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Abstract

This paper studies optimal direct and indirect taxation in an endogenous
growth framework with a productive public good and costly tax collection. Opti-
mal (growth-maximizing) tax rules are derived under exogenous collection costs.
The optimal direct-indirect tax ratio is shown to be negatively related to the
administrative costs of collecting these taxes, as documented in cross-country
data. This result also holds under endogenous collection costs (with these costs
inversely related to administrative spending on tax enforcement), but for these to
generate significant effects on tax collection requires implausibly high degrees of
efficiency in spending, or the allocation of a large fraction of resources to tax en-
forcement. Depending on how it is financed, the latter policy may entail adverse
effects on growth. Improving “tax culture” and the sense of civic duty through
greater budgetary transparency may be a more effective policy to improve tax
collection and promote economic growth.
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1 Introduction

An important feature of the tax system in many developing countries is the prevalence
of taxes on consumption or, more generally, indirect taxes. Personal income taxes
are rarely comprehensive and often do not amount to much more than withholding
taxes on labor income in the formal sector. Similarly, among corporate firms, taxes are
collected mainly from those who are highly dependent on the formal financial sector.
As documented for instance by Gordon and Li (2009), consumption taxes account
for more than half of total government revenues in poor countries, whereas personal
income taxes represent about 30 percent and corporate income taxes 13 percent of
total revenues—compared to 33 percent, 54 percent, and 10 percent, respectively, in
richer countries.! Thus, poorer countries tend to rely relatively more than richer ones
on indirect taxes.

Several observers have argued that the existence of high collection costs on personal
and capital income may explain why the tax structure in many developing countries
is dominated by indirect taxes. In a broad sense, these costs include not only those
associated with collecting revenues, enforcing payments, and implementing audits, but
also the budgetary costs incurred in preparing and promulgating tax laws. As noted by
Bird and Zolt (2005), whereas developed countries devote roughly one percent of tax
revenues to cover the budgetary costs of tax collection, the costs of tax administration
are significantly higher in developing countries—almost three percent, according to
Gallagher (2005). Figure 1, based on available data, shows a scatter diagram relating
the ratio of direct-to-indirect tax revenue to the administrative cost of tax collection
(measured in proportion of net tax revenue) in a sample of 41 countries over the
period 2001-07. The graph suggests a negative relationship, which implies indeed that
countries where tax collection costs are high (as is often the case for direct taxes) tend
to rely more on indirect taxes.

Most of the existing literature on the economic effects of collection costs has been

conducted in a static, partial equilibrium setting, often with an exogenous revenue

! Adding revenue from seigniorage and trade duties, indirect tax revenue is more than twice as large
(as a fraction of total revenue) in developing countries compared to developed countries, at 76 versus
35 percent.



constraint to avoid modeling the expenditure side of the government budget. Aspects
of taxation that have been studied in that context include the optimality of Friedman’s
inflation tax rule, the desirability of positive tariffs, the link between the capacity to col-
lect domestic taxes and foreign borrowing (see Aizenman (1987), Végh (1989), De Fiore
(2000), and Aizenman and Marion (2004)), and the trade-off between raising revenue
through higher tax rates or greater expenditures on enforcement (see Kaplow (1990)
and Besfamille and Siritto (2009)). Regarding the latter, higher tax rates may seem
preferable intuitively, given that enforcement directly consumes resources. Moreover,
as with higher nominal rates, greater enforcement tends to distort private behavior
because it raises the marginal effective tax rate. As demonstrated by Kaplow (1990),
however, raising tax rates and increasing enforcement expenditure typically do not
cause the same degree of distortion; in the cases that he considers, some expenditure
on enforcement may be optimal even when enforcement is costly and increases (every-
thing else equal) distortions in private behavior, and even if other revenue sources with
no enforcement costs are available.

The fact that tax enforcement entails direct resource costs also has important im-
plications for growth. In a general equilibrium setting, a binding budget constraint
implies that trade-offs exist in the allocation of spending—implying that higher ex-
penditure on tax collection may be detrimental to growth, if alternative uses of public
resources have a positive impact on the productivity of private inputs or investment.
At the same time, however, government spending on tax enforcement may be produc-
tive if it contributes to lowering collection costs—thereby freeing more public resources
for the provision of productivity-enhancing services. But somewhat surprisingly, the
literature on optimal taxation has not examined the implications of tax collection costs
for the structure and level of tax rates in a growth context.

In this paper, we attempt to breach this gap by analyzing the growth-maximizing
structure of taxes, viewed as consisting of indirect (consumption) taxes and direct (in-

come) taxes, in the presence of collection costs.? We do so in an endogenous growth

2The reason why we focus on growth rather than welfare maximization is twofold. First, although
at the conceptual level welfare maximization is naturally viewed as the primary objective of benevolent
governments, in practice imperfect knowledge about household preferences makes adopting it as a first-
best strategy difficult; because changes in income are easier to measure than welfare, a policy of growth



model with productive government spending, as in the recent line of research on tax-
ation and growth. In this type of models, a natural trade-off arises regarding direct
taxation: on the one hand, it distorts incentives to work and save, thereby lowering
growth; on the other, it increases the marginal productivity of private inputs, thereby
enhancing growth—and possibly welfare. This is the key insight of Barro’s (1990)
contribution, which was extended in many subsequent studies. Our rationale for us-
ing an endogenous growth framework, however, is different: our goal is to highlight
the trade-off that may arise between spending on tax enforcement and spending on
productivity-enhancing items, and its implications for long-run growth.

More generally, and in line with the evidence discussed earlier regarding the tax
structure in developed and developing countries, our goal is to examine whether the
existence of a skewed distribution of tax collection costs may explain the observed bias
toward indirect taxation at low levels of development. In that sense, therefore, we
provide a positive, rather than normative, analysis (that is, we abstract from equity
considerations). We begin by considering the case where the parameter characterizing
the degree of inefficiency in collection costs is constant. We then consider the case
where this parameter is endogenous and inversely related to the resources spent by the
government on tax enforcement (relative to the relevant tax base). This is important
because one of the main reasons why some categories of taxes are harder to collect than
others in developing countries (especially the poorest ones) is the lack of administrative
capacity. For instance, the relative importance of import duties in some of these
countries (relative to total taxes as well as taxes on domestic consumption) is often
attributed to the fact that collection costs for that category of taxes are relatively
small, which in turn stems from the fact that controlling points of entry and exit of
foreign goods requires more limited administrative resources.

The remainder of the paper is organized as follows. Section II presents the basic

framework, which assumes constant collection costs. We abstract from human capital

maximization represents a second-best strategy. Second, our goal is positive rather than normative—
it is to explain the observed composition of revenues in low-income countries. In the working paper
version of this article (available upon request) we analyze the welfare-maximizing solutions as well,
but general analytical results are difficult to derive.



accumulation and keep labor supply exogenous.? However, although the supply of raw
labor is fixed, effective labor (that is, labor in efficiency units) is endogenous, in part
because government spending affects productivity. Section III derives the balanced-
growth path of the decentralized economy. Section IV derives the growth-maximizing
tax structure.* Section V endogenizes collection costs, by relating them to spending on
tax enforcement. The last section offers some concluding remarks and discusses some

research perspectives.

2 Basic Framework

Consider an economy populated by an infinitely-lived representative household and
where a single homogeneous good is produced. The price of the good (which can be
used for consumption or investment) is fixed. The government provides productivity-
enhancing services (health, education, access to roads, and the like), at no charge to
users. Moreover, these services are not subject to congestion. Productivity-enhancing
services are thus a pure (that is, non-rival, non-excludable) public good.> To finance
its expenditure, the government levies direct and indirect taxes, in the form of a pro-

portional tax on income and consumption.

2.1 Production

Goods, in quantity Y, are produced with private capital, K, and effective labor, given

by the product of the number of workers (which is constant and normalized to unity)

3As argued by Garcfa-Penalosa and Turnovsky (2005, p. 1052), abstracting from labor-leisure
choices is a reasonable approximation when it comes to developing countries—particularly the poorest
ones. Given the low levels of consumption to begin with in these countries, it is unlikely that much
leisure is consumed. In addition, we do not discuss the composition of direct taxes.

4We could of course assume that the share of productive spending is also determined optimally;
however, this issue has been discussed at length in the literature; see Agénor and Neanidis (2011) and
the literature therein.

® Assuming that productivity-enhancing services are nonexcludable rules out the imposition of an
explicit user fee by the government, as for instance in Ott and Turnovsky (2006). However, because
we assume that the implicit rent generated by the public good accrues to the household, the direct
tax rate can be thought of as playing in part the role of a user fee.



and productivity, A. Assuming a Cobb-Douglas technology yields®
Y = APy K1Py

where 3y € (0,1). In turn, productivity is assumed to depend on the supply of public
services, G, and the private capital stock, through a standard Arrow learning-by-
doing effect:

A=GYHK'™,

where a € (0,1). Combining these two equations yields

Cn

Y= (5

)K, (1)

where § = [y a. Thus, as long as Gy /K is constant, output is linear in the capital

stock.

2.2 Household Optimization

The household maximizes the discounted present value of utility
o (1-1/o
mCaXV = /0 -1/ exp(—pt)dt, o>1, (2)
where C' is consumption and p > 0 the discount rate, and ¢ > 0 the intertemporal
elasticity of substitution.”
The household-producer spends on consumption, which is taxed at the rate 7¢ €
(0,1), and accumulates capital. Its income is taxed at the uniform rate 7y € (0,1).

The representative household’s resource constraint is thus given by
K=(1-1y)Y —(147¢)C, (3)

where for simplicity we assume that private capital does not depreciate.

In what folllows, time subscripts are omitted for simplicity. Also, & = dx/dt is used to denote the
time derivative of any variable x.

"Productivity-enhancing services could be taken to affect also household utility. However, as
demonstrated in the working paper of this article, this would complicate the analysis without al-
tering the thrust of our results.



The household takes tax rates, productivity, and government services as given when
choosing the optimal sequence of consumption. Using (1), (2), and (3), optimality

conditions for this problem yield the familiar result

' Y
C = os(z) —op (@)
where s = (1—7y)(1—/3), together with the budget constraint (3) and the transversality
condition
. (1 —|— Tc)K
Lim e exp(—pt) = 0. (5)

2.3 Government

The government taxes both income and consumption and spends on productivity-
enhancing services and administration, in quantities Gz and G4, respectively. We
assume for the moment that G 4 is unproductive (also with no effect on utility, for sim-
plicity) and will consider later the case where it affects the tax enforcement technology.

As suggested by the evidence, collecting both categories of taxes entails a loss of
resources. We assume that tax collection costs are measured by a term ¢, 7% /2, where
¢, > 0 is the inefficiency parameter, for h = C,Y. Thus, collection costs are assumed
to be a convex function of the relevant tax rate, as for instance in Aizenman (1987)
and Kaplow (1990). The wedge 7, — ¢, 73 /2 represents therefore the effective tax rate,
which falls with increases in ¢,,.5

The government cannot use seigniorage or issue debt claims, and its budget must

be balanced continuously.” Thus, the government flow budget constraint is given by

Gu+ G = (ry = 2r)Y 4 (ro — 220 (6)

Both components of public spending are taken to be constant fractions of tax rev-

enue, so that

Gh:Uh{(TY_¢_YT%’)Y+(TC_@7—%)C}7 h=HA (7)

8To ensure that revenues from tax h are positive requires imposing 7, < 2/¢,.

9See for instance Turnosky (1996a) for a model with government debt. However, in his model, debt
plays no welfare-enhancing role. Ferreira (1999) and Holman and Neanidis (2006) develop endogenous
growth models where public spending is financed by the inflation tax. In addition, given our focus on
possible trade-offs between distortionary taxes, we do not account for lump-sum transfers.

7



with v, € (0,1). The government budget constraint can thus be rewritten as

UH—FUA:L (8)

3 The Decentralized Equilibrium

In the present setting, the decentralized (competitive) equilibrium, in which house-
holds take government spending and tax policies (including tax collection costs) as
independent of their decisions, can be defined as a set of infinite sequences for the
quantities {C, K'}$°, such that the path {C, K'}{2, satisfies equation (3), (4), and (8),
with constant spending shares, vy and v 4, and constant tax rates, 7¢ and 7y.

From (1) and (7), it can be shown that

Y
? = (HUH)B/Q7 (9)

where (2 =1 — 3, and

0=1v~ 27t 1 (e - 2272,

which corresponds to the tax revenue-output ratio.
This result can be combined with the budget constraint (3) to give
K C
x= ll— (TY+TC(?))1 (Ovm)?? — ¢, (10)
where ¢ = C/K.
Subtracting (10) from (4) and using (9) yields the following nonlinear differential
equation in c:

£ = T(Ovg)? + ¢ — ap, (11)

o

where I' = 0s — [1 — (1yv + 7c($))].

Equation (11) and the transversality condition (5) determine the dynamics of the
decentralized economy. It is easy to verify that the equilibrium is globally unstable; to
be on the balanced growth path (along which ¢ = 0), the economy must start there.

Thus, the model displays no transitional dynamics.



From (4), and using (9), the steady-state growth rate  is

. 18/Q

R Ll O e R I S S (12)
where C / Y is the constant, steady-state consumption-output ratio. Expression (12)
shows that the steady-state growth rate of the economy depends directly, in general,
on both tax rates and their associated collection costs, as well as the spending share
on productivity-enhancing services, vy.

The presence of collection costs—or, more generally, waste due to tax inefficient
administration—generates not only a reduction in government revenues but also a

resource loss for the economy, as can be seen by consolidating the budget constraints

(3) and (6):
C+K+Gr+Ga=( —%T%)Y—%CT%C. (13)

To determine C /}7, divide through the representative household’s resource con-
straint equation (3) by K, to get
K Y CY
? = (1 — Ty)g — (1 + Tc)??.
Along the balanced growth path, K /K = ~; solving the above expression for
C/Y and noting that from (12) (Y/K) 'y = o[s — p(Y/K)~] yields

% = 1_:7_0 {I—Ty—O'[S—p(%)_l]}, (14)

with Y /K = (Bug)?/? from (9). Substituting (14) in (12), and applying the implicit
function theorem, it can be established that the growth rate depends ambiguously on
Ty and 7¢. For 7y, this reflects not only the standard trade-off identified by Barro
(1990), but also changes in the long-run consumption-output ratio and changes in the
cost of collecting direct taxes. For 7o, the intuition is that the direct effect of an
increase in the tax rate on consumption is to raise revenue and promote growth, by
allowing the government to spend more resources on productivity-enhancing services.
At the same time, however, a higher 7+ increases the cost of collecting indirect taxes
and lowers the tax base (as a proportion of output), implying that the net effect on

revenue (and thus growth) is in general ambiguous.

9



4 Constant Inefficiency in Collection Costs

Suppose now that the government sets fiscal policy so as to maximize growth. We begin
with the case of constant inefficiency, and examine next the case where inefficiency can
be reduced by administrative spending on tax enforcement.

With the use of equations (12), (14) and (9), the following result can be established:

Proposition 1. With constant inefficiency, the growth-maximizing tax structure is

given by
% (r) 4 dere— 120 (15)
i (1= 0 %y + o] + o - SRy (%) —5 (9

The solution is thus recursive. Equation (15) implies that there are two solutions
to the optimal consumption tax rate; by Descartes’ rule of sign, these solutions are
of opposite sign. A positive tax rate on consumption has two opposite effects on
growth: on the one hand, it increases revenues and allows more productive spending;
on the other, it increases collection costs and reduces the consumption tax base (as a
proportion of output), as noted earlier. But because these costs are always positive
(given their quadratic nature) a negative tax on consumption (a subsidy) cannot exploit
this trade-off, as can be verified from (12). We therefore focus our discussion on a

0 As shown in the Appendix, for the optimal

non-negative consumption tax rate.!
consumption tax rate to be positive requires ¢~ > 0; to obtain a solution that is both
positive and bounded requires ¢ > 2/3. Intuitively, the degree of inefficiency must
be high enough to ensure a genuine trade-off between the “revenue effect” and the
“collection cost effect” when setting the optimal tax rate.

The following result can also be established:

Corollary 1.1. With constant inefficiency, the growth-mazximizing consumption tax
rate varies inversely with ¢ (015 /0¢s < 0) and limg oo 7 = 0.

Thus, an increase in the “own” degree of inefficiency associated with collecting

indirect taxes lowers its optimal value. Table 1 illustrates this result numerically for

10Tn addition, our aim is to explain an actual fact—greater reliance on consumption taxes, rather
than subsidies (see Figure 1).

10



values of ¢ in the range (1, 10). Based on the data presented by Gordon and Li (2009,
Table 2), and using VAT rates as a proxy for the consumption tax rate, the results
show that values of ¢ in the range (4,6) give estimates that are close to those observed
in developed countries, whereas values in excess of 6 produce estimates closer to VAT
rates observed in developing countries.

The inverse relationship described in Corollary 1.1 is similar to the result derived
by Aizenman (1987) and others, in a static, partial equilibrium context. That this
result continues to hold in a growth context is important because most of the litera-
ture on taxation and growth can generate a distortionary consumption tax only when
labor supply decisions are endogenous (see for instance Milesi-Ferretti and Roubini
(1998b) and Turnovsky (2000)). In our model, by contrast, labor supply (“raw” or
“effective”) plays no role in the results; the optimal consumption tax depends solely
on the magnitude of the relevant collection cost.

The optimality condition (16) is a nonlinear equation in 73 and 75, and in general
no explicit solution can be derived. The two tax rates act as substitutes, given that
according to this condition the government can generate revenue (as a fraction of
output) equal to £, with a combination of the two tax rates. However, given that 75
is solely a function of ¢, which is constant, we can use the implicit function theorem
to evaluate the effect of ¢y and ¢ on 75.. From the derivations in the Appendix, the
following result can then be established:

Corollary 1.2. With constant inefficiency, and if the initial income tax rate is not
too large, an increase in the degree of inefficiency in collecting direct tazes decreases
the growth-mazimizing income tax rate (073 /0¢y < 0), whereas an increase in the
degree of inefficiency in collecting indirect tazes raises the growth-mazimizing income
tazx rate (013 /0¢c > 0).

The condition on the initial income tax rate is 7y < /(1 + ), which implies
Ty < (. Intuitively, it means that initially the economy must be positioned sufficiently
below the optimal rate $ and on the left-hand side of the “Laffer curve” that prevails in
the absence of collection costs, for an increase in the own degree of inefficiency (which
raises collection costs) to reduce the optimal tax rate (which offsets the negative effect

of a higher ¢, on tax revenues). The condition 7y < /(1 + () is not particularly

restrictive; assuming a value of 5 = 0.36, the condition on the initial 7y requires the

11



income tax rate to be less than 0.26.!! This restriction is largely satisfied for most
low-income countries, where the average ratio of (personal) income taxes to GDP is
around 0.02. For Africa, for instance, the ratio is 0.022 for the period 1975-2001, and
for India it is 0.014 for the period 1998-2002 (see Bird and Zolt (2005, Tables 1 to 3)).
Thus, under a fairly plausible condition, an increase in collection costs associated with
direct (indirect) taxation tends to reduce (increase) the optimal income tax rate.

To illustrate that the condition on the size of initial 7y is not particularly restrictive,
we run a series of numerical simulations with respect to the optimality condition (16).
In the simulations, we calculate the optimal income tax rate 7§ for various values of
¢y and ¢ (recall that the latter solely determines 73,), once we set parameter values
for 3, p,o, and vy. For 3, we use the value 0.36. For ¢ and p we use values of 0.2 and
0.04, respectively. The first value is consistent with estimates for low-income countries,
as documented by Ogaki, Ostry, and Reinhart (1996) and Agénor and Montiel (2008),
whereas the second is fairly standard. For vy , we use a value of 0.09, which corresponds
to the share of total tax revenue toward public health expenditure for the group of 63
low-income countries (as defined in the World Bank Atlas Classification, averaged over
1970-2000). The estimated values of 73 are presented in Table 2. These values support
Corollary 1.2 as to the effect of ¢y and ¢ on 73.. The size of 73 is also consistent with
the low income tax rates observed in poor countries, as documented in Bird and Zolt
(2005).12

Combining the results in Corollaries 1.1 and 1.2, we obtain the relationship between
the optimal (growth-maximizing) ratio of direct to indirect tax rates (73-/75) and the
two associated types of collection costs (¢y and ¢). The expressions are given by

dery/re) _ Ldry )
doy TG doy

HRecall that 3, which is equal to By «, is the net elasticity of output with respect to productivity-
enhancing public services. It reflects both the elasticity of output with respect to labor, 8y-, and the
marginal benefits of a variety of public services—including infrastructure, education, and health—on
productivity, «. Using a standard value of 8y = 0.6, and assuming a value of @ = 0.6 (which may
be on the low side for a low-income country if public services consist of health and education, in
particular) gives 8 = 0.36.

12The quantitative effect of ¢y and ¢, on 73 illustrated in Table 2 is not very sensitive to the
parameter values used for 3, p, o, and vy, and neither is the pattern identified in the table.

12



dr¥ dr*
d(ry/re)  Toae — Tvae

doo a (72)?
Equations (17) and (18) suggest that collection costs associated with both con-

> 0. (18)

sumption and income taxes induce a “substitution effect” in the tax structure. In this
sense, a greater cost of collecting one of the taxes leads to greater reliance on the other
tax, in relative terms. This is illustrated in Table 3, which combines Table 1 and Table
2.

Given our interest in replicating the phenomenon observed in Figure 1, we now
examine how tax collection costs (as defined in our model) are related to the optimal
ratio of direct to indirect tax revenue, rather than to the ratio of tax rates. Then,
taking a further step, we express the collection costs in terms of their definition in
OECD (2008), used to develop Figure 1. This amounts to transforming tax collection
costs as a percentage of collecting 100 units of revenue. This exercise allows a direct
quantitative comparison between the simulated estimates of our model and the actual
country experiences documented in the data.

The way we formulated tax collection costs in the government flow budget constraint
(6), offers an easy calculation of the ratio of direct to indirect tax revenue; it is given

by

(ry — &72)Y _ (ry — &73) (19)
(re —%72)C (1c—%272) (£)

Along the balanced growth path, using equations (15) and (16), with the expressions
for C'/Y from (14) and for Y /K from (9), we calculate the optimal ratio of direct to
indirect tax revenue for various values of ¢y and ¢.; once again for given parameter
values of 3, p, o, and vy. These are shown in Table 4, which depicts the “substitution
effect” of tax collection costs in the revenue-generating structure of the two taxes.

Our formulation of tax collection costs offers an additional advantage, as it can be
easily transformed to the definition used by OECD (2008). The definition considers
the administrative cost of collecting direct (personal income) and indirect (value added
and excise) tax revenue expressed as a fraction of net revenue collected. In other words,

it measures how much it costs to collect 100 units of revenue. In terms of our model,

13



this measure corresponds to

‘%YT%/Y %T%C

Py 2 $c 2

Cost of Tax Collection =
(ry =5 79)Y  (1c — F78)C

Y

or

Cost of Tax Collection = (20)

1—¢TYTY+1—¢§TC'

Using equations (19) and (20), along the balanced growth path, we can show the
relationship between the cost of collecting taxes and the optimal ratio of direct to
indirect tax revenue generated by our model. This relationship is displayed in Figure
2, for values of ¢ in the range of (3,10), and for ¢y in the range of (5,50). The circles
and the blue line represent the actual observations from Figure 1, while the squares and
the red line reflect the points generated by our model. In general, the simulated values
seem to do a good job at replicating the data. They capture the negative relationship
between the two variables, and the calibrated linear trend matches the actual trend.
A notable point, though, is that the generated values are not as dispersed as the
actual data. This could be explained by a number of factors or parameters that could
influence the relationship between collection costs and the revenue ratio, but are not
incorporated in our model.!®* Moreover, the simulated values are generated along the
balanced growth path, whereas the actual data correspond to economies (a mix of
developed and developing countries) that could be in transition toward their steady-
state path.

In spite of that, our model does track the data pretty well by showing that tax
collection costs lead to adjustments in the ratio of (direct to indirect) tax revenue,
even when these costs are treated as exogenously determined. Put differently, with
constant inefficiency, the growth-maximizing ratio of direct-to-indirect tax revenue is
inversely related to the total administrative costs of collecting these taxes. This result,
therefore, provides support to our main conjecture—that the observed bias in the tax
structure of developing countries toward indirect taxes may be the result of (or, more

precisely, the optimal response to) high collection costs associated with income taxes.

13These factors may include corrupt practices by tax officials, tax evasion by households, rules of
punishment for bureaucrats and households who fail to abide by the tax law, and so on.

14



Before turning to the evaluation of this result in the presence of endogenous col-
lection costs, we digress for a moment and focus on the growth-maximizing solution of
the income tax rate in equation (16), which exhibits multiple equilibria. Suppose that
the government faces a situation where ¢~ — oo, that is, the cost of collecting the
consumption tax becomes prohibitive. Then, as noted earlier, 7, = 0. The optimal
condition for determining the growth-maximizing income tax rate (16) now simplifies

to

() = BL - dy7i). (1)

or equivalently F(7%) = G(7%). Setting A =1+ 3, we have't

Ty — (1 +5)

F(0) =0,

F(1) > 0 for ¢y <2/A

F(1) = 1_0'5¢YAj{ F(1) <0 for ¢y > 2/A

or . >0 for ¢y < 1/73A  O°F
%_1_¢YTYA:>{<0for¢y>1/7§/A’ %__¢YA<O’
G(0)=p3>0,

- G(1) >0 for ¢y < 1
G(1)—ﬁ(1—¢y):‘{ G(1) < 0 for ¢§>1

oG 0*G
= = —PBoy <0, pr=y

oty

Thus, F'(Ty) is either an increasing or a decreasing concave function of 7y, whereas
G(7y) is a decreasing (non-concave, non-convex) function of 7y. As a result, the
optimal value of the direct tax rate may not be unique.

Intuitively, the reason why the solution to the growth-maximizing problem may
lead to multiple equilibria is because an increase in the income tax rate exerts two
adverse effects on growth: it not only reduces incentives to save and invest, but it also
increases tax collection costs—at a rate that depends on the tax rate itself. Depending
on how inefficient tax collection is, this additional adverse effect may significantly alter

the government’s optimal choice. If ¢y is not large, the optimal tax rate will not

H4Rewriting (21) as a monic polynomial, Descartes’ rule of sign implies that this equation has either
two positive real roots, or none at all, depending on parameter values. For obvious economic reasons,
we focus on the first case and consider only bounded solutions, that is, 7y € (0, 1).

15



depart much from the benchmark value of the Barro rule, 3. But if ¢, is sufficiently
large, multiple solutions may emerge—the government may maximize the growth rate
by setting either a high tax rate (which generates large positive externalities but also
entails large collection costs) or a low tax rate (which may entail low collection costs
but generates only mild spillovers).

Possible outcomes are illustrated in Figures 3 and 4. Consider first Figure 3. It is
clear from the above results that G(0) > F'(0), while, in general, G(1) g F(1). Given,
however, that for multiple equilibria to emerge F'(7y) must cut G(7y) from above, a
necessary condition for multiplicity is F'(1) < G(1) < 0. From the above results, this
implies that ¢y must be greater than 2.5

Equilibrium values are those for which F'(7y) and G(7y) intersect. The decreasing
line corresponding to G(7y) can take two forms, as determined by the sign of G(1),

shown in blue (G4) and light blue (Gp) in the figure. As for F/(Ty), three possibilities
are displayed:

e Curve F,, shown in red in the figure, corresponds to the case where F/(1) > 0,
F(1) > G(1), and F’ > 0. There is a single feasible equilibrium value for 73 at
point A when G(1) > 0 and at point A" when G(1) < 0.

e Curve Fg, shown in dotted black in the figure, corresponds to the case where
0> F(1) > G(1), and F’" < 0. There is a single feasible equilibrium value for 73
at point B.

e Curve F¢, shown in dashed purple in the figure, corresponds to the case where
F(1) < G(1) < 0, and F’ < 0. There are now two feasible solutions at points C'
and C'.

Figure 3 illustrates also these possible outcomes, relating the optimal tax rate to
the inefficiency parameter ¢, and for 8 = 0.36. The figure considers values of ¢y
varying between 0 and 10 and shows that the optimal direct tax rate is 0.36 (that is,
B) when ¢y = 0. For 0 < ¢y < 2, equation (21) yields a single value of 73, while for

5From (6), it is possible to have ¢y > 2 with direct tax revenues remaining positive, given that
73 € (0,1).
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@y > 2 there can now be two equilibria, in line with the above reasoning. In addition,
it is clear in both the cases of single and multiple equilibria that as ¢y increases, 73

declines, thereby illustrating the negative association between the two.

5 Endogenous Inefficiency in Collection Costs

We now consider the case where collection costs are endogenous, in the sense that the
inefficiency parameters ¢, and ¢y depend on the amount of resources spent by the
government on administration, G 4, in order to improve tax collection (through better
monitoring of taxpayers, for instance), relative to the base of each tax. In general, it
is plausible to assume that this relationship is convex, which would reflect increasing
marginal benefits of improved efficiency; for tractability, however, we will take it to
be linear. In addition, the linear relationship allows a direct comparison with the

benchmark case of exogenous inefficiency in tax collection. Formally, therefore

¢Y = ¢Yo - wY;GAa (22)
1—¢e)G
¢c = ¢Co - M—Cg)Aa (23)

where ¢qq, ¢y > 0 and € € (0,1). Equations (22) and (23) can be viewed as treating
the inefficiency associated with the collection of taxes (¢ and ¢y ) as an outcome of two
elements, one “cultural” and one policy-related. The cultural part of tax inefficiency is
captured by ¢, and ¢y, and corresponds to what can be described generically as the
tax culture, or the good citizenry of the population with respect to their tax obligations.
If taxpayers are convinced that fulfilling their tax obligations will effectively help to
improve the provision of public goods and services, they may be more enclined to do
so. A good tax culture, or high sense of civic duty with respect to tax obligations, can
be captured by relatively low values of ¢, and ¢y,. By contrast, if taxpayers feel that
the government is not using its tax proceeds properly (due to, say, corrupt activities
or poor allocation of funds), they may be less inclined to fulfill their tax obligations,

by evading tax payments. This can be captured by assuming high values of ¢, and

¢YO’
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The policy-oriented element of expressions (22) and (23) is the amount of expendi-
ture the government allocates toward tax enforcement, G4, and the share of adminis-
trative spending allocated to improving collection of direct versus indirect taxes, € and
1 — e. Thus, the higher the amount of resources spent on tax enforcement (relative to
the base of each tax), the lower the degree of inefficiency. An increase in the parameter
Y, which measures the marginal impact of administrative spending on the degree of
inefficiency, corresponds to an improvement in the tax enforcement technology. In low-
income countries, we would expect ¥y to be relatively low to begin with (a reflection
of poor overall administrative capacity).! A value of ¢, = 0 or G4 = 0 corresponds
to the benchmark case of constant collection costs.

The budget constraint remains (6) and the spending shares are given by (7). Be-
cause administrative spending is a function of overall tax revenues (as defined in (7)),
the specification of the endogenous collection cost functions (22) and (23) depends

directly on both tax rates. Solving the model as before, it can be established that

Y U[;]/Q Pyvo o $co 2\, C o
— = - = - = = 24
K~ (1—05m0,) [ Y 5 Ty + (¢ 2 TC)(Y)} , (24)
and the steady-state growth rate is given by
SUng Pyvo_o bco 2\, C
p— —_— — —_— — —_ —_— 2
TT7Y M= 05m04)0/0 [ YT Ty + (T¢ 9 TC)(Y) e (25)
where 7 is defined as
T = Pyery + ol — )72, (26)

It can be noted that v4 now has a direct positive effect on growth; administrative
spending becomes, in a sense, productive. At the same time, because equation (14)
continues to apply for C'/Y, with the use of Y /K from (24) along the balanced growth
path, v4 also has an indirect effect on growth.!” A condition for positive steady-state

growth emerges as 1 — 0.5mv4 > 0.

16We would also expect 1y to be substantially lower than 1), as a result of the ease with which
consumption taxes can be raised. However, this inequality has no bearing on our results.

"In the working paper version of this article (available upon request), it is shown that, with
endogenous collection costs, an increase in the efficiency of the tax enforcement technology increases
the growth-maximizing share of spending on tax enforcement.
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From (25), (14) and (24), it can be established that the growth-maximizing tax

structure is determined by
M1<7-877-;</;UA7¢Y71/107€) = 07 (27)

M2<T*077;;UA7¢Y71/107€) = 07 (28)

where the functions M;(-) and Ms(-) are defined in the Appendix. In general, these
conditions cannot be solved explicitly for the optimal tax rates. For this reason we
resort to numerical simulations.

Our goal is to examine whether, and to what degree, the policy-oriented element
of expressions (22) and (23) bears an effect on the inefficiency of tax collection, ¢
and ¢y. This amounts to an evaluation of the sensitivity of tax inefficiency to the
share of government revenue toward tax enforcement (v,4) and the effectiveness of
administrative spending (¢;,).'® The calibration uses equations (27) and (28), with the
expressions for C'/Y from (14) and Y /K from (24), to calculate the optimal ratio of
direct to indirect tax revenue for various values of v 4 and 1. This necessitates setting
parameter values not only for 3, p, o, and vy, which are the same as before, but also for
o, Pyo- We use values of ¢pq = 7 and ¢4 = 20 so that when v4 = 0 the benchmark
optimal tax rates are in line with the existing evidence, as documented for instance by
Bird and Zolt (2005) and Gordon and Li (2009). These correspond to 7§ = 0.133 and
7y = 0.039 in tables 1 and 2, and give rise to an optimal tax revenue ratio of 0.390 in
Table 4; these values appear in bold in the tables.

The results of this exercise are reported in Table 5. The first set of results sets v 4 to
a low value (0.01), consistent with the evidence reported in Bird and Zolt (2005), and
uses two values for v, 50 and 200.!° Regarding the magnitude of the simulated effects,
the outcomes do not vary significantly from the benchmark optimal tax revenue ratio
of 0.390, which corresponds to ¢, = 0. The second set of results retains v4 = 0.01

but substantially increases the values for ¥, to 3-10% and 4-10%. An increase in 1, now

18We could also consider how tax inefficiency responds to the allocation of public spending on tax
enforcement between the two taxes (g), but we choose to treat both taxes with an equal weight;
e =0.5.

19 As there is no guidance in the literature on the magnitude of tax enforcement technology, 1, we
experimented with various values, ranging from zero to a few thousands.
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yields more pronounced effects on the optimal ratio of tax revenue. The magnitude
of these changes, however, is relatively small, given the sizeable increase in v,. The
final set of results, restores the lower values of v, but concerns itself with the value
of v required to get findings similar to the second set of outcomes. This requires a
very high value of vy, = 0.2. Put differently, a government would need to spend an
implausibly high share of its revenue toward tax enforcement, in order to observe a
significant change in the optimal tax revenue ratio.?’

Regarding the direction of the effects illustrated in Table 5, these accord well with
intuition. Across the rows (columns) of the table, an improvement in the marginal
efficiency with which indirect (direct) taxes are collected always reduces (increases)
the optimal tax revenue ratio, because the cost of collecting indirect (direct) taxes
declines. Therefore, it becomes more efficient to collect the type of tax for which the
enforcement technology improves.

In general, these findings support the argument that tax culture plays a far more
important role on the degree of (in)efficiency with which taxes are collected, com-
pared to policies that attempt to improve tax collection by spending directly on tax
administration—through enhanced auditing procedures and prosecution of offenders.
If policies could instead target directly improvements in tax culture, and lead to an
improved sense of civic duty, then results could be more pronounced. Such policies
could include improving transparency in tax collection and government spending (by
putting on government websites lists of tax offenders, terms of procurement contracts,
and using medias to provide concrete details about the execution and efficiency of

government projects, and so on).

6 Concluding Remarks

The purpose of this paper has been to analyze, in a growth context, the optimal setting

of indirect (consumption) taxes and direct (income) taxes in the presence of collection

20Note that the increase in v4 is assumed to be financed by a cut in a category of government
spending that has no output-enhancing effects. In terms of our model, this means that an increase in
v 4 is not funded by an equivalent decrease in vg. Otherwise, if public services are highly productive
(that is, if « is high), a shift in spending toward tax administration would also have a large, adverse
effect on growth, as illustrated in a related context by Agénor and Neanidis (2011).
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costs. To do so we considered a model that accounts for productivity-enhancing pub-
lic services. The first part presented the basic framework, with exogenous collection
costs. With constant inefficiency, it was shown that the growth-maximizing tax rate
on consumption is inversely related to the “own” degree of inefficiency associated with
tax collection. This is in contrast with most of the existing literature on taxation and
growth,which is able to justify a distortionary consumption tax only when (raw) labor
supply is endogenous, but in line with microeconomic and partial equilibrium results.
The growth-maximizing direct tax rate was shown to be negatively (positively) related
to the collection cost on direct (indirect) taxes. However, in this case multiple solutions
may arise. More importantly, the results also imply that the optimal direct-indirect
tax revenue ratio is negatively related to the administrative costs of tax collection, as
documented in cross-country data.

We next considered the case of endogenous inefficiency, by defining a tax enforce-
ment technology that relates government spending (measured in proportion of the
relevant tax base) and the degree of inefficiency in collecting taxes. In general, it is not
possible to derive unambiguous analytical results; we therefore resorted to numerical
analysis. Our results show that for changes in administrative spending on tax enforce-
ment to generate significant effects on tax collection costs, they require implausibly
high degrees of efficiency in spending, or the allocation of a large fraction of resources
to tax enforcement. Moreover, if the latter policy is financed by a cut in produc-
tive spending, it may entail adverse effects on growth. Improving “tax culture” and
the sense of civic duty through greater budgetary transparency may thus be a more
effective policy to improve tax collection and promote growth.

The analysis presented in this paper can be extended in several directions. First, the
model can be extended to focus not only on the issue of indirect versus direct taxation
but also, within direct taxation, on taxation of wages and capital income. This issue
has received considerable attention in the growth literature. In neoclassical models
with exogenous growth for instance, a key result is the Chamley-Judd proposition,
according to which in the long run zero taxation of capital income and positive taxation

1'21

of labor income is optima The main argument is that capital income taxation

21See Judd (1985) and Chamley (1986). Chari and Kehoe (1999) provide an overview of research
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lowers the private return to capital, and hence discourages savings, investment, and
economic growth. By contrast, in models of endogenous growth where externalities
are generated through the accumulation of physical or human capital (see Pecorino
(1993), Corsetti and Roubini (1996), Ortigueira (1998), and Milesi-Ferretti and Roubini
(1998a, 1998b)), a common result is that labor income taxation may discourage the
accumulation of human capital—in a manner similar to the negative effect of capital
income taxation on savings and investment—thereby reducing the growth rate in the
long term.?? Hence, zero taxation of labor is also optimal. Examining these issues
in a model with public goods and non zero collection costs, as was done here, would
shed additional light on these issues. Indeed, the introduction of collection costs may
help to explain why, as documented by Gordon and Li (2009), industrial countries
raise about five times as much from personal income taxes than from corporate income
taxes, whereas their relative importance is roughly the same in developing countries.
Second, our model could be extended to account for compliance costs incurred
by private agents (such as costs associated with collecting and transmitting the data
required by the tax agency) and tax evasion. As shown by Kaplow (1990), it may be
optimal to allocate at least some fraction of government revenues to tax enforcement,
despite the fact that this entails direct resource costs, instead of raising tax rates.
However, greater enforcement itself may increase distortions; it may lead the private
sector to devote more resources to either comply with the legislation or avoid getting
caught. As pointed out by Bird and Zolt (2005, p. 936), tax systems in developing
countries typically impose large compliance costs on taxpayers, over and above the costs
of actually paying taxes. Some studies have found that, on average, compliance costs

in these countries may be up to four or five times larger than the direct administrative

on the issue of capital taxation. The Chamley-Judd result is derived under the assumption that
households can fully insure against idiosyncratic risk. Some contributions have shown that if, by
contrast, idiosyncratic risk is not insurable, positive capital taxation may be optimal. Even if insurance
markets are complete, or equivalently households face no idiosyncratic risk, financial market frictions
(in the form of borrowing constraints) may make the taxation of capital income desirable.

22This result hinges upon the assumption that the accumulation of human capital requires the use
of both human and physical capital. As the analysis in Milesi-Ferretti and Roubini (1998a, 1998b)
indicates, the growth implications of factor income taxation in this type of models is sensitive to the
technology in the human capital producing sector. If human capital is not a reproducible factor in
production, the optimal tax on labor income may be zero.
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costs incurred by governments.”® Tax evasion is also an endemic problem in many
countries. In an early, partial equilibrium contribution, Boadway, Marchand, and
Pestieau (1994) found that if different taxes have different evasion characteristics, an
optimal tax mix emerges naturally. In one of the few contributions (in a growth context)
to this issue, Chen (2003) found that the equilibrium (uniform) tax rate is higher and
the growth rate smaller in an economy with tax evasion, compared to an otherwise
identical economy without tax evasion. A fruitful area of research that would combine
Chen’s analysis and the specification adopted in the present contribution would be
to study the optimal allocation of administrative spending (the parameter ¢ in (22)
and (23)) between improving collection of direct and indirect taxes, assuming different
abilities to evade the two categories of taxes. Such analysis would also need to take
into account the fact that a key difference between tax evasion and collection costs is
that although they both reduce government revenues, the former does not necessarily

entail a net resource loss for the economy.

23This is also an important issue for industrial countries. For the United States, for instance, De
Fiore (2000, p. 28) estimates that in the late 1990s collection costs accounted for 0.6 percent of
revenues, whereas compliance costs amounted to 9.1 percent.
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Appendix
(Not necessarily for publication)

In Proposition 1, the optimality condition with respect to 7,

% (rg ) + e 1= 0, (A1)
can be rewritten as 0.5(75)? + 76 — 1/¢o = 0. The discriminant of this quadratic
equation is 1+2/dc; the two solutions are therefore —14(1+2/¢.)'/2. One solution is
always negative; to obtain a positive solution requires (1+2/¢~) > 1, so that 2/¢- > 0,
which implies ¢ > 0. In order to get a value of 7, < 1, we need —1+(14+2/¢)"/% < 1,
or 1 4+2/¢n < 4, so that, we need ¢ > 2/3. Finally, if ¢ — oo, 75 = 0.

The optimality condition with respect to 73 in Proposition 1 is

i [1- 0 5y + o] + o - Sy (g) -5 (&)

To determine the steady-state impact of the inefficiencies in collecting taxes on the
growth-maximizing tax rates, equations (A1) and A2) can be manipulated to yield

e L= e e e ) 3
where
bii = ¢cTo + ¢ > 0,
b1 =0,
e =—(TL ) <o,
b1y =0,




Using equation (14), one can show that

9000000 0 C

873()7) < O,%(?) <0, 8¢C()7) >0, agby( —) > 0.
Substituting the expressions of these partial derivatives into bo;, 1 = 1 — 4, we get
ba1 =0,
bas > 0,

while a sufficient condition for by > 0 and byy < 0 is that
Ty < ——.

Under these restrictions, solving the system of equations (A3) yields, noting that
b11b2a — b12ba1 = b11b22 > 0,

dT*c _ bi3baa — b12ba3 _ bﬁ <0
dpc biibay — bizbar b ’
drg . b14baz — b12bay .
dpy  biiba — biobyr
de/ _ b11b2g — b14boy _ % <0
doy  biibay — biabar Doy ’
dry o b11b23 — b13ba - bﬁ
dde — briboe — bisbar  bao
These results are used to establish Corollaries 1.1 and 1.2.
Consider now the case of endogenous inefficiency. The optimality conditions under
growth maximization are given by

0,

> 0.

Uch(l B 8)7—0 _ (A4)

1—0.5mv4
B [1 = boomo(1+ 0.57) 155
Ty — 0.5y o(13)2 + [T — 05600 (16)2] (C/Y)
VAYYETY
Yo'y _ A
1— 0.57TUA ( 5)
1 Q 76— 0-562500(7'2*)2] (10_/:2 — (1= ¢yo7y)

T=75 8 7 —080yo(ry P + [ — 050ca(72)?] (C/T)
which define the two implicit functions M;(-) and Ms(-) in the text. These expressions
are highly nonlinear, and as a result explicit solutions for the optimal tax rates, and of
their relationship with the marginal impact of administrative spending on the degree
of collection inefficiency, 1,,, cannot be obtained. For this reason, we rely on numerical
simulations, as discussed in the text.
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Table 1
Effect of Consumption Tax Collection Costs
on the Growth-Maximizing Consumption Tax Rate

Dc 1 2 3 4 5 6 7 8 9 10

Te || 0.732 0.414 0.291 0.224 0.183 0.154 0.133 0.118 0.105 0.095

Table 2
Effects of Tax Collection Costs

on the Growth-Maximizing Income Tax Rate
Ty ” Pc

5 6 7 8 9 10
5 10.1206 0.1259 0.1300 0.1331 0.1357 0.1378
10 | 0.0685 0.0715 0.0737 0.0755 0.0769 0.0781
oy || 20 | 0.0363 0.0379 0.0390 0.0399 0.0407 0.0413
30 | 0.0246 0.0257 0.0265 0.0271 0.0276 0.0280
40 | 0.0186 0.0194 0.0200 0.0205 0.0208 0.0211
50 | 0.0150 0.0156 0.0161 0.0164 0.0167 0.0170

Table 3
Effects of Tax Collection Costs
on the Growth-Maximizing Ratio of Direct-to-Indirect Tax Rates
Ty /7¢ | bc
5 6 7 8 9 10
5 10.658 0.813 0970 1.127 1.285 1.443
101 0.373 0462 0.550 0.639 0.728 0.818
Oy 201 0.198 0.244 0.291 0.338 0.385 0.432
30 10.134 0.166 0.198 0.229 0.261 0.293
40 | 0.102 0.125 0.149 0.173 0.197 0.222
50 | 0.082 0.101 0.120 0.139 0.159 0.178

Table 4
Effects of Tax Collection Costs
on Growth-Maximizing Ratio of Direct-to-Indirect Tax Revenue

= )2y 5
okt w20 ‘
5 6 7 8 9 10

5 | 1174 1409 1.643 1.872 2104 2.334
10 1 0.587 0.698 0.808 0.916 1.024 1.131
Oy 201 0.289 0.342 0.390 0.444 0495 0.545
30 1 0.191 0.226 0.259 0.292 0.325 0.358
4010.143 0.168 0.193 0.218 0.242 0.265
501 0.114 0.134 0.154 0.173 0.192 0.211
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Table

5

Effects of Decreasing Tax Collection Costs
on Growth-Maximizing Ratio of Direct-to-Indirect Tax Revenue

i G T b —0.01 —0.01 — 0.2
7—’5_%(7-*6')2 O va =Y. va = U vy = 0.
| e [ e | e
50 200 3.10° 4.10° 50 200
by 50 [0.3034 0.3398 | 3-10° [0.3300 0.1861 ] 50 [0.3781 0.1847
200 | 0.3947 0.3911 | 4-10° | 0.3404 0.1871 || 200 | 0.4073 0.1871
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Figure 1
Ratio of Direct to Indirect Tax Revenue against Administrative
Cost of Tax Collection
(Cross section of 41 countries, average over 2001-2007)

p =-0.3524

Ratio of direct-to-indirect tax revenue
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taxcostsl

Administrative cost of tax collection

Notes: Direct tax revenue is defined as the revenue from the taxation of personal income
(as percentage of total country tax revenue). Indirect tax revenue is defined as the sum
of domestic value added and excise tax revenue (as percentage of total country tax
revenue). Administrative cost of tax collection is defined as the ratio of the annual costs
of administration incurred by a revenue authority, with the total revenue collected over
the course of a fiscal year, expressed as a percentage or as the cost of collecting 100
units of revenue. The country sample is comprised by 41 OECD and selected non-
OECD countries made available in the OECD documents “Tax Administration in OECD
and Selected Non-OECD Countries: Comparative Information Series” (2004, 2006,
2008). The USA is excluded from the sample as it is the only country from those
surveyed that does not use a form of VAT for indirect taxation, instead relying largely on
retail sales taxes that are administered independently by most states.



Figure 2
Ratio of Direct to Indirect Tax Revenue against Administrative
Cost of Tax Collection
(Cross section of 41 countries, average over 2001-2007)

25

Ratio of direct-to-indirect tax revenue

Administrative cost of tax collection

Notes: As in Table 1. The calibrated values of the model appear in red squares. These
values are generated by varying the inefficiency parameter associated with the collection
of consumption tax rates (¢c) in the range of 3-10 and the inefficiency parameter
associated with the collection of income tax rates (¢y) in the range of 5-50.



Figure 3
Growth-Maximizing Income Tax Rate

with Constant Own Inefficiency Parameter
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Figure 4
Growth-Maximizing Income Tax Rate
for Varying Values of the Own Inefficiency Parameter
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