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Abstract

In this paper we develop a Solow type growth model where firms
produce a single homogenous good using labor, private capital and a
public good - such as highways or sewers. The "amount" of public
good available depends on current government spending and govern-
ment quality, which is the result of the accumulation of public capital.
The government charges distortionary taxes and uses them to provide
the public good and investing in "quality" by accumulating public
capital. We analyze how the composition of government spending be-
tween current expenditures and quality affects the equilibrium level
of income and the growth rate in steady state. We aim to understand
the difference in terms of steady state levels between leviathan, quality
driven or even benevolent governments.
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1 Introduction

Economists have long been preoccupied with the causes and consequences of
the size of government. One of the reasons is surely the little room for ad-
ditional increases in public spending and the need to accommodate demand
by a rise in the efficiency of provision. Since [16], there is a solid perception
of a relationship between per capita income and the share of government
spending in Gross Domestic Product (GDP). [15], for instance, report a rise
in general government spending in OECD countries from 13 to 46 percent of
GDP between 1913 and 1996. In the last two decades, the share of total gov-
ernment spending in GDP has increased by 10 percent in OECD countries,
according to [19], the continuation of a long trend in government growth in
the twentieth century. Given this high weight of government expenditures
on GDP, the emphasis has naturally shifted towards the efficiency of govern-
ment provision. This paper studies precisely the normative issues facing a
government that decides how much to spend and whether and how much to
improve the efficiency of that spending. The investigation in the framework
of an exogenous growth model so that it can be more closely linked with the

existing literature.

There are at least three good reasons to conduct such an exercise. First,
the burgeoning literature on corruption (or ”bureaucracy”) and its deter-
minants and consequences, has put forward interesting models and results.
However, it is still lacking as to the distinction between corruption and gov-
ernment efficiency, especially at the analytical level.? Second, whereas the
micro determinants of government efficiency have been widely studied, at
least since seminal work, more needs to be done at the macroeconomic level.
Thirdly, there is a substantial body of theoretical work on the relationship
between government spending and growth,® but rather less on government
quality and practically nothing on the joint choice of size and quality that

1[11] , for instance, finds evidence that economic growth and private investment are
negatively affected by the extent of corruption

2[14] has shown that the two concepts, though empirically related, are distinct. Kauf-
mann questions how fundamental are ”good governance and controlling corruption” for
development? ”[9].

3See, for instance, [4] and [5].



governments face. After a review of the literature we are left with several
questions, among them a preeminent one: Why are some countries stuck in
a "bad” equilibrium with low growth rates, low level of income and ineffi-
cient governments while others have more efficient governments and wealthier

economies?

Our paper is a contribution to the shortcomings in the literature. It de-
velops a growth model where firms produce a single homogenous good using
labor, private capital and a public good - such as highways or sewers. The
“amount” of public good available depends on current government spending
and government quality, which is the result of the accumulation of public
capital. The government charges distortionary taxes and uses them to pro-
vide the public good and investing in "quality” by accumulating public
capital. We analyze how the composition of government spending between
current expenditures and quality affects the equilibrium level of income and
the growth rate in steady state. As in [7] we are not interested in taking
government decisions as given. Although in the context of a Solow model we
can not analyze decision making we can see the impact of different scenarios
in terms of government options.

The paper is structured as follows. After this introduction, section 2 will
present some empirical evidence concerning the way governments manage
their budgets. In section 3 we outline the model. In section 4 we will drive
the growth rates for the variables of interest. In section 5 we find the steady
state levels and in section 6 we will see how the government can make its
decisions in order to maximize the steady state levels of each of the variables.
In section 7 we will study the stability of equilibrium and in section 8 we
conclude.

2 Empirical Evidence

Countries have had for a long time different perspectives about the role of
governments and in consequence about the way governments should spend
their money. Not only we have countries that devote much of their budget
to some sectors that other countries neglect but also we have countries that



spend a lot on current expenses while others are clearly more concern with
long term investment.

In this section we will try to show that even countries with some resem-
blance in terms of wealth (we will consider only 21 OECD countries) have
considerable different attitudes towards the way they manage their budget.

We will look at three variables: per capita gdp, current expenses (not
including social security expenses), and investment in public capital.

In the tables below we order the countries by decreasing order of each
of these variables and single out the seven most important ones in each

category*.

4The data on GDP was obtained from OECD dataset available online and refers to the
last year available.

The data on Expenditures was obtained from IMF government financial statistics and
referes to the average of the last 10 years.

The data on public capital was obtained from 7?7 and referes to the average of the last
10 years



Table 1 GDPpc Expenditures Capital
Norway 40 533.6 24.58 50.21
United States 37 962.6 15.34 56.87
Ireland 36 701.5 31.94 68.63
Iceland 34 776.2 24.09 51.88
Switzerand 34017.9 11.69 49.92
Netherands 32 610.6 33.38 73.30
Sweden 32 609.6 22.79 4235
Austria 32 049.7 20.67 71.25
Canada 31746.3 14.26 41.66
Denmark 31 468.3 22.71 64.49
Australia 313425 18.45 4893
Finland 31 050.7 21.31 47.97
Belgium 30 463.3 29.79 4313
United Kingdom 30 150.4 26.52 54.39
Japan 28 320.7 13.88 100.79
Germany 28 145.6 15.58 55.25
France 27 338.2 23.90 55.32
Italy 26 473.2 29.31 48.38
Spain 24 164.5 16.99 41.22
Greece 23 955.5 26.01 4941
Portugal 17 754.2 29.33 3340




Table 2 GDPpc Expenditures Capital
Netherands 32 610.6 33.38 73.30
Ireland 36 701.5 31.94 68.63
Belgium 30 463.3 29.79 43.13
Portugal 17 754 .2 29.33 33.40
Italy 26 473.2 29.31 48.38
United Kingdom 30 150.4 26.52 54.39
Greece 23 955.5 26.01 49.41
Norway 40 533.6 24.58 50.21
Iceland 34776.2 24.09 51.88
Erance 27 338.2 23.90 55.32
Sweden 32 609.6 22.79 42.35
Denmark 31 468.3 22.71 64 .49
Finland 31050.7 21.31 47.97
Austria 32049.7 20.67 71.25
Australia 313425 18.45 48.93
Spain 24 164 .5 16.99 41.22
Germany 28 145.6 15.58 55.25
United States 37 962.6 15.34 56.87
Canada 31746.3 14.26 41.66
Japan 28 320.7 13.88 100.79
Switzedand 34 017.9 11.69 49.92




Table 3 GDPpc | Expenditures Capital
Japan 28 320.7 13.88 100.79
Netherands 32610.6 33.38 73.30
Austria 320497 20.67 71.25
Ireland 36 701.5 31.94 68.63
Denmark 31 468.3 22.71 64.49
United States 37 962.6 15.34 56.87
France 27 338.2 23.90 5532
Germany 28 145.6 15.58 55.25
United Kingdom 30 150.4 26.52 54.39
Iceland 34776.2 24.09 51.88
Norway 40 533.6 24 .58 50.21

Switzerdand 34 017.9 11.69 4992
Greece 23 955.5 26.01 4941

Australia 313425 18.45 4893
Italy 26 473.2 29.31 48.38
Finland 31050.7 21.31 4797
Belgium 30 463.3 29.79 4313
Sweden 32 609.6 22.79 4235
Canada 31746.3 14.26 41.66
Spain 24 164.5 16.99 4122

Portugal 17 754.2 29.33 3340

The countries in red are the top seven in terms of GDPpc, the ones shaded
with green are in the top seven with respect to public expenditures and the
underline ones are the ones that invest most in public capital.

In the top seven most in one category and outside in all other categories,

we have:

e High Spender: Belgium, Portugal, Greece and Italy
e High Investors in public capital: Japan, Austria and Denmark

e Wealthier nations: Norway, Iceland and Switzerland

The most balanced countries seem to be the Netherlands and Ireland
(both of them are in the top seven in the three variables) and the
United States that are in the top seven in wealth and public capital.
We can also see that only 6 out of 21 countries are not top seven in



something and only 8 out of 21 are not in the top seven something and
positioned lower than the seventh raking in everything else.

To Help get a clear view of this ranking we can look at the following
charts:
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We can state with confidence that there is very distinct behaviors among
countries. What exactly determines this behaviors? What are the conse-
quences in terms of the way governments work? Do this extreme positions
determine the efficiency or quality of public service? What we intend to do
is to provide the theoretical fundamentals behind some of these questions.

3 The Model

3.1 The Government

In our model the government divides its resources between a productive pub-
lic good, H, - public spending - and investment in public capital, K, which
affects the efficiency of public spending in the future. Public capital is ”trans-

formed” into an indicator of the efficiency of public spending ¢;, or the quality



of government. Thus, quality as the characteristics of capital good, with de-
layed but persistent effects on output. We think this captures the nature
of the quality versus the "size” of government. As [14] demonstrates for a
cross-section of OECD countries, there is a robust positive relationship be-
tween measures of public capital and indicators of the efficiency and quality
of government. This is the relationship we capture here. Relative to pub-
lic spending, the efficiency of public spending takes time to build through
capital accumulation in the public sector.

The following equations describe public spending, public investment and

quality.
H, = 07Y; (1)
Ko+ 0,Ky = (1—6)7Y, 2)
G = (Kg)" (3)

Where H, stands for government spending, which is financed through an
income tax, 7, where income is Y;. A fraction # of tax revenues is used to
finance government spending so that 7 and # are policy decisions. A fraction
1 — 0 of tax revenues finances investment in public capital, which is then
transformed into quality as ¢;. The parameter 1 represents the elasticity
of quality ¢; with respect to K. Introducing this production function for
quality allows for diminishing returns on public capital, corresponding to the
assumption that ¢ < 1. Thus, Y; is the aggregate production of the economy
and ¢, is the depreciation rate of public capital.

Before going any further let’s look a little bit closer to the variables H; and
q;- The first variable can be thought of as the amount of public expenditures
associated with the size of government. In fact the weight of government is
given by 7, the tax rate on income but a fraction 1 — # has only a lagged
effect on productivity through the accumulation of public capital. We can
think of H; = 07Y, as the amount of public spending, which has the same
factor composition as output. As for ¢; , in order to be sustained or increased,
quality requires an investment effort from the government. This layout allows



us to study the impact of different government objective functions, namely
a government that maximizes H; - a leviathan -, and a government that
worries about output per capita and optimizes the size and quality mix, in
other words, 7 and 6.

3.2 Production

There is only one production good, which is also the consumption good. We
define the aggregate production function as follows:

(0% —Q B -
Vi = (K4Li)’ (Hig)™ (@

Where K, stands for private capital and L; represents labor. The first
part of the production function is a Cobb-Douglas production function with
capital and labor as complements, each with diminishing returns on Yt. Pub-
lic spending and its quality matter for production, with the same weight so
that quality ”qualifies” the amount of spending: it is the volume of public
goods times its quality that enters as productive inputs to the private sector.

The private capital law of motion is given by :

Kpy=s(1—7)Y; - 0,K, (5)

where s is the saving rate out of the net income that we consider exogenous
and 9, stands for the depreciation rate of private capital. We assume that s
is constant, even though later its level may become a choice variable for the
private sector. Henceforth we will assume, with no loss of generality, that
the labor force, L, is constant and normalize it to 1:

Y: = (K;é)ﬁ (HtQt)liﬁ (6)

Replacing H; for its expression above we find that:

af 18
Y, =K, (0Tq,) 7 (7)
Finally, replacing quality, ¢, for its expression above:

1-8

v = K5, (0mK) 7 (8)

10



and we are left with a production function in where income depends only
on private and public capital.

4 Growth Rates

4.1 Private Capital

We have already defined the law of motion for private capital in (5):

K,=5s(1—-71)Y;—0,Ku 9)
And conclude that:
K ~
=2 = 5(1-r)KS (0rKL)F — 6, (10)
K,

so that the growth rate of private capital depends on its level, on the
saving rate net of taxes and on the level of public capital.

4.2 Public Capital

We have defined the accumulation of public capital in (2):

Kg = (1 — Q)Tyt — (Sgth (11)

Which, through appropriate transformation, gives us:

K g w08y
K_gt =(1-0)71K,(0r) 7 K, ° — 0y (12)
g

Similar to what we had on (10) we have that the growth rate of public
capital depends on its own level and on the level of private capital.

11



5 The steady state

In the steady state we must have K g = K » = 0. Assuming that ¢, =, = ¢,
i.e., the nature of public and private capital is similar as far as depreciation,

we can rewrite the above equations:

s(1— T)K;_l(QTK;/;)% =4
1 =B (13)
(1-0)7TKy0r)7 K, "~ =0

Which in turn leads us to the following steady state ratio:

Ky  s(1—1)
Ky S (1-0)r (14)

Some basic conclusions can be drawn from the relation described in (14):

If the private saving rate increases, this ratio will also increase so that
there will be relatively more private capital. This seem intuitive given the
positive relation between private capital accumulation and the saving rate.
On the other hand, if the percentage of public resources that are directed
towards the accumulation of public capital (which we can call public sav-
ing rate), (1 — @) , increase, the ratio of private to public capital decreases.
Lastly, if the tax rate increases the ratio of private to public capital decreases.
This is due to two different reasons. First, if the tax rate increases then the
income available to the private sector decreases which causes a slower accu-
mulation of private capital (for a constant saving rate). Secondly, if the tax
rate increases then there will be more available resources to the public sector
which allows a greater investment on public capital, for given 6.

Using data from [8] and from de World Development Indicators 2004
we estimated 14. We used OLS estimation with a pooled data set of 536
observations.” The following regression® allows us to confirm that private
saving rate has a positive effect on the ratio of private to public capital, the
public saving rate has a negative impact on the same ratio and the ratio of

We used 21 OECD countries and the maximum number of years available between
1972 and 2000.

6t-stat between brackets

12



taxes (=T) has a positive effect on the amount of private capital (as we could
already guess from 14).

K 1—
In (—pt) — (0.238 Ins+ 0.231 1n<

Ky 7.661913) (8.656481) T

T) —0.10561n (1 — 6)  (15)
(—4.529)

We will now solve for the steady state level of the main variables so
that we can investigate the relation between those variables and the policy

variables.

5.1 Private Capital

We have already seen that:
s(1 - 7)Ke Y (0rKY)F =6 (16)

replacing K, using the relation given by (14), and solving for K, we are
left with:

A-BY140) (1 _ 91P(-B) (1 — 7)|F—¥(-B) g1=8) | FO=ar7T=)
K3 = {T 1-96) 5[58( 7)] a7

Some conclusions can now be drawn from the above equation concerning
the relation between the model parameters, the policy variables and private
capital .

The depreciation rate should have a negative impact on the steady state
Ok’ < 0. This implies that:

o)
8
Bi—a) o5 =" (18)

level of private capital so that

This ratio will be zero only in the case where § = 0. This would mean
that the private inputs have no relevance to production whatsoever, which is
rightly excluded here. This leads to the requirement that:

13



Al —a)=v(1-p)>0 (19)

or 1
o+ @/J%ﬁ <1 (20)

In other words, we need diminishing returns on private and public capital
together.

On the other hand the private saving rate should have - up to a given
point - a positive effect on the equilibrium level of k;°:

Oky? B—v(—-p)

—— >0 <= >0 21

o 51—a) - (1 B) 2
this partial derivative will be zero if ) = % meaning that changes in the

saving rate will have no impact on the steady state level of private capital.
We exclude this hypothesis here and we are left with two possibilities: an
increase in the saving rate leads to a decrease in the equilibrium level of K*
or to an increase in the same variable. The last option seems more reasonable

and, under (21), implies that:

B—v(1-5)>0 (22)

or

B>l - p) (23)

that is, on the margin private capital is "more productive” than public
capital.

5.2 Income

Making use of (8), (14) and finally of (17) we can, after some algebra, present
the steady state level of per capita output as:

1
Ny T(lfﬁ)(lﬂp)(l _ 9)1/1(175) [s(1 — T)]aﬁ g(1=p) | PO-a)—v(=7)
U= §oB+(1-p) (24)

14



5.3 Consumption
Using the expression for consumption
C¥=(1-71)(1—-s5)Y* (25)

where C*® stands for steady state level of consumption, we can replace Y;

using equation (24) and we obtain:

1-B)(1+9) (1 — g)¥(1-B)gaB (1 — 7)8—¢(1-B)p(1=5) )
O (1 g [ = 00— et
s+ (1-p)
(26)
5.4 Quality
Making use of relation (3) and (14) we can write the following:
(1—6)r, 1Y
S8 — k:SS 2
a [3(1 —7) 7 (27)

and replacing K* by (17) we get:

1
» Tw(l—ﬁa)g(lfﬁ)w(l — )W) [5(1 — T)]ﬁaw pll—a)=p(1-F)
q = { 5511, (28)

5.5 Public Good

Using the relation between income and the amount of public good provided,

we have:

H* = OrH* <— (29)
o Tﬁ(lfa)Jrlfﬁ(l . 0)’[/)(1713) [3(1 . T)]aﬁ gﬁ(lfa)+(lfﬁ)(1fw) B(Fa)iw(lfﬁ)

o™ = SBTH) (30)

15



6 Government Decisions

In the previous section we have presented the steady state levels for the main
variables in the model. We now turn to the government decisions on the size
of government and the composition of government spending, 7 and 6 the
decisions the government can make in order to maximize this equilibrium

levels.

We will consider alternative scenarios considering the government main

concern.

We will start with a benevolent government, which desires to maximize
steady-state consumption, and later will consider a leviathan government,
which maximizes current spending, and a quality-drive government, which

maximizes the level of quality in steady-state.

6.1 Benevolent Government

In this section we will try and see the choices the government will undertake
if interested in maximizing the steady state level of consumption. In the
appendix we consider briefly the objective of maximizing output.

6.1.1 Consumption

We can take the partial derivative of steady-state consumption, C'*¢, with
respect to # and obtain:
aOSS aySS
= (1-— 1-— 1
= (-n-9L (31)
1

- (32)

This is like a modified golden-rule, which can give us the saving rate that
maximizes steady-state consumption. It is easy to understand that the level
of # that maximizes C*® is exactly the same as the one that maximizes Y **, all
the conclusions are therefore the same. The distribution of public resources

16



between its two possible uses affects the equilibrium level of consumption in
the exact same way it affects the equilibrium level of per capita income (and
consequently of per capita available income).

Now the tax rate that maximizes the steady state level of consumption is
some what different.

aCSS
S =0 = 7=01-8)01+v) (33)
If 0<5<1andifogwg%,then0<r<1. In this case,

the equilibrium level of consumption will be maximized by a tax rate that
depends negatively on the weight of the private sector on the production
function and positively on the marginal productivity of public capital (for a
given ratio of %) As the weight of the private sector increases a benevolent
policy maker will be interested in increasing the available income, and hence
in decreasing the tax rate, in order to increase C'**. On the other hand if
public capital becomes more productive, accumulating it will have a positive
effect on available income (and consequently on consumption) even if it means

taking more resources out of the private sector. If 5 = 0 or if ¢ > £ we

-
would have 7 > 1, this would mean that we would have a negative levﬂel of
consumption which is not possible. If 5 = 1 then 7 = 0, in this case the
public sector would have no relevance in the production function and the
way to maximize C** would be by not taking any resources from the private

sector.

So far we have seen the case of a benevolent policy maker that chooses 6
or 7 in order to maximize the steady state levels of private quantities. What
if the policy maker wanted to maximize its own quantities? The state could
be interested in maximizing the amount of public good rendered or he could
be by nature an investor and hence be interested in maximizing quality.

6.2 Self Interested Government
We now consider a government that is concerned with its own policies, either

a leviathan type that maximizes public consumption or a quality-driven that
maximizes the level of public capital.

17



6.2.1 Government Quality

Let us first consider a quality-driven government and recall equation [28§]
above. We can obtain the maxima for the level of government quality through
the expression, namely

0q°* 1-5

=0 0= 4
BT, T 1 5 (34)
and:
8517 =0 <= 7=1-fa (35)
The product of # and 7, that is, the size of government is given by
Or=1-7 (36)

These results can be read as follows: The percentage of total resources
of the economy that should be devoted to the public sector () in order to
maximize its quality, depends negatively on the weight of the private sector in
the production function () and on the sensitivity of the product to variations
in the private capital (o). As the share of the private sector increases in
the production function (/3) or the marginal productivity of private capital
decreases () the quality-driven government will choose to increase the share
of public resources going into the accumulation of public capital .

6.2.2 Quantity of Public Good

In this section we are interested in the choices of a leviathan government
interested in maximizing the size of the public sector. Taking the partial
derivative of public consumption with respect to #, we find the 6 that maxi-
mizes the steady state quantity of the public good as:

OH> pA—-—a)+ (1 =51 -9

g 0= 0= Bl—a)+1-7

(37)

As we can see when the weight of private capital in the production func-
tion goes to 0 the percentage of public resources devoted to public good in

18



order to maximize the equilibrium value of this public good will go to 1 — 1.,
a value still lower than 1 since the optimal investment in quality is not zero,
even if the objective is to maximize public consumption. The percentage of
public resources that go into the production of public good will only be 1 if
public capital is totally unproductive.

Turning to the tax rate we now have:

OH**
or

We can observe that, if § = 0 we will have 7 = 1. In other words,

=0 <= 17=1-a)+1-=1-pa (38)

if private inputs do not contribute to production then the government will
be interested in taking all the resources from the private sector in order to
maximize the amount of public goods. If 5 = 1, 7 = 1 — «, that is, even
if public inputs are of no interest to production, the policy maker will still
be interested in collecting taxes at a positive rate since its objective is to

maximize public consumption.
7 The Equilibrium Path

Having analyzed the steady state levels for the several variables in the model,
and the government decisions to maximize the different variables, we are now
interested in analyzing the stability of the equilibrium. To do that we will
discuss the phase diagram of the two state variables in the model: private
capital and public capital (presented in Figure 1). Recall equations (10) (12)
and assuming that capital depreciates at the same rate, irrespective of its

private or public nature, we can write:

K, = s(1—)K2(67k)) 5 — K, (39)
and also:
. 1-8 Pp(1-pB)
Ky=(1—0)7K(67)F K, ° — 0K, (40)

Setting both expressions to zero and assuming that expression (20) holds,
we can draw figurel.

The concave line represents K, = 0 and the other line represents K, = 0
. The interception point of the curves gives us the steady state ratio describe

19



Figure 1:

above in (14). If we increase K, from the K ¢ = 0 line - moving to a point
below the curve - this will lead to K, > 0 so that, below K, = 0, K, tends
to increase. On the other hand if we increase k, from the k, = 0 line - go

to a point above this curve - we are left with £, > 0 so that, above K, = 0,

K, will tend to increase. There are four distinct regions in figure 1:

Above both lines - Region A

Between both lines and below K ¢ = 0 - Region B

Below both lines - Region C

Between both lines but above K ¢ = 0 - Region D

Let us now see what can happen if we are located in each of these four
regions. If we are in region A we have K, growing and K, diminishing. One
of three things might happen: we could reach immediately the equilibrium,
we can first reach the line K ¢ = 0 or we can first reach the line K » = 0. In the

first scenario the problem would be automatically solved. In the second one

20



we would be in a situation where K, does not grow and K, is still growing
we would then go to a point inside region B. In the third scenario K, does
not grow but K, is decreasing, we would fall inside region D.

If we start at point in region B we can also reach one of the two lines. If
we reach the line K ¢ = 0 we would be in a situation where K, does not grow
but K, grows. We would be driven towards the interior of region B again
but this time closer to the equilibrium. On the other hand we can fall into
the line K p = 0 first. In this case because K, is not growing but K, is, we
would fall back into region B but once again closer to the equilibrium. This
situation would repeat itself until we reach the interception point.

If we start at a point located at region D and reach the line K g = 0 we
will fall back inside region D because K, will not grow and K, will decrease.

If we reach K » = 0 then, because K, is decreasing and K, is not growing,
we will go back to region D. In both cases we are again inside region D but
we are one step closer to the equilibrium and sooner or later we will reach it.

The last hypothesis is to be start from a point in region C. Once again
we can reach each of the lines. If we reach K ¢ = 0 and because K, is now
decreasing we will get inside region D leading us to the equilibrium. If we
reach K » = 0 we know that K, is not growing but K, is. This will lead us
to a point inside region B. Once inside region B we will eventually reach the
equilibrium point.

We can conclude that independently of the starting point we will follow
a path to equilibrium.

8 Conclusions

In this paper we present a model where the government is a decision maker
and public spending contributes to production through current public spend-
ing that enhances government quality, a function of public capital and thus of
public investment. Per capita output depends on private capital and public
capital per capita. We assume diminishing returns on both types of capital

and draw several conclusions.
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There is a stable steady state level of public and private capital that does
not depend on the starting levels. In equilibrium the ratio of private capital to
public capital will be a decreasing function of the tax rate and an increasing
function of the percentage of resources devoted to current expenses.

In equilibrium income per capita has an inverted U-curve relationship
with the tax rate (which is consistent with the findings of [3]). The level of
the tax rate that maximizes the steady state level of per capita income is
a negative function of o and of # and a positive function of ¥. « gives us
the elasticity of production in respect to per capita private capital so that,
if income is more sensitive to variations in per capita private capital, an
increase in the tax rate will have a strong negative impact on output because
it will diminish private capital. The relationship with ( is explained in the
same manner as this parameter represents the weight of the private sector
in the production function. v is a measure of the sensitivity of government
quality to public capital. If government quality is quite sensitive then a small
increase of public capital could have a strong impact on quality and hence
on production so it is reasonable that the tax rate that maximizes income
per capita should be a positive function on this parameter.

In equilibrium income has an inverted U-curve relationship with the
public expenses composition. There is an optimal level of resources devoted
to current expenses. This optimum level depends only on the elasticity of
quality in respect to public capital. If quality is inelastic then level of # that
maximizes the equilibrium per capita income will be larger than in the case
of a more elastic quality production function. It is interesting to see that the
steady state level of quality also has an inverted U-curve relationship with
both 6 and 7.
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Appendix A - A Benevolent Government That Mazimizes Steady-
state Output

Here we consider a government that, as an alternative to maximizing
private consumption, maximizes steady-state output, y;. The levels of # and

of 7 that maximize per capita income are obtained from:

oy* 1

=0 <<= 0=—-— Al
ol 14+ (A1)
with respect to the composition of government spending, which is equiv-
alent to
Y
1-0)=—— A2
(1-6)=11s (42
and
dy* (1-8)A+1)
=0 << 7= A3
or T+ (1-p)(1+0) (43)

with respect to the tax rate.

We are now able to draw some conclusions. The percentage of public
resources devoted public capital accumulation, (1 — @), that maximizes the
steady state level of output is an increasing function of ,the elasticity of
quality with respect to public capital. This makes perfect sense: the more
sensitive quality is to increases in the amount of public capital, the larger
should be the amount of resources allocated to investment in public capital.

As to level of the tax rate, we can check that 7 = 0if 5 = 1. In
other words, if only private capital matters for production, there is no point
in taking resources from the private to the public sector. On the other
extreme, if § = 0 then 7 = 1, meaning that if the production function
depends only on the public sector then the government will want to collect
as much resources as possible. As 3 increases from 0 to 1, 7 will go from 1 to 0.
The higher the weight of private inputs in the production function, the fewer
the resources transferred from the private sector if the aim is maximizing
the steady-state level of per capita income. In addition, the tax rate that
maximizes the equilibrium level of per capita output is a decreasing function
of a. As the marginal product of private capital increases, the optimal tax

25



rate will decrease. The optimal tax rate is a positive function of ¢since, as the
elasticity of quality with respect to public capital increases, the steady-state
output level is maximized at higher tax rates.
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