscal deficit.

4 Conclusions

The current theoretical literature initiated by Phelps (1973) and developed fur-
ther by Marty (1976), Siegel (1978), Drazen (1979), Chamley (1985), Tobin
(1986), Mankiw (1987), Grilli (1988), Poterba and Rotemberg (1990) and Chari
and Kehoe (1999), among others, predicts that inflation and tax rates should be
positively correlated. That is to say, the optimum policy requires “some” use
of each of the available distorting taxes, including the inflation tax, in order to

reduce the extent to which any of the others must be used.
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While theoretically appealing, empirical studies find virtually no support for
this key implication (Roubini and Sachs, 1989; Poterba and Rotemberg, 1990;
Edwards and Tabellini, 1991; Roubini, 1991). In many studies, inflation and tax
rates are not found to be statistically related to each other and, more strikingly,
in many cases they have been found to be negatively correlated.

This paper solves the puzzle by reasonably considering the role of CBI. A
key assumption of current theoretical literature is that while government policy
is executed by different agencies or branches, such as the fiscal authority and
central bank, there is no goal independence for each of these branches. In other
words, the fiscal authority and central bank fully cooperate towards the common
objective of reducing overall excess burden of taxation. While it is intrinsic for
fiscal authority goals to minimize deadweight loss of taxation, it is less obvious
that revenue considerations of seigniorage are a key element in positive theory
of monetary policy.

Using a simple optimal taxation and seigniorage model, we show that the
optimal relationship between inflation and tax rates greatly depends upon the
degree of CBI. First, if CBI is low, the fiscal authority effectively controls the
monetary policy and, consequently, she considers inflation as “just another tax.”
Equivalent to current theoretical literature, but due to different arguments, in-
flation and tax rates are positively related. In those papers their relationship is
the natural result of a benevolent government that coordinates both fiscal and
monetary policies to minimize the deadweight loss of distortionary taxation.
We rationalize such framework as one in which the central bank does not enjoy
goal independence; i.e. CBI is low. We also show that the optimal relationship
between inflation and tax rates is a decreasing function of the degree of CBI
and that, if CBI is high, inflation and tax rates have a negative relationship.
The latter occurs because an increase in the level of inflation (which increases
seigniorage revenues) reduces the pressure to collect revenues via regular taxa-
tion, optimally inducing the fiscal authority to reduce the tax rate.

Our three theoretical implications are confirmed using a sample of 89 coun-
tries for the period 1970-2009. For this purpose we built a new turnover rate
of central bank governors and a novel VAT tax rates dataset. We find that for
low levels of CBI, inflation and tax rates are positively related; such correla-
tion decreases as CBI increases. We also find that for high levels of CBI, the

relationship becomes negative. Our main findings strongly hold for alternative
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measures of tax rates, groups of countries and macroeconomic theories regarding
the determination of the level of inflation. We also find that when not distin-
guishing among levels of CBI, the relationship between inflation and tax rates
is negative across the board. That is to say, we show that if CBI arguments
are not considered, the evidence does not support the key implication offered
by current theoretical literature. However, by considering the role of CBI, we

are able to reconcile theory with empirics.

5 Appendices

5.1 Appendix of proofs

The PA’s problem consists in choosing {ci¢, cat, m:} for all ¢ € [0,00) to maxi-
mize (1) subject to (2) and (3) taking as given 6; and ;. Assuming that 8 =r

we obtain from optimal conditions

1

m = k - C = k*, 12
' NP S ki) (12
1
c > 13
2 APA(1 1 0,) (13)
where AT4 is the is the Lagrange multiplier associated with the PA’s budget

constraint (2). Replacing (12)-(13) in (2) we obtain

r [ 77“
NPA T 5/0 (ye + g¢) e . (14)

5.1.1 Proposition 1

If CBI is low, the FA effectively selects {0;, 7} for all ¢ € [0,00) to maximize
(1) subject to (5) and (12)-(14). Assuming that S = r we obtain from optimal

conditions 0 »
t it
= . 15
146, 1+ kiy (15)
From (15) it is clear
e 1+6,)°
t_ k’g > 0. (16)

dr;

(1+ kiy)®
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5.1.2 Proposition 2

If CBI is high, the CB selects {m;} for all ¢ € [0,00) to minimize (6) and the
FA selects {6;} for all ¢ € [0,00) to maximize (1) subject to (5) and (12)-(14).

Assuming that § = r we obtain from optimal conditions

9t - B Ztk
1460, 1+ ki’

(17)

where Q = (2 [° gre™""dt) / (f; (ye + g¢) e""'dt) > 0. From (17) it is clear

2
L&_k(1+9t)2 <0
dmy (1 4+ kiy)

5.1.3 Proposition 3

Defining « as the proportion (i.e. 1 > « > 0) to which the policies are deter-
mined under the presence of an independent central bank, we can combine (15)
and (17) to obtain

Ht o kzt
o =afl+(1 2a)1—|—kit' (18)
From (18) it is clear
df 1+6,)°
Be (g oy p L) (19)
dﬂt (1 + k‘lt)
2
do (1 + kiy)

5.2 Appendix of data

Inflation

Inflation rate based on consumer price index. Source: Global Financial Data.
Tax burden

Calculated as the percentage of general government revenues to GDP. Sources:
Kaminisky, Reinhart and Végh (2004) and Global Financial Data.
VAT tax rates

Stardard VAT rate. Sources: Argentina (Luciano Di Gresia, 2003, “Impuesto
sobre los Ingresos Brutos: Andlisis Comparativo de su Evolucién y Perspecti-
vas,” Working paper No. 7, Universidad Nacional de La Plata, Argentina);
Canada (Canada Revenue Agency); Dominican Republic (Direccién General de
Impuestos Internos); Ecuador (Servicio de Rentas Internas); Egypt (Ministry
of Finance); El Salvador (Ministerio de Hacienda); Guatemala (Gerencia de
Orientacién Legal y Derechos del Contribuyente, Superintendencia de Admin-
istracion Tributaria); Israel (International Affairs-Customs Directorate); Japan
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(Vicki Beyer, 2000, “Japan’s Consumption Tax: Settled in to Stay,” Revenue
Law Journal, Vol. 6, 98-106); Korea (International Media Relations, Ministry
of Strategy and Finance); Mexico (Cdmara de Diputados del Honorable Con-
greso de la Unidén, Secretaria General, Secretaria de Servicios Parlamentarios,
Centro de Documentacién, Informacién y Analisis); New Zealand (Inland Rev-
enue Department and Simon J. and A. Clinton, 2008, “Successful Tax Reform:
The Experience of Value Added Tax in the United Kingdom and Goods and
Services Tax in New Zealand,” Journal of Finance and Management in Public
Services , Vol. 8, 35-47); Paraguay (Subsecretaria de Estado de Tributacion,
Ministerio de Hacienda); Singapore (Inland Revenue Authority of Singapore);
South Africa (The Economic Society of South Africa); Switzerland (Swissnet-
work.com); Turkey (Revenue Administration, Presidency of Revenue Adminis-
tration); Uruguay (Direccion General Impositiva).

Data for Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Estonia, Fin-
land, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania,
Netherlands, Poland, Portugal, Romania, Spain, Sweden and United Kingdom
is from “VAT Rates. Applied in the Member States of the European Commu-
nity,” European Commission, Taxation and Customs Union (2009).

TOR

T-year centered moving average turnover rate of central bank governor. We
call the heads of the central bank “governors” independent of whether their ac-
tual job title is governor, director or president. Source: Central Bank’s websites
and emails exchanged with those institutions.

Bank crises

Dummy variable equal to 1 if there is a systemic bank crises; 0 otherwise.
Sources: Kindleberger (2000) and Reinhart (2010).

Default

Dummy variable equal to 1 if there is a rated foreign sovereign default on
bonds or banks; 0 otherwise. Source: Reinhart (2010).

IMF program

Dummy variable equal to 1 if there is an IMF program; 0 otherwise. Source:
Reinhart (2010) and International Financial Statistics (IMF).

Fiscal deficit

Calculated as the percentage of general government fiscal deficit to GDP.
Sources: Kaminisky, Reinhart and Végh (2004) and Global Financial Data.
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Table 1. Summary statistics. Inflation, tax burden and VAT tax rate.

Average Standard deviation Average  Standard deviation Average  Standard deviation

Country inflation inflation tax burden tax burden VAT tax rate VAT tax rate
Algeria 14.0 8.6 329 4.3

Argentina 260.4 796.3 16.3 5.6 18.4 3.0
Australia 6.5 4.4 314 35

Austria 42 23 48.7 38 18.9 14
Bangladesh 12.6 21.8 85 3.1

Belgium 4.8 34 48.0 1.4 18.6 15
Bolivia 109.4 405.3 20.8 57

Botswana 104 2.8 45.3 59

Brazil 333.6 614.6 30.5 9.2

Bulgaria 67.5 149.2 40.7 11 19.9 11
Canada 4.5 34 41.8 35 6.7 0.7
Cape Verde 3.7 3.9 327 4.5

Chile 53.6 108.7 231 3.4

China 7.2 9.2 153 29

Colombia 20.0 72 217 4.0

Costa Rica 17.2 16.1 112 2.6

Cyprus 5.0 35 36.4 4.6 5.0 0.0
Czech Republic 4.5 32 425 51 209 16
Dominican Republic 147 16.3 155 2.0 11.6 3.6
Ecuador 273 223 18.3 56 8.2 23
Egypt 10.8 7.2 30.1 6.2 10.0 0.0
El Salvador 10.5 8.3 16.9 19 125 12
Estonia 75.7 2232 37.7 26 17.2 25
Finland 6.8 4.9 46.9 38 220 0.0
France 6.2 4.3 46.3 4.6 19.2 16
Gambia The 12.2 11.3 25.1 3.9

Germany 34 21 45.4 1.0 13.1 16
Ghana 37.6 34.4 15.1 59

Greece 14.0 76 327 4.7 17.7 0.7
Guatemala 10.7 10.2 116 15 9.4 19
Haiti 13.9 119 8.7 22

Honduras 12.0 8.5 20.8 3.9

Hungary 10.2 9.3 44.0 2.0 24.1 2.0
Iceland 20.5 209 209 12.9

India 8.2 6.0 18.0 1.0

Indonesia 13.6 136 179 2.0

Iran 17.9 10.1 25.7 9.2

Ireland 8.3 6.7 36.9 33 223 29
Israel 52.6 929 15.7 24
Italy 9.6 6.5 40.4 5.3 16.3 3.1
Jamaica 189 15.4 253 5.6

Japan 31 4.8 28.1 34 4.2 1.0
Jordan 7.0 74 26.9 71

Kenya 133 10.2 26.6 29

Korea 75 73 19.2 33 10.0 0.0
Latvia 10.1 10.5 36.1 22 18.0 0.0
Lithuania 18.0 45.9 343 20 18.1 03
Madagascar 15.0 125 12.9 21

Malaysia 4.0 35 30.7 53

Mauritius 10.0 8.1 219 1.6

Mexico 29.4 342 223 32 12.8 25
Mongolia 61.2 97.6 30.1 5.9

Morocco 5.9 3.8 23.8 2.4

Mozambique 10.9 75 232 35

Nepal 8.2 53 13.0 18

Netherlands 4.2 3.0 51.2 2.6 175 18
New Zealand 7.4 5.9 34.5 35 12.1 0.9
Nigeria 257 20.2 248 71

Norway 5.9 3.8 50.2 25

Pakistan 8.9 6.6 17.0 19

Paraguay 14.2 9.6 13.6 4.3 10.0 0.0
Peru 177.7 552.0 14.6 3.0

Philippines 11.8 10.7 16.8 35

Poland 54.1 144.0 40.2 23 22.0 0.0
Portugal 139 9.0 36.8 4.6 16.6 0.5
Romania 65.7 85.7 9.4 15.4 19.1 12
Rwanda 10.2 12.2 13.2 4.6

Seychelles 3.7 42 48.0 52

Singapore 29 54 27.8 6.3 4.2 1.6
South Africa 10.1 4.4 256 13 13.8 0.9
Spain 9.8 6.0 36.4 38 13.8 19
Sri Lanka 10.2 6.1 20.2 33

Sudan 40.1 39.7 12.4 3.6

Swaziland 12.0 49 289 22

Sweden 5.6 4.0 59.6 20 224 3.4
Switzerland 2.9 2.7 35.6 2.4 7.3 0.5
Syrian Arab Republic 12.2 11.9 247 5.0

Tanzania 197 15.4 16.3 2.6

Thailand 5.7 5.2 16.7 16

Trinidad and Tobago 9.2 54 29.8 37

Tunisia 5.9 31 29.1 46

Turkey 43.9 30.0 216 34 129 3.9
Uganda 46.6 62.5 12.8 4.8

United Kingdom 6.5 58 39.2 2.0 14.9 3.5
United States 4.8 32 28.1 12

Uruguay 437 33.1 279 35 19.4 4.1
Venezuela 25.4 237 275 3.9

Zambia 61.5 50.5 253 29

Zimbabwe 67.8 172.1 28.2 21

Average 27.1 48.7 27.7 3.8 14.9 16
Median 10.9 8.6 26.7 35 16.0 15
Min 29 21 85 1.0 4.2 0.0
Max 333.6 796.3 59.6 15.4 241 41
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Table 2. Summary statistics. Turnover rate of central bank governor
and frequency of central bank governor replacement.

Average Average frequency of central Standard

Country TOR bank governor replacement deviation TOR
Algeria 0.21 4 years and 9 months 0.13
Argentina 0.80 1 year and 2 months 0.35
Australia 0.14 7 years and 4 months 0.05
Austria 0.20 5years 0.09
Bangladesh 0.23 4 years and 4 months 0.12
Belgium 0.12 8 years and 2 months 0.07
Bolivia 0.60 1 year and 8 months 0.46
Botswana 0.19 5 years and 3 months 0.13
Brazil 0.61 1 year and 7 months 0.35
Bulgaria 0.20 4 years and 11 months 0.10
Canada 0.11 9 years and 5 months 0.06
Cape Verde 0.12 8 years and 4 months 0.08
Chile 0.42 2 years and 4 months 0.24
China 0.23 4 years and 5 months 0.09
Colombia 0.14 6 years and 11 months 0.10
Costa Rica 0.51 1 year and 11 months 0.30
Cyprus 0.06 16 years and 4 months 0.07
Czech Republic 0.18 5 years and 7 months 0.13
Dominican Republic 0.44 2 years and 3 months 0.21
Ecuador 0.82 1 year and 2 months 0.19
Egypt 0.21 4 years and 8 months 0.10
El Salvador 0.33 3years 0.17
Estonia 0.17 6 years 0.10
Finland 0.15 6 years and 8 months 0.10
France 0.17 5 years and 9 months 0.08
Gambia The 0.17 5 years and 10 months 0.12
Germany 0.12 8 years and 1 months 0.10
Ghana 0.16 6 years 0.09
Greece 0.24 4 years and 2 months 0.14
Guatemala 0.46 2 years and 2 months 0.27
Haiti 0.55 1 year and 9 months 0.31
Honduras 0.22 4 years and 7 months 0.09
Hungary 0.17 5 years and 9 months 0.14
Iceland 0.09 11 years and 8 months 0.12
India 0.30 3 years and 3 months 0.12
Indonesia 0.16 6 years and 2 months 0.09
Iran 0.30 3 years and 3 months 0.15
Ireland 0.15 6 years and 8 months 0.06
Israel 0.14 6 years and 11 months 0.08
Italy 0.08 11 years and 10 months 0.09
Jamaica 0.26 3 years and 9 months 0.20
Japan 0.20 4 years and 11 months 0.07
Jordan 0.13 7 years and 5 months 0.09
Kenya 0.16 6 years and 1 months 0.10
Korea 0.38 2 years and 7 months 0.12
Latvia 0.22 4 years and 7 months 0.13
Lithuania 0.24 4 years and 1 months 0.26
Madagascar 0.12 8 years and 3 months 0.11
Malaysia 0.15 6 years and 9 months 0.11
Mauritius 0.09 11 years and 8 months 0.08
Mexico 0.12 8 years and 2 months 0.12
Mongolia 0.19 5 years and 1 months 0.10
Morocco 0.10 10 years 0.10
Mozambique 0.13 7 years and 7 months 0.12
Nepal 0.19 5 years and 4 months 0.07
Netherlands 0.06 17 years 0.07
New Zealand 0.15 6 years and 8 months 0.11
Nigeria 0.16 6 years and 3 months 0.13
Norway 0.12 8 years and 2 months 0.13
Pakistan 0.27 3 years and 7 months 0.16
Paraguay 0.33 3 years 0.31
Peru 0.38 2 years and 7 months 0.19
Philippines 0.18 5 years and 7 months 0.09
Poland 0.28 3 years and 7 months 0.24
Portugal 0.22 4 years and 5 months 0.11
Romania 0.12 8 years and 5 months 0.12
Rwanda 0.16 6 years and 4 months 0.12
Seychelles 0.14 7 years and 4 months 0.09
Singapore 0.12 8 years and 4 months 0.08
South Africa 0.09 11 years and 3 months 0.07
Spain 0.17 5 years and 9 months 0.08
Sri Lanka 0.16 6 years and 4 months 0.09
Sudan 0.26 3 years and 10 months 0.16
Swaziland 0.15 6 years and 9 months 0.12
Sweden 0.19 5 years and 2 months 0.13
Switzerland 0.14 7 years and 2 months 0.09
Syrian Arab Republic 0.15 6 years and 6 months 0.08
Tanzania 0.08 12 years and 6 months 0.09
Thailand 0.27 3 years and 8 months 0.12
Trinidad and Tobago 0.15 6 years and 8 months 0.11
Tunisia 0.22 4 years and 5 months 0.13
Turkey 0.29 3 years and 5 months 0.10
Uganda 0.20 4 years and 11 months 0.14
United Kingdom 0.11 9 years 0.07
United States 0.11 8 years and 8 months 0.11
Uruguay 0.36 2 years and 9 months 0.15
Venezuela 0.33 3 years 0.14
Zambia 0.28 3 years and 6 months 0.15
Zimbabwe 0.12 8 years and 1 months 0.06
Average 0.22 4 years and 5 months 0.13
Median 0.17 5 years and 9 months 0.11
Min 0.06 17 years 0.05
Max 0.82 1 year and 2 months 0.46
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Figure 1. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
+/- 95 percent confidence interval.
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Note: 2148 observations.

Figure 2. Evolution of Spearman’s rank correlation between inflation and VAT tax
rates across alternative levels of TOR of central bank governor.
+/- 95 percent confidence interval.
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Figure 3. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Developing countries. +/- 95 percent confidence interval.
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Figure 4. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Advanced countries. +/- 95 percent confidence interval.
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Figure 5. Evolution of Spearman’s rank correlation between adjusted-inflation and
tax burden across alternative levels of TOR of central bank governor.
+/- 95 percent confidence interval.
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Figure 6. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Non-banking crisis observations. +/- 95 percent confidence interval.

0.9

0.7 A

0.5 A

0.3 A

0.1 A

Spearman's rank correlation (inflation, tax burden)

-0.5

TOR of central bank governor

Note: 2061 observations.

31



Figure 7. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Non-default observations. +/- 95 percent confidence interval.
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Figure 8. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Non-IMF program observations. +/- 95 percent confidence interval.
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Figure 9. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Observations with fiscal deficit as percentage of GDP above the median.
+/- 95 percent confidence interval.
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Figure 10. Evolution of Spearman’s rank correlation between inflation and tax
burden across alternative levels of TOR of central bank governor.
Observations with fiscal deficit as percentage of GDP below the median.
+/- 95 percent confidence interval.

0.9

0.7 A

0.5 A

0.3 A

0.1 A

0.6 0.8 .

Spearman's rank correlation (inflation, tax burden)

-0.5

TOR of central bank governor

Note: 1040 observations.

33



