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The imperdtive of the State, irrepective of its organization, is to provide law and order,
contract enforcement, and property rights. All of the goods and services provided by
government, from aleviation of market falures to the enforcement of standards, fal into
these three broads categories. The government provides the foundation for markets to
function and for society to prosper. A common thread in any government is thet, for a given
society, the state holds a monopoly over its services. The fact that there is no competition in
the provison of most state services breeds its own type of inefficiency that in most societies
is typicdly accepted, if not actudly expected, by the private sector. The following paper
consders the broad implications of the state's monopoly over its services on growth and
productivity.

Although the government is generdly the sole provider of its services, it does not
behave like a traditiona monopolist. The goods and services provided by the public sector
are various and not dways clearly defined. Furthermore, the ability of the government to
centrdly coordinate its services bresks down as one moves from mandate to actud
provison.

The centrd theme in this paper is that the government actualy provides its services
through a network of decentralized sdlf-seeking agents. Government employees, i.e. public
agents, each have a degree of power over some aspect of what the state provides. As a
result, the provison of public services, at the most basic levd, is carried out by individuals
who find themsdlves in positions of power and, bowing to incentives, consequently maximize

their respective wefare functions.



An important distinction is between publicly produced goods and pure public
goods." | assume that pure public goods are a subset of publicly produced goods. Non-riva
and nor+exclusive goods production fals into the state's categorical role of property rights
delimitation. In fact, many publicly produced services such as law and order as well as
contract enforcement, are to a large degree quite riva and exclusve. Even infrastructure,
such as transportation and communication, is not redly a pure public goods due to being
subject to user fees. Therefore, the Samuelson (1954) condition over optimal provison of
pure public goods is limited to a subset and does not adequately describe the state's
broader control over law and order, property rights, and contract enforcement.

Thereis arich literature on decentrdization of governance, most often referred to as
“fiscal federdism.” In generd, the concern is the manner in which public goods are
dissaminated across society and the efficiency aspects of authority in the hands of local
government versus centrd government. Mogt authors analyze fiscal federdism as an
dternative mechanism to provide efficient provison of public goods and the preservation of
market incentives® A review of the issues with particular regard to developing countries
appearsin Bardham (2002).

The contribution of this paper, digtinct from previous work, is my regard for the
representative government agent, who exists irrespective of sructural organization of the
date, in the context of a generalized macroeconomic modd. | liken the representative public
agent to aloca monopolist who is able to exploit her market power due to alack of proper

accountability. Her incentives exist irrepective of the degree of fiscal federdism within her

! Throughout the paper, | use arather loose definition of public goods. By public goods, | really mean
publicly provided goods, services, and infrastructure.



society. Although severd authors have explored aspects of accountability and fiscal
federdism,® none have considered the more general macroeconomic implications of
decentraization of public authority amongst the agents of the government.

Theimplications of the principal agent problem that stems from decentraized control
over government services by agents are great. Policy makers, especialy those in developing
countries, are keenly aware their importance. The impact of decentrdization on development
is most readily gpparent in large developing countries such as Brazil, India, Indonesia, and
China. In such places, neither the central nor the loca government is capable of exercisng
the optima degree of control over its representatives. Public agents may act unilaterdly or
could be subject to capture by dlites, as suggested by Bardhan and Mooherjee (2001).
Although specific reasons for this lack of control vary from country to country, some
generdizations may be made. Government agents expect to persondly profit from their
pogitions in the public sector. It is one of the main incentives to seek public employment.
Furthermore, the generd population may expect a certain degree of dishonesty or corruption
of public servants. In many places, there exist long and rich histories of public sector
corruption. Its existence is treated as afact of life that all must be resigned to endure.”

Every sngle ement that makes up the macroeconomy, irrespective of itsrole, may

be classfied as either a public or a private asset. This important accounting fact dlows usto

% For example, see Qian and Weingast (1997). Fiscal federalism in the United Statesis considered in the
four papers that comprise the “ Symposium on Fiscal Federalism” which appearsin the JEL, Autumn
1997.

¥ Most notably Seabright (1996) discusses political accountability in atheoretical model with central and
locally elected officials competing over control rights. Other papers addressing different dimensions of
this principal-agent problem include Besley and Case (1995), Beasley and Coate (1999) and Tommasi and
Weinschelbaum (1999).

* For example, in the Middle East, payment of Baksheesh is part of the expected protocol when dealing
with apublic official. Similarly in Paraguay, where cronyism and corruption were institutionalised during
a 35 dictatorship, private citizens expect to pay speed money, known there ascoima, for anything from



classfy each and every good or service avalable to society by its state of nature. The
importance of the accounting congtraint that governs both labor and capital justifies the
explicit consderation of an aggregate private sector production function versus an aggregate
public sector production function.

The difference in market organization between the public and private sectors
combined with the binding accounting condtraint over dl resources are of the utmost
importance to understanding the equilibrium price and quantity of Iabor, capita, public
goods and private goods. The overwheming mgority of research on the role of public
infrastructure within an aggregate production function framework assumes that public capita
is an unpad input to production. Mogt authors assume that public capitd is trividly
produced from tax revenue. This wholly inadequate convention conveniently sdesteps the
issue of a public sector production function as well as any issues relating to the resource
accounting congtraint while maintaining the red cog, in taxes, of public goods and services.
Furthermore, the trividizing assumption that G =t'Y does not account for the significant
labor and capital inputs in public sector production.

This paper presents an dternative methodology to moddling the state's role as the
producer of public infrastructure within the context of an aggregate production function thet
explicitly consders the government’s natural monopoly as well as the generd equilibrium
congiraint on resources. The basic framework iswell documented in both the theoretica and
aoplied literatures on public capita. One of the smplest trestments of public goods from

growth theory is Barro (1990).° Papers that estimate the return to public infrastructure within

phone service to passports. Examplesin the literature that document this phenomenon include Geddes
and Neto (1992), Barreto (1996), and Crook and Manor (1998).

® Other papers that explicitly consider infrastructurein the context of an endogenous growth model
include Barreto (2000), Dasgupta (1999), Turnofsky (1996), and Futagami, Morita, & Shibata (1995).



an aggregate production function generaly follow Aschauer (1989,1990).° A common
assumption adopted to capture non-exclusvity, which is shared by al of the theoreticd
modds that underlie this research, is that public capital is an unpaid input within the
production process. In other words, the cost function faced by firms resembles the

following, Y (K,L,G) = P;G+wL +rK =wL +rK where P; =0 and dl public services,

G, are pad for by tax revenues. This framework fails to account for ether the inherent
difference in market structure between the public sector and the private sector or the public-
private accounting constraint over resources.

| condder an aggregate production function where public infrastructure is a
productive input dong with private capitd and labor. Although subsidized by tax revenues,
public goods must till be explicitly paid for via wser fees,” such that the demand for public
goods is downward doping.® But unlike capitd and labor, which by assumption, are
provided competitively, government services are sold a an endogenoudy determined
premium. The premium is a function of the tax rate, the margind product of public capita
and the margind product of private capital.

Previous econometric studies generdly regress output on total capitd, tota labor,

and totd government to yield a higher than expected estimates of public infrastructure

® Other notable papers that estimate the positive impact of public capital include Morrison and Schwartz
(1996), Nadiri and Mamuneas (1994), Berndt and Hansson (1992), Lynde and Richmond (1992), and
Munnell (1990). However, papers that find a negligible impact of public capital include Holtz-Eakin
(1994), Garcia-Milaand McGuire (1992), and Hulten and Schwab (1984, 1991).

" User fees for public services are described analytically by Samuelson (1954). More recent examples
include Barreto (2000) in the context of an endogenous growth model with corruption and Bardhan and
Mookherjee (2001) in the context of fiscal federalism within developing countries.

® Dasgupta (1999) considers non-rival infrastructure inputs that are also purchased by the private
sector. Similar to the approach taken here, the price of infrastructure is determined by equating the
supply by the government to the demand by the private sector.



productivity. By not explicitly conddering the accounting condrant, the relative sze of
government is smaller and its estimated productivity is consequently higher.®

The paper is organized as follows. Section 2 describes the theoretical framework
that describes the alocation of labor and capitd across the public and private sectors. The
resulting dlocations determine the price and quantity of provison of public goods. Section 3
estimates the productivity of capitd, labor, and public infrastructure within the context of the
adlocative framework. The results, exclusve to OECD countries, suggest the relatively high
productivity of public labor and of private capita. Section 4 consders the modd in the
purely theoretical context of endogenous growth. The decentralized agent model predicts
that the Steady State effective capital-labor retio is much grester than traditiona growth
models that account for a public sector might predict. Section 5 presents some concluding

remarks.

2. TheModel

| consider an aggregate production function modd where the state is an intermediate
factor of production which not only requires red resources but is dso administered by sdif-
seeking, dbeit decentralized, public agents. The representative firm pays user fees in
addition to income taxes to the government in return for service. The user feg, i.e. the price
of government sarvices, has a limit of zero as the tax rate approaches its optimum. In other

words, a society with perfect information could set taxes exactly right such that the user fee

° Estimates vary widely from very high to low to insignificant. Aschauer (1989, 1990) estimates values
for b from .38 to .56. Subsequent literature pushed this estimate down to something closer to .30. The
lowest estimate belong to Eberts (1990), who found b to be .03.



for public goods is truly zero™ and consequently the model collapses to the more traditiondl
treatment of public goods within the private production process. In practice therefore, the
second best outcome implies the user fees for public goods must be positive.

Aslong as user fees are positive, the representative private agent faces a downward
doping demand for public goods. The demand for a service is unaffected by the good's
nature in terms of its non-rivary. On the other hand, the quantity demanded certainly
changes in reaction to the supply of the good, which of course is a function of the good's
nature and the tax rate. Previous work in the corruption literature that assumes a downward
doping demand for public goods includes Schliefer and Vishny (1990), Barreto (2000), and
Bardhan and M ookherjee (2001).

In a perfect world, the sdfless government employs labor and capitd a ther
competitive rates as well as collects taxes in order to provide society with its services as
efficiently as possble. Optima provison of any norma good, such as G, from the theoretical
point of view, is equivdent to the perfectly competitive equilibrium. We may therefore
congder a government that employs resources to produce an intermediate good where
deviation from the perfect competition benchmark represents alocetive inefficiency.

Irrespective of whether one beieves in the vdidity of the aggregate production
function, it has severa unequivocally useful gpplications™ Modern macroeconomic growth
theory, on the other hand, is largely based the use of aggregate production functions that are

conceptudly derived from microeconomic foundations. Theoretical research that follows

° Thisis the market solutionto the principal agent problem between agents. AsPg approaches zero, so
do the monopoly rents available to the public agent.

™ Criticisms of the APF generally follow Fisher (1965, 1969, 1971, 1983) who developed a set of
theoretical conditions that are so rigid that successful aggregation, asimplied by the APF framework, is
all but impossible. Fisher’ s criticism, if taken to heart, completely discounts the use of the aggregate
production function in order to estimate the productivity of infrastructure. See Felipe (2001).



Ramsey (1928), Cass (1965), Koopmans (1965) and later Lucas (1988), implicitly adopts
Samudson's (1962) view that the aggregate production function is a useful parable to
illustrate important facets about the production process and the consequent growth of output
per cepita | adopt this latter view. Although | estimate the modd given its aggregate
production function framework, 1 make no clam about the modds vdidity for estimation
purposes.’?

| consder the two sectors, public and private, separately. Given the non-trivid
accounting congtraint, the two sectors compete over both labor and capita. The inherent
difference in market sructures between sectors judtifies the explicit consderation of the
equilibrium wage and rental rate as the result of competition between the two separate
aggregate production processes. Therefore, the model may be expressed generdly as
follows.

Y=F(K,L,,G) ad G=H(Kg,Lgt)
subject to
K =K, +K, ad L=1L+L

Suppose that the public production function, which requires both capital and labor,
produces public infragtructure. The private production function, which requires capitd,
labor, and public infrastructure, produces consumable goods on which al agents within
society, public and private, ultimately depend. The privately employed representative laborer
is paid his margind product according to the demand from the competitive representative

firm and the opportunity cost of private versus public employment. Perfect mobility of

2 The econometric exercise found herein compares the results from this specification to those of the
traditional aggregate production function estimations that generally follow Aschauer (1989, 1990).
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resources guarantee the representative public agent is dso paid her margind product, which
must equd the private sector wage.

The government is a monopoly whose sarvices are centrdly mandated while
decentrdly administered by its agents. The relationship between the government and its
agent s governed by the assumption that the public agent can neither directly affect the
margina product of the public good or service, i.e. its price, nor the margina product of her
work effort, i.e. her wage. Instead the user fee for public goods is determined by the
endogenous alocation of labor and capital across the public and private sectors. The second
best resource dlocation is a proxy for the less than optima effort exerted by public agents.

Suppose the private sector produces al of society’s consumable output through a
production function that is homogeneous of degree one in capitd Ky), labor (y), and
infrastructure (G).

Y =F(K,,L,,G)= AK;G"L;*" 2.1)
The centra government collects taxes proportiond to finad production and hands over the
revenue™ T, to its agents who produce and then sdl the public good to the private sector.

The public sector production function is defined as follows.™

G=H(t,KG,LG):C~5(KG,LG)+%
e . th u (22)
o O 2tk (AL
© P, 2(1-t)(b-t)- bt

" Total tax revenue, T = (Y, +rK_ +wL_ )t = Y[t +tb/2(1-t)].

 Taxes lower the marginal cost of government such that lim P, = 0. Furthermore, at the optimal tax

t®b

rateof t* = b the government is perfectly efficient as [imG =t Y and the model collapses to the more

t®b

typical framework where public capital isan unpaid input.
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Both sectors are subject to the accounting congtraints, K =K, +K, and L =L, + L
respectively. The centrd government would prefer its agents work such that G is provided
as efficiently as possble Thus the competitive and therefore optima price of G is
determined by Y =PR,G- wl; - rK; =0. Competitively produced G is the optimum and
thereby serves as a benchmark. The optima tax reate in the above framework is smply

t" =b where !I®T P, =0. In the perfect world benchmark, the eadticity of infrastructure is

exactly known, taxes are st optimdly, and government services, provided at the
competitive equilibrium, are consumed at zero cost.
In an imperfect world, the eagticity of public infrastructure is not exactly known such

that t <b .* Furthermore, if the decentraized public agents accept the vaue of public

capitd as wdl as the wage rae as given, competitive resource markets insure that their
opportunity costs equa the private sector renta rate of capitd and wage respectively.
Therefore, the decentraized public agent maximizes her welfare function given competitive
resource markets. The superscript bar over the variable denotes the public agent’s inability
to directly affect itsvaue.

Y =P.G- wl,- rK. 3 0 (2.3)
=[MPL; - MPL,] L +[MPK; - MPK,|K¢ 3 0
ﬂ = ISGE_ W:ﬂ
e ° I L, (2.4)
= MPL, - MPLy = MPLy

5 |tisimportant to note that the optimal tax rateof t * = b insures that government services are

consumed at zero cost. Thisisbecause limP, = 0 isindependent of how close government
t®b

production can approximate the competitive equilibrium. This corner solution strictly limits
consideration of thetax rateto 0 £t <b .

12



v _si6 _T
> -T=
Ks TKs Ky (2.5)

MPK, - MPKy = MPKy

Notice that the competitive private wage rate, w, is the marginal labor cost to the public
agent. The margind benefit of working in the public sector is the competitive wage plus the
premium available to the public agent. Therefore, resources dlocation is determined by
margind benefit equaizing margind cost. The dlocation rules governing labor and capita

may be defined as follows.®

kG*=KG*= g >2(-a-b)@-t)+b(1-g) K 26)
L* (1-g) 2a (1-t ) +bg L
ky*:KY*: a yz(l-a- b)(l-t)+b(1- g)xﬁ (27)
L* (1-a-b) 2a (1-t)+bg L

It is important to note that equations (2.6) and (2.7) areindeed socidly sub-optima
dlocation dgorithms. One way for the socid planner to overcome the principle agent
problem is to provide public services asif they were competitive. Therefore, the benchmark

rules for optimal resource dlocation are defined as follows.

woK©_ g [(l-a-b)@L-t)+b(1-g) K

e L (1-9) a(l-t)+bg L (8
v KS_ a  (tra-b){-t)+b(i-g) K
< L™ (1-a-b) a(l-t)+bg L (29)

The only difference between the alocation agorithmsis the congtant, 2, that appears
in (2.6) and (2.7) but is asent in (2.8) and (2.9). Therefore, it is possible to andyze

resource dlocation more generdly as folows kg =Ts(a,b,gt,f)% and

1° See Appendix 1 for the derivation.
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ke =0 (a,b,gt,f ) where gy and g are the fixed proportions of capital per unit of
labor and f 3 1 determines the degree of alocative inefficiency due to decentraization.™

| contend that (2.6) and (2.7) represent second best equilibrium alocations resulting
from locd wdfare maximizaion by decentrdized public agents while (2.8) and (2.9)
represent the first best socidly optimum alocations. Figure 1 illustrates the two benchmark
equilibria. Although {Kg,ky}* is the second best eguilibrium dlocation of capitd given
decentrdized agents and {kg,ky}™ is the equilibrium dlocaion of capitd given the
competitive optimum, that is not to say tha other resource alocations may not be
consdered. In fact, one could analyze the implications of any resource dlocation of ky
versus Ke. For example, perfect information as well as complete impunity of public agents
might leads to an dlocation of L™ The problem with L™ is that the public agent effectively
getsalarger dice of asmadler pie. Rdative to her private sector counterpart, the public agent
may be wedthier, but she would ill have been better off in absolute terms a L*.
Irrespective of whether the reader believes that L* isindeed an equilibrium, it is nonetheless
clear that L™ is the best that society can hope to achieve and consequently any movement
away from L™ is sub-optimd.

There are three important observations regarding how the model can and should be
practicaly applied. Firdt, the mode predicts rates of resource usage as a function of the
production eadticities and the tax rate. Along these lines, the model aso predicts that
optima resource usage is defined by Error! Reference source not found. through (2.9)

versus second  best  equilibrium  resource  usage  which  is  defined by

" Any resource allocation may be represented by changing this constant in whichaf =1 yieldsthe
competitive equilibriumandaf = 2 yields the decentralized public agent equilibrium. In Figure 1, any

14



Error! Reference source not found. through (2.7). Therefore, for any reasonable set of

vauesfor a, b, gand t, it isadways the case that z* <z ™ and z * <z ™. Thusthe

further the economy is from optima alocation, the lower is the reative resource usage by
government.*®

The implications of this observetion are rdatively draightforward. One might
hypothesize that industridized countries are closr to L™ than developing ones and
movement away from L™ represents the prevaence of public inefficiency through corruption.
This view that corruption stems from the monopoligtic exploitation of public services is

discussed in Schliffer and Vishny (1990). But one mugt take care when making a

LDC LDC <

comparison of this type because the results, z,"°° <z "™® and z, z,"™"° asreflecting

greater corruption in the LDC, only holds grictly when a, b, gand t are equivalent across
the two countries in question.

The second observation pertains to the coefficient vaues. They may, and in fact are
quite likely to be, different across countries. For the theoretical model to be consistent with
the stylized fact that the average government of a developing country employs relatively
more of society’s labor and relatively less of society’s capita than the average government
of an industridized economy, barring differences in tax rate across countries, at least one of
the three eladticities, a, b or g, must differ between representative countries.

Congder the smplest scenario first. Assume that the production eadticities of public
versus private capitd, a and b, and the degree of dlocative inefficiency, f , are the same

across countries, but the dadticity on capitad in the public production function, g, is different.

value f >1lisequivalent to movement to the left of L* and any value 0 <f < lisequivalent to

movement right of L™.
1 only consider allocations to the left of L™, but the model is not limited thus.
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If the productivity of public apitd is greater in indudiridized countries than in LDC's, the

implication is that infrasiructure development in indudtridized countries is more capita

LDC

IND <, , given a IND _ o ’

LDC

intensve than in LDC's. In terms of the modd, ¢ g

b"™ =b'*® and f™° =f'°°, insures that both inequaities, z,™° >z *°° and
ZLIND < ZLLDC, hOId

Alterndivdly, the output dadticities, a and or b, may dso differ across countries. If

IND

we assume the dagticity on public capitd, b, is congtant and that a '™ <a °°, then

homogeneity requires that (1- av.- b) > (1- a‘tc- b) . Thisimplies that private capital

in industrialized countries is less productive than private capital in developing countries.™ If

b actudly decreases with development as the endogenous and traditiona growth theories

IND IND IND

suggest, and a "™° <a '°, then the inequdities, z,"™° >z, "°° and z,""° < z "°°, hold so

long as the dadticity of capitd in the public sector production function is retricted by

IND

g""® >g"°“. In other words, while the relaive return on private capitd is relaively lower in

indudtrialized countries than in developing ones, the relative return on public capitd is greater
in indugtrialized economies than in developing ones. Intuitively, this suggests thet factories are
relatively more productive in developing countries while labor is relaively more productivein
indudtrilized ones. Smultaneoudy, a courthouse is relatively more effective in industrialized
countries while a police officer is relatively more effective in developing ones.

The find observetion pertainsto the tax rate, t. If a, b, g, and f are equal across

countries, then differing tax rates across countries yieds z'™' <z "' and

7, <z""" . Moreover, the further the tax rate is below the optimal rate, the higher is

16



the effective price of public capitd. Since the effective tax rate in LDC's is generdly less
then the effective tax rate in industrialized countries,™ the model predicts that LDC's will
auffer less growth effects due to taxation but at the cost of lower welfare and greater income
inequality.

Table 1 presents the relative resources usage rates and the average tax rates for a
selection of countries. Given the three observations from above, severa testable hypotheses
may be drawn from the data. First, compare the USA to the UK where we observe that

2" <z™ and 2" >z " Recdl tha if a, b, g, and f are equal across these two

countries and the only difference is average tax rates, then both the public labor and the
public capita usage rates should be lower in the UK. Since they are not, then one or al of
the coefficients must be different between the two countries. Second, comparing the USA to

France

France, we observe that z"% <z and 2" <z 7™ If the difference in the

average tax rate between these two countries accounts for observed resource usage, then it
should be that dl of the other coefficients are the equd. Third, comparing the USA to
Audtrdia (or Canada), we obsarve that z Y% <z A% and z, "% <z~ . Although
the observed inequdities are condstent with the USA’s lower tax rate, the difference is so
margina that it would seem unlikely to be the root of the difference in labor usage. Fourth,
compare the USA to Japan where we observe z "% >z " and 2% <z, ™. Since
Japan has alower average tax rate than the USA, unless the coefficients are different, both

usage rates should be lower in the USA. Fifth, compare the USA to Portugd (or Italy).

¥ Nourzad (2000) found no difference in the marginal productivity of public capital between
industrialized and devel oping countries but found that the marginal productivity of private capital to be
relatively higher in developing economies.

% Average tax rate in European countriesis strictly greater than 30% versus the average tax rate in
Mexico and Turkey are 17% and 15% respectively. [so. World Bank Indicators, 1994]
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Although the usage rates are dmogt equd, what if the government of Portugd is less efficient
than that of the USA due to corruption? If so, then one or dl of the coefficients must differ

for the usage ratios to be equal. These hypotheses are the subject of the next section.

3. Empirical Estimates of the Coefficients within the M odel

The following econometric exercise estimates the values of the coefficients,
a, b and g, for a panel of 16 OECD countries. | estimate the three coefficients usng the
dynamic equivaents to equations (2.1) and (2.2). Thisis convenient because it is not only

theoreticadly judtifiable, but dso removes any unit roots in the data. | estimate the following

four equations.
YealripCiria-n) (3.)
Y Ky G L,
G_ K L
~=g—C+(1-g)= (3.2)
G K L
X:a &+bg&+b(1- g)i+(1-a - b)i (3.3
YUK K L L,
E:a 5+ bE+(1- a- b)L (3.4)
GDP K G L

Equation (3.3) is the amply eguation (3.1) with the growth rate of G, equation (3.2),
imbedded into it. Euation (3.4) is estimated for comparison purposes. It represents the
more typica experiment, following Aschauer (1989), to estimate the dadticity of output with
respect to public infrastructure versus private capita. The relationship between the data used
to edimate this last equation and those used in the previous three estimations may be
summarized by the following accounting condraintss GDP=Y+G, L=Lg+Ly, and

K= KG+ Ky.
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It is preferable to estimate the levels growth of Kg, Ky, G, and Y than their
per capita equivaents for three reasons. Firg, the theoretical values of the coefficients from
the equations defined in levels are identical to those values from the equations in intengve
form. Second, modern econometric software alows one to easily impose redtrictions, such
as condant returns to scae, on the coefficient estimates. Third, it is eader to estimate
equation (3.3) in leves. In theory, the growth rates of public and private labor are equd, but
in practice they are not. Therefore, the per capita verson of equation (3.3) would need to
aso contain a term for the difference in the rates of growth of Ly and Lg. Agan, given the
ability to easlly redtrict coefficients, estimation of per capita data is unnecessary and, in this
case, cumbersome.

The data is an annua pand of 16 countries from 1970 until 1996 The
data is from the OECD, who conveniently separates output, fixed capita formation, and
employment into the two categories, total industries and producers of government services
Unfortunately, data on the stocks of public and private capital do not exist in a comparable
series across countries. This problem has been addressed in many previous studies. The
closest paper to this one in terms of data is Ford and Poret (1991), who use essentidly the
same OECD datathat | do.

The econometric methodology employed is smilar to the pand study by

Nourzad (2000). Table 2 presents the results of the five benchmark estimations, (3.1)

' The panel is not exactly balanced. Canadian datais from 1970-93. Danish datais from 1970-95. German
(west) dataisfrom 1970-92. Luxemburg' s dataiis from 1970-91. Dutch datais from 1970-93. Portuguese
dataisfrom 1977-93. Swedish datais from 1970-94. British dataisfrom 1971-95. Using a smaller balanced
panel of 15 countriesfrom 1971-95 does not significantly change any of the results.

 The data sourceis various years of the OECD, National Accounts, Detailed Tables, Volumel. The
relevant tablesare 4, 12 and 15.
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through (3.4) plus one additiond, i.e. equation (3.1) with afitted vaue from equation (3.2).
They are specified as classca linear regresson models [CLRM] with no control for country
or period specific effects. Table 3 presents the results of the five equations specified as one
way fixed effects models with controls for country specific effects [FE-country] and period
specific effects [FE-period].?* The capita and labor usage ratios reported in the previous
section suggest likely differences in coefficients values across countries. In light of this, |

interact the coefficient estimates of a, b and g for the entire panel with the country dummies.
Table 4 reports the results of the five equations when the coefficient estimates are allowed to
vary across countries.

The results from al of the experiments suggest that only the productivity of
private capital differs across countries. The best estimates of those differences result from
esimation of equation (3.3):[FE-period + FE-dphal on table 4. Furthermore, the
productivity of government represented by b, which is gatigticdly the same across OECD
countries, is sgnificant and equa to anywhere from .11 to as high as .37. In genera though,
the data suggest that business cycles are indeed important and the coefficient on G is closer
to the lower estimate. This is in sharp contrast to the most of the literature that follows
Ashauer (1989), which finds much higher dadticities of output with respect to public
infragtructure. It is interesting to note that the highest estimate for b results from estimation of

equation (3.4) on Table 2. Recdl that this equation represents the more typica experiment

% This effectively makes public infrastructure endogenousin the private production function and
thereby allows some feedback from equation (3.2) to equation (3.1). See Flores de Frutos and Pereira
(1993) for additional discussion.

% The corresponding random effect model specification of the five equationsin Tables 2 and 3 were also
tested. Based on Hausman’ s specification test, in all cases, the random effect models may be rejected at
high levels of significancein favour of the corresponding fixed effect formulations. A two way fixed
effects model with controlsfor country as well as periods was also estimated. The results suggest that
in the presence of period effects, country effects are not jointly significant. In the presence of country
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to esimate the productivity of public infrastructure. The estimates of g suggest that the
relaive productivity of public capital aso does not vary across OECD countries and is equa
to something between .06 and .22. Unfortunatdly, thisis by no means a strong resuilt.

Using the estimates from table 4, we may now address the hypotheses of
the previous section. As the empirica results suggest, | assume that b and g are constant

across countries while a varies. We obsarve that z, "% < z* and z, "% > z % . Thetax

effect can explain the labor inequality but not the observed capitd inequdity. Using the
estimates from equation (3.3):[FE-period + FE-apha], the eadticity of private capitd in the
USA is.14 versusthat of the UK is.22. Thisis exactly what we should expect to find.

The second obsarvation is that z Y% <z, " and z, "% <z, 7. Since
the tax rate of the US s lower than that of France, we would have expected that the value of
a to be very close to that of the USA. In fact, it seems that arra=.19, which is above the
US edtimate. Since the difference in private capita productivity between France and the
USA is smdler that that between the UK and the USA, it is dill quite possible that the
theory is consstent with the empirical evidence.

The third observation is tha z "% <z " and 2 “* <z " The
esdimatesof a suggest that a aur=.18, which is again higher than in the USA. Since the tax
rate difference is so amdl, the higher productivity of private cgpitd in Audrdia is to be
expected.

Thefourth observationisthat z % >z " and 2z, "% <z ™. Giventhe

tax rate differentia aone, we would expect both usage rates to be lower in Japan. The

effects, period effects are still jointly significant, but less so that the one way fixed effects model with
controls for period.
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esimate of private sector productivity in Japan is a jae=.27, which is much higher than the
US edimate. In this case, the theory falls somewhat since the higher private cepitd
productivity in Japan should raise public labor usage and lower public capital usage.

The find observation consders the usage rates between the USA and
Portuga which are dmost equd. The higher tax rate in Portugd, ceteris paribus, drives the
expected usage rates of both public capital and public labor up. The observed productivity
of private capital in Portugd, which is apor=.18, reinforces higher public labor usage but
implies lower public capitd usage. The only possible offsetting factor that might explain the
observed smilarity in the public labor usage rate is if Portuguese government is less efficient

due to corruption than that of the US, i.e. f " > " It isinteredting to note that of the

OECD countries sampled, the average bureaucratic efficiency is 8.90.% Only in Itay
(Bl174=6.33) and in Portugd (Blpor=5.58) are the indices lower than in France
(Blrra=8.25). In other words, if greater of autonomy of public agents leads to more
corruption, and if that is indeed what is captured by these bureaucratic efficiency indices,
then again, the theory is quite consstent with the evidence.

In summary, the data, for the most part, support the explicit specification of
the private aggregate production function versus the public aggregate production function.
Given further sudy with other data, the next step is to explicitly consder developing

countries varsus industrialized ones. | leave that to the future.

# Business International (BI) corruption indicator average 1980-1993, collected by Mauro (1995): 10
(lowest corruption), O (highest corruption)
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4. Theoretical Implications of the M odel

The theoretica implications of the model are far reaching. Almost any endogenous
growth modd that is based on an aggregate production function framework, abet with
microeconomic foundations, can be easly dtered to reflect a productive government with
rea resources costs. By doing so, one can compare the origina work which reflects a
trividly produced public sector where G =tY to a more robust verson that includes a
decentraized public sector as a departure from the utopian optimum. Although there is a
wedlth of literature to choose from, some well known papers on endogenous growth that
readily lend themselves to this analysis include Lucas (1988), Barro (1990), Romer (1986,
1990), and Aghion and Howitt (1992).

The paper by Lucas (1988) is arguably a synthess of the research pioneered by
Ramsey (1928), Cass (1965), and Koopmans (1965) and the modd attributed to Solow
(1956) and Swan (1956). Lucas describes the basic endogenous growth model where
output is a function of technology augmented labor and capital. The rate of return on
invesiment and the consequent saving are independent of the growth rate which is described
by the Euler equation, growth_rate=1ESXMPK-discount_rate)-tech_growth_rate, where
|ESisthe intertempora eadticity of subgtitution.

In an extension to this line of research, Barro (1990) introduces government as a
productive input, which is homogenous of degree one, within the dynamic production
function. Public services are trividly produced and completely funded by a proportiona
income tax. For al tax rates, t >0, the private return on investment is lower than the socid

return and the decentraized economy grows dower than is socidly optima. The optimd tax
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rate and consequent Sze of government, usng the notation from above, is Smply
t*=g/y=>b.

Appendix 2 describes the andyticd solution of a productive government with
decentraized agents within an endogenous growth model. The modd has labor and capita
as in Lucas (1988) while public services are subject to diminishing returns as in Barro
(1990). Therefore, suppose there exist two separable agents with identical preferences
whose comptition results in the alocation of the economy’s available labor and capital. The
agents maximize welfare, which is a function of consumption per worker. Upper case
characters represent levels and lower case represent per effective capita. n isthe exogenous

growth rate of population and c is the exogenous growth rate of technology.

&, 0 &

Max W = OéUg $ 9+ ug—“ wa e”dt
=08 LGtﬂ \nﬂ a (4.1)
AR cii-1 8 grajeenri '
= C XAY Lo+ ———xAy LY Tt
ggl q ° 1-q p

The representative private agent, denoted by subscript y, owns the representative firm and
receives income from wages, renta capital and sales of output to the entire economy. Taxes
are as=ssed on wage and capital income. | assume that dl capitd is ultimately owned by the
private sector. After tax income from final good saes accounts for private sector resource

income but does not account for capita rental by the public sector.

Y, =KiG! (AL,

)l—a—b

= rt KYt +V\4 LYT + PGtG’[ (42)

(¥ +1Kg)(1-t) =R, €, +S, (4.3)
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The price of y must be explicitly specified since it is possible to have grester dollar income

_ Total Economywide Income 4

then physica output. Thus R, v

The representative public agent, denoted by subscript g, receives wage income
which is taxed plus whatever public goods premium that she can ganer from the

adminigration of the public sector. Public goods are produced by the government at

resource cost.
Y, =PyG- r(1-t )Kg - W (1-t ) Ly (4.4)
- tY < tG b - b g
G =G +Lt=G +—= = K (AL 4.5
t t PGt t b b‘t t b't Gt(A Gt) ( )
Y tW (1' t)LGt =R Xo +Sa (4.6)

The two representative agents independently choose consumption and consequent
saving to maximize their independent optima consumption paths. Capita evolves as aresult
of the sum total of savings. Since the two agents have identica preferences, they necessarily

|27

have equa saving rates as wdl.“" Thus the growth rate of consumption per effective capita

for either agent is defined by amodified golden rule.
x:i:izlgr(l-t)- r-qcy (4.7)

Kt = S{[ + SGt (48)
The dynamic adjustment processis amilar to Lucas (1988). The results may be summarized

asfollows.

&:ﬁ:ﬁ:)(,;:;:)((a +bg) and &:Xg (49)
i g

%|f taxes are set optimally at t * = b , then the Py=1.
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There are some points worth noting. The relationship between the growth of output
and that of consumption is independent of the effects of decentrdized public agents. The
further the country is from the competitive benchmark, the smdler is the proportion of public
to private capital, and the lower isthe marginal product of private capitd. To understand the
ggnificance of equation (4.9), consider the Lucas (1988) modd dtered to include a Barro

(1990) type government that is trividly produced from taxes such that g =ty. The

dynamics of a Barro-Lucas framework are summarized follows.®

(4.10)

The differences between the mode with a productive government and Lucas-Barro
modéd lie in the capital labor ratios at the steady state and in the rate of adjustment that leads
to the steady state. For any set of values for a, b, gand f, the steady State capita labor
ratio, given the explictly specified public sector, is far grester than the Lucas-Barro
framework predicts. For example, consder a hypotheticd starting point of one unit of
capita and one unit of labor with the technology parameter, A, aso equa to one, such that

the initid effective epitd labor ratio isK, /AL, =k, =1. It isimportant to remember that

that the trangition to the steady State is unique® Figure 2 plots the smulation results from
three separate experiments, a Lucas-Barro modd, a Lucas model with a productive abeit
decentralized public sector (i.e. f =2) and a Lucas model with a decentraized competitive

public sector (i.e. f =1). The coefficients on K and G are a=.35 and b=.25 respectively

" See Appendix 2 for proof of this assertion.

Y & 0
% Equation (4.10) results from asingleinfinitely lived agent that maximizes (‘je "U g_tJ:_‘dt subject to,
t=0 t

l-a-b

Y =KG (AL)"" .G =tY, and Y (1-1)=C +K..
# See the textbook by Romer (2001) for details.
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and the tax rate is t=.24.%° In each casg, the heavy line is the unique saddle path to the
deady date and the lighter line is the reference describing al points in which the growth of
effective per capita capitd is zero.

The modes each converge to their respective steady states defined by modified
golden rules. The smulation vaues at the steedy state equilibrium are summarized in Table 5.
Notice that the steady dState effective capital labor ratio is k¥=6.73, k*=39.54 and
k* =56.16 respectively. The saddle path is much steeper in the Lucas modd and the steady
state consequently occurs much sooner. Another way to compare transitions to the steady
dates is to congder the growth rates a any point away from the steady state. Figures 3
plots the changing growth rate of consumption per effective capita as each modd converges
to its Seady Sate. Again, it is quite evident thet the trividizing assumption that G, =t Y,
implies a much quicker trangtion to the Steady state with a lower capital labor ratio and
lower per capita consumption. A productive abeit decentralized government model predicts
amog sx times more capital per unit of effective labor at the Seady date than the Barro-
Lucas modd. The competitive benchmark predicts over nine times more capitad per unit of
effective labor at the steady date. In generd, this suggests that government efficiency is
reflected by a higher effective capita labor ratio.

The empirica results herein reinforce the results of Nourzad (2001) in that only a
differs across countries, while b and g are constant. Figure 4 depicts the saddle path with a
lower eadticity of private capital ceteris paribus, alower tax rate ceteris paribus and a lower

private capitd dadticity combined with a lower tax rate. As the productivity of private

% The other relevant coefficient values pertaining to figures 2, 3 and 4 are the coefficient on public
capital, g=.5, the growth rate of technology, c=.03, the growth rate of population, n=.02, the coefficient
of relative risk aversion, g=.99, and the discount rate, r =.03.
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capita relative to private labor falls, so does the steady State effective capital labor ratio and
the per capita consumption. Therefore, if developing countries suffer from lower private
capita productivity, then one would expect tendency toward a lower steady State effective
capital labor ratio and a quicker trangition to the steady state. Furthermore, a shock to an
LDC should have a more pronounced growth effect but a shorter life span.

Lower private cagpital productivity combined with atax thet is relatively further fromits
optimal rate reinforce each other by both implying lower steady date effective capital |abor
ratios. If one assumes that indudridlized countries dso have more efficient resource
allocations between sectors (i.e. f is closer to 1 than to 2), then developing countries tend
toward a steady Stete a far lower effective capita labor ratio and per capita consumption
than do indudtrialized ones.

Finaly, congder the seady dtate equilibrium vaues across the various scenarios
summarized in Table 5. There are severa points worth noting. The effective capita labor
ratio in row 6 decreases as the scenario differs from the benchmark competitive equilibrium
with optimd taxes. Although lower private capital productivity (i.e. columns 5 & 6) lowers
the consumption per dfective capita (i.e. row 3) and consequently the welfare per capita
(i.e rows 33 & 34), the implications of sub-optimal taxation are greater (i.e. compare
columns 3 & 4 versus columns 3 & 5). Thisis dso evident in the effect of taxation on the

level of public goods per effective capita (i.e. row 7).

Conclusion
This paper brings to light the problems resulting from the generally accepted, athough

wholly inadequate convention of assuming that publicly produced goods are provided to the
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private sector at zero user cost and funded solely by tax revenues. By ignoring the public-
private accounting constraint over resources, the theoretical proportion of government to
capital is lower and estimates of government productivity are consequently higher.
Alternatively, explicit consderation of the public private accounting condraint over
resources yields empirica estimates of the eagticity of public goods at closer to .13. Thisis
far lower than that found by Ashauer (1989) and others. From the theoretica standpoint, the
assumption greatly skews the equilibrium capital labor retio as well as the per effective
cgpita consumption. The incluson of the accounting congtraint drametically changes the
reldtive price of private versus public goods and consequently the reative price of
consumption and saving. In a growth framework, the transition to the steady state becomes
more gradud and the resulting equilibrium is characterized by relatively more capita per unit
of effective labor at ahigher level of consumption per effective capita

There are saverd conclusions that may be drawn from the preceding andysis. Fird,
any degree of decentrdization exploited by government agents will necessarily lead to sub-
optima alocations of labor and capitd between the public and private sectors. Therefore
less publicly produced goods will be offered to the private sector a a higher price. The
resulting rent accrued by public agents is spent along with private sector income on private
sector output. This effectively means more nomina income chasing less real goods. Second,
the principle agent problem may be effectively addressed by a concerned central
government by setting taxes exactly equd to the productivity of public goods. Unfortunately,

thisis highly unlikely.
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There are two cavedts to this concluson. One, tax subgtitution and the ability to levy
consumption taxes would likely lower the optima income tax rate® Two, the government
can = the tax rate above the estimated optimum. Although inefficient, the principa agent
problem effectively disgppears irrespective of the degree of decentralization as the price of
public goods approaches zero.

The modd predicts the more inefficient the alocation of resources and the further the
tax rate is from optimd, the lower 5 the Steady Sate effective capitd labor ratio and the
deeper is the saddle path to the equilibrium. Therefore, if governments in developing
countries are less able or dedrous to control their agents, they are effectivdly more
decentralized and thus have grester freedom to exploit their positions of power. In such
cases, we should expect a steeper saddle path to a steady state defined by less capita and
consumption per capita. An intuitive interpretation is that busness cydes in developing
countries are shorter than those in industriglized countries but have higher amplitudes, or
amply are more volatile.

The policy implications are quite Sraightforward. To an economy on the saddle path
somewhere to the left of the Steady State, an injection of ether technology or [abor would
decrease the effective capital Iabor ratio, push the economy further |eft along the saddle path
and manifest itsdf in the form of temporarily higher growth rates. The steeper the saddle
path, the more pronounced is the growth dfect of a shock but the shorter its life span.
Therefore if agod of an LDC is to lengthen the business cycle and decrease its amplitude,
i.e. sabilization, then assuming the empirica results herein are correct, the only options are

ether to increase the productivity of priveate capita or set the tax rate at its optimum.

% See Barreto and Alm (2002).
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The paper implicitly assumes that alocation of capital and labor across the two
sectors is determined via some kind of long run ingitutional process. In the modd, this is
represented by the coefficient f approaching 1. Any improvement in resource alocation
improves private agents welfares at the expense of public agents' in the sense that public
agents get a relative smaler piece of a bigger pie. Since only private sector output may
ultimately be consumed, it is a poditive sum gain for the whole economy. In other words, the
modd conforms to the stylized fact regarding indtitutional development in which governments
of indudridlized countries tend to better serve their respective populations while
governments of developing countries tend to better serve themselves. Moreover, the model
depicts how indudtridized countries not only tend to a higher equilibrium capitd labor retio
and per capita consumption, but they do so via business cycles that are longer and more

sable.
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Figure 2
Simulation Results: Saddle Path Comparisons
{a =.35b=.25g=50t =.24}
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Simulation Results: Growth Path Comparisons
{a =.35b=.25g=50t =.24}
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Figure4
Smulaion Results Saddle Path Comparisons
{a=d,b=25g=50t =t',f =2}

C/AL

C/AL (alpha=.35, tau=.24)
------ k_dot=0 (alpha=.35, tau=.24)
C/AL (alpha=.30, tau=.20)
k_dot=0 (alpha=.30, tau=.20)
C/AL (alpha=.30, tau=.24)
""" k _dot=0 (alpha=.30, tau=.24)

( 20 40 60 80 100

K/AL




Tablel

USA CANADA AUSTRALIA MEXICO JAPAN KOREA
Ky/K 0.88 0.85 0.86 0.82 0.82 0.86
Kg/K 0.12 0.15 0.14 0.18 0.18 0.14
Ly/L 0.84 0.80 0.76 0.86 0.94 0.90
Lg/L 0.16 0.20 0.24 0.14 0.06 0.10
Avg. tax rate 0.22 0.26 0.24 0.17 0.13 0.19
FRANCE ITALY PORTUGAL UK GREECE TURKEY
Ky/K 0.86 0.90 0.88 0.92 0.76 0.73
Ka/K 0.14 0.10 0.12 0.08 0.24 0.27
Ly/L 0.78 0.85 0.88 0.81 0.82 0.92
La/L 0.22 0.15 0.12 0.19 0.18 0.08
Avg. tax rate 0.48 0.39 0.35 0.47 0.40 0.16

Ky/K = average across time of (gross fixed capital formation by total industries)/(gross fixed capital
formation) & Kg/K = average across ime of (gross fixed capital formation by producers of govt
services)/(gross fixed capital formation). [so. OECD National Accounts, Vol I, Country Table 3, Items
46, 47 & 50, various years]. {* Data for Mexico and Turkey, [so. 2002, OECD, Quarterly National
Accounts, country Table 53]

Ly/L = average across time of (employment of persons by total industries)/(total employment of
persons) & Lg/L = average across time of (government employment as percent of total employment)*,
[s0. 1996, OECD, Historical Statistics, 1960-1994, Table 2.15]. {* Data for Mexico = average across
time of (employment of persons by producers of govt services)/(total employment of persons), [so.
1997, OECD, Services, Statistics on value added and employment, Country Table I1]. Datafor Korea and
Greece = average across time (employment in public administration + defence + education + health +
social work)/(total employment), [so. 2001, OECD, Services, Statistics on value added and employment,
Country Table I1]. Data for Turkey = share of public employment to total employment (1985-1999), [so.
2001, OECD Public Management Service].}

Avg. tax rate = average across time of (total tax revenue)/(output by total industries). [so. for tax data
from World Bank Indicators, 1994, and for output datafrom OECD National Accounts, Vol I, Table 12,
Items 46, various years]



Table2

(3.1) w/
Equation (3.2) (3.2) (3.3) 3.4 fitted G
from (3.2)
Regression Type [CLRM] [CLRM] [CLRM] [CLRM] [CLRM]
Dep. Var. Dy/Y DG/G Dy/y  DGDP/GDP  DY/Y
constant 0.0432 0.0554 0.0545 0.0365 0.0431
(0.0059) (0.0030) (0.0028) (0.0051) (0.0048)
alpha 0.1666 0.1895 0.0302 0.1882
(0.0278) (0.0279) (0.0316) (0.0280)
beta 0.2182 0.2032 0.2839 0.2024
(0.0691) (0.0551) (0.0612) (0.0525)
gamma 0.2227 0.1923

(0.0720)  (0.1071)

Akaike Info. Crit.  -3.8983  -3.0282  -3.8460 -3.7626 -3.8443

Adj. R Sq. 0.2983 0.0305 0.2577 0.3156 0.2594

SEE 0.0343 0.0531 0.0353 0.0367 0.0353
Numbers in parentheses are White corrected standard errors. Numbersin bold typeface indicate
significance with confidence of 95% or greater.



Equation

Regression Type
Dep. Var.

alpha

beta

gamma

Akaike Info. Crit.
Adj. R Sq.

SEE

16 Countries [chi Sq]
26 Years [chi Sq]

(3.1)

[FE-country] [FE-period]

Dy/y

0.1657
(0.0285)

0.2162
(0.0705)

-3.8265
0.2740
0.0349

4.2756

Dy/y

0.1224
(0.0283)

0.1132
(0.0726)

-4.0075
0.4240
0.0316

132.1326

(3.2)

[FE-country] [FE-period]

DG/G

0.2159
(0.0738)

-2.9728
0.0133
0.0536

9.0659

Table3

DG/G

0.0690
(0.0337)

-3.3596

0.3459
0.0436

324.0836

(3.3)

[FE-country] [FE-period]

DYy

0.1883
(0.0286)
0.2007
(0.0597)
0.1800
(0.1130)

-3.7738
0.2329
0.0359

4.7287

Dy/Yy

0.1277
(0.0302)
0.1184
(0.0376)
0.0679
(0.1714)

-4.0012

0.4064
0.0316

224.3183

(3.4)

[FE-country] [FE-period]

DGDP/GDP DGDP/GDP

0.1878 0.1480
(0.0329)  (0.0324)
0.2868 0.1979
(0.0623)  (0.0775)
-3.6892 -3.7867
0.2908 0.3721
0.0374 0.0352

5.4106
118.7764

Numbers in parentheses are White corrected standard errors. Numbers in bold typeface indicate significance with confidence of 95% or greater.
* These two estimations use the fitted value for G from equation (3.2):[ FE-period].

(3.1) w/ fitted G from
(3.2)*
[FE-country] [FE-period]

DY/Y DY/Y

0.1417 0.1187
(0.0299)  (0.0300)
0.3743 0.2061
(0.0544)  (0.3136)
-3.8771 -3.9781
0.3098 0.3911
0.0340 0.0320
13.8845

112.6317
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Equation
Regression Type
Dep. Var.

alpha

beta

gamma

F.E. on coef. rel. to USA**

AUT
BEL
CAN
DNK
FIN
FRA
GRW
ITA
JAP
LUX
NLD
NOR
POR
SWE
GBR
16 Countries [chi Sq]
Akaike Info. Crit.
Adj. R Sq.
SEE

26 Years [chi Sq]l

(3.1)
[FE-period + [FE-period +
FE-alpha]l FE-beta]
DY/Y DY/Y
0.1517 0.1159
(0.1122) (0.0321)
0.0960 0.1154
(0.0912) (0.0576)

alpha beta

-0.0367 0.0644
(0.1109) (0.1231)
0.0262 0.0464
(0.1157) (0.0692)
0.0750 -0.2072
(0.1192) (0.1174)
-0.0807 -0.0209
(0.1087) (0.0464)
0.0192 0.0202
(0.1170) (0.0564)
0.0247 0.0120
(0.1191) (0.0369)
0.0310 0.0530
(0.1252) (0.0510)
-0.1092 -0.0285
(0.1109) (0.0522)
0.0949 0.0479
(0.1129) (0.0562)
-0.1019 -0.0696
(0.1366) (0.1679)
-0.0866 0.0068
(0.1253) (0.0882)
-0.0646 0.1142
(0.1296) (0.1005)
0.0314 0.0556
(0.1250) (0.0504)
-0.0992 -0.0527
(0.1225) (0.0743)
0.0652 -0.0189
(0.1716) (0.0838)
38.4624 11.2940
-3.9654 -3.9702
0.4045 0.4073
0.0316 0.0315
102.6835 137.6130

(3.2)

[FE-period +
FE-gamma]

DG/G

0.2301

(0.1684)
gamma

0.4876
(0.3168)
-0.1354
(0.1922)
-0.4642
(0.3828)
-0.1081
(0.1771)
-0.1127
(0.1733)
-0.3089
(0.2238)
-0.1047
(0.1665)
-0.0985
(0.1772)
-0.0291
(0.1710)
-0.0567
(0.1763)
-0.2341
(0.1855)

0.1357
(0.2576)
-0.1255
(0.1809)
-0.1510
(0.1772)
-0.1915
(0.1726)
18.7737

-3.3437
0.3583
0.0432

143.2692

Table4

[FE-period +
FE-alpha]

DY/Y

0.1437
(0.0522)
0.1260
(0.0418)
0.0606
(0.1743)
alpha
0.0383
(0.1163)
0.0407
(0.0578)
0.0942
(0.0702)
-0.0800
(0.0554)
0.0326
(0.0615)
0.0450
(0.0606)
0.0448
(0.0745)
-0.0965
(0.0490)
0.1257
(0.0560)
-0.0797
(0.0914)
-0.0858
(0.0799)
-0.0495
(0.0832)
0.0343
(0.0615)
-0.0922
(0.0722)
0.0787
(0.1343)
46.3232

-3.9758
0.4120
0.0314

177.4288

(3.3)

[FE-period +
FE-beta]

DY/Y

0.1355
(0.0335)
0.1074
(0.0231)
-0.2100
(0.1892)
beta
-0.1600
(0.2968)
-0.0375
(0.1299)
-0.2840
(0.3244)
-0.0762
(0.0612)
0.0769
(0.1820)
0.0639
(0.0504)
0.1081
(0.1486)
-0.0082
(0.1646)
-0.4790
(0.3365)
0.5671
(0.5018)
0.0168
(0.1532)
-0.1529
(0.1049)
-0.0607
(0.0898)
-0.1582
(0.1324)
0.0481
(0.1167)
9.0580

-3.9721
0.4098
0.0315

203.2585

[FE-period +
FE-gamma]

DY/Y

0.1289
(0.0332)
0.1090
(0.0495)
-0.2593
(0.5863)

gamma
0.1980
(1.2677)
0.1733
(0.8482)
1.5149
(1.4273)
0.1796
(0.5953)
-0.0526
(0.8989)
0.2048
(0.6047)
0.4390
(0.8380)
0.0988
(0.7323)
1.1721
(0.9741)
-0.8561
(1.1774)
0.2125
(0.8343)
0.9218
(1.0244)
0.6167
(0.8276)
0.1586
(0.8779)
0.2603
(0.5972)
5.0314

-3.9643
0.4052
0.0316

189.2812

(3.4)
[FE-period + [FE-period +
FE-alpha]l FE-beta]
DGDP/GDP DGDP/GDP
0.2064 0.1401
(0.1022) (0.0351)
0.2013 0.2114
(0.0844) (0.0668)

alpha beta
-0.0580 0.1118
(0.1058) (0.1116)
-0.0213 0.0493
(0.1110) (0.0667)
0.0523 -0.1632
(0.1086) (0.1041)
-0.1397 -0.0270
(0.1000) (0.0545)
-0.0445 0.0105
(0.1081) (0.0541)
-0.0256 -0.0027
(0.1079) (0.0423)
0.0040 0.0615
(0.1195) (0.0522)
-0.1488 -0.0143
(0.1017) (0.0590)
0.0554 0.0499
(0.1043) (0.0552)
-0.0357 -0.0134
(0.1740) (0.2404)
-0.0738 0.0493
(0.1223) (0.0869)
-0.0908 0.1158
(0.1202) (0.0975)
-0.0399 0.0226
(0.1132) (0.0615)
-0.1609 -0.0412
(0.1147) (0.0731)
0.0049 -0.0110
(0.1499) (0.0732)
39.5032 11.7772
-3.7375 -3.7391
0.3631 0.3641
0.0354 0.0354
97.2618 125.1998

(3.1) w/ fitted G from (3.2)*

[FE-period + [FE-period +

FE-alpha] FE-beta]
DY/Y DY/Y
0.1310 0.1128
(0.1174) (0.0316)
0.1684 0.1128
(0.3461) (0.0316)

alpha beta
-0.0303 -0.0138
(0.1191) (0.0862)
0.0520 0.0418
(0.1215) (0.0966)
0.0759 -0.0248
(0.1301) (0.0659)
-0.0656 0.0216
(0.1181) (0.0641)
0.0366 0.0949
(0.1222) (0.0694)
0.0547 0.0705
(0.1240) (0.0625)
0.0468 0.0916
(0.1322) (0.0719)
-0.0915 0.0450
(0.1176) (0.0902)
0.1162 0.1018
(0.1189) (0.0676)
-0.0802 -0.0597
(0.1409) (0.2023)
-0.1094 -0.0141
(0.1336) (0.0745)
-0.0405 0.0981
(0.1342) (0.1320)
0.0670 0.1619
(0.1212) (0.0804)
-0.0776 0.0026
(0.1282) (0.0812)
0.0796 0.0353
(0.1787) (0.0933)
47.8395 11.3069
-3.9497 -3.9225
0.3951 0.3784
0.0319 0.0323
104.9775 115.5420

Numbers in parentheses are White corrected standard errors. Numbers in bold typeface indicate significance with confidence of 95% or greater.
* These two estimations use the fitted value for G from equation (3.2):[ FE-period].
** Coefficient estimates are relative to the coefficient estimate for the USA (i.e. from equation (3.1):[FE-period + FE-alphal], aay=.1150=.1517-.0367).
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Table5
Simulation results at the Seedy Seate

1 2 3 4 5 6
a=.35 a=.35 a=.35 a=.30 a=.30
a=.35 b=.25 b=.25 b=.25 b=.25 b=.25
Coeficient values b=.25 0-=.50 g=.50 0=.50 g=.50 0=.50
t=.24 t=.24 t=.24 t=.20 t=.24 t=.20
f =1 f =2 f =2 f:2 f:2
1 ccg=CG/(A*LY) 2.46 5.70 2.74 4.38 2.24
2 ccy=CY/(A*LG) 7.17 5.14 2.46 3.51 1.79
3 cc=C/(A*L) 0.81 5.79 5.24 2.51 3.65 1.85
4 kkg =KG /(A*LG) 61.62 44.11 22.06 32.53 17.28
5 kkv = KY /(A *LY) 53.92 38.60 19.30 21.68 11.52
6 kk =K/(A*L) 6.73 56.16 39.54 19.75 23.36 12.37
7 aa=G/(A*LG) 0.36 196.24 166.04 23.48 142 58 20.78
8 vw=Y/(A*LY) 12.10 8.68 4.12 5.69 2.87
9 Y/(A*]) 1.51 857 7.20 3.45 4.81 2.44
10 YILY. 4856 3484 1655 2282 1151,
11 Y/L 607 3441 2890 1385 1929 981
12 L 54.48 54.48 54.48 54.48 54.48 54.48
13 K 147119 | 1227792 | 864407 431879 510707 270429
14 A 401.32 401.32 401.32 401.32 401.32 401.32
15 Growth Rate 0.00 0.00 0.00 0.00 0.00 0.00
16 Y 23375 29495 14132 19691 10013
17 LG 15.87 9.29 8.90 8.42 8.06
18 LY 38.60 45,19 45,58 46.06 46.42
19 LG/L 0.291 0.171 0.163 0.155 0.148
20 KG 392517 164461 78810 109877 55874
21 KY 835275 699946 353069 400830 214555
22 KG/K 0.320 0.190 0.182 0.215 0.207
23 Total Income 25136 189341 159010 79207 106158 56117
24 Public Income 23433 29519 14144 19708 10021
25 Private Income 165908 129491 65063 86451 46096
26 C 17766 126684 114531 54818 79780 40545
27 S 7371 61390 43334 21648 25580 13544
28 Y 33074 187466 157436 75435 105107 53445
29 I 0.08 0.08 0.08 0.07 0.08 0.07
30 W 120712 4.84 3.47 1.65 2.56 1.29
31 PG 1.04 0.04 0.06 0.22 0.05 0.20
32 G 7938 1250103 } 619049 83895 481641 67213
33 Pub Util per capita 107.14 108.04 107.25 107.76 107.04
34 Priv_Util per_capita 5.96 108.29 107.93 107.14 107.52 106.80
35 Pub Welfare 1701 1004 955 907 863
36 Priv welfare 4180 4877 4883 4952 4957
37 Total welfare 325 5881 5881 5838 5859 5820

In each of the above simulations, an initial effective capital labor ratio of 1 isimposed and the model is
allowed to “grow” for 200 periods such that the level of labor and technology are predetermined by their

exogenous growth rates while saving and consequently capital growth is endogenous.




Appendix 1
Derivation of Allocation Rules (2.6), (2.7), (2.8) and (2.9)

Y=F(L,K,G)=AK;G Li*®  subjectto

G=H(t, KoLy )=G+ =G+ =P 5-_D

. LY b-t  b-

t AKSLLY whereG = AKZ L%

1. Decentrdized Government agent maximization problem:
MaxY =P,G- wlLg- rK; >0
=(MPLg - MPL, ) L +(MPK; - MPK, ) K >0

Given the equilibrium condition; 10— =1 gng 1= T¥

il L, Ke Ky

%TTY:(MPLG- MPL, )= MPL, =w(1-t)
G

wpL =ovpL, o 201-9)_2(-a-b)(-t)

Le L
\ Lt = b(1-9 (2.6)
¢ 2(1-a-Db)(L-t)+b(1-9) '
L *
> E =z *(a,b,gt f =2)
Ty = MPK; - MPK, =MPK, =r(1-t)
G
MPK, =2MPK, bg _2a(i-t)
KG KY
bg —
Ke* =——71—XK 2.
'K 2a (1-t ) +bg @8
K *
> E =z.*(a,b,gt f =2)
\ kG*:KG*: g V2(1-a-b)(1-t)+b(l-g)x5
L.* (1-9) 2a (1-t ) +bg L



2. Comptitive equilibrium in G solution > Y =0

Y =RG- wlg- rKg=0
=(MPL; - MPL, ) Lg +(MPK; - MPK, ) K =0
v _1v v _ T

Given the equilibrium condition: = and =
e L,  TKs K,

Ty
2L —MPL, - MPL, =0
1w e L,
MPL. = MPL, N b(l-g) _(1-a-b)(1-t)
L L
b(1- g) _
P =
Ve T e ) en ) (219
> LGEpC =z "(a,b,gt f =1)
1Y — MPK,- MPK, =0
G
Mk, =MPK, > Pg_2(-t)
KG KY
bg —
e_-__ -9
VK= g (2.12)
KGpC — pc -
> =z (a,b,g,t f =1)

* g 2(1-a-b)@-t)+b(1-g)

*—KG
bk T L* (1-9) 2a(1-t ) +bg

G




Appendix 2
L ucas (1988) Endogenous Growth Model with Decentralized Gover nment

Max W = OéUQ _xL +U éaci_xLY[ue "‘dt where c, = Sa andc, = Sy

t=06 Gt @ w@ O Alg ALy
— ; _ L _Lu - (1- ZL)
If L, = L, + L, , then one may define z, = (1-z)=—t and B =
3 ] z,
¥ éctd cid
Max W = AL, Oe—L—>¢, T % >(1 zL) g & laeu gy (A.2.)
t:o@l'q g
subject to
=F (Lo, Ky, G) = KEGP (AL, )" (A2.2)
b
—_ Yt — |2 @t 0
y, = =k8 ==
t A[LYt ythLZ
(Y, +rKGt)( t) =R, €, +S, (A.23)
h tk”l t) =R, +s,
Y, =P,G- Ky - Wl 30
(A.2.4)
Y, W,
Y= =B Ry -—%0
AL, "o
Y. +W(1-t) Ly =R g +Sy (A.2.5)
1-t
yt+M:PYt>Cgt+sgt
G =G+ =Ky (AL "+t =P kg (AL )" (A26)
P, b b-t
-G - b
" Al b-t ®
K, = Ky +Kg
(A2.7)
— Kt - KYt ( KGt —
= =—1(1- 7 )+ z =k, (1- 2 ) +k,z
AL AL, Al ~ o
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K =S +% (A28)

kt :gyt (1't)' chwﬂ(l- ZL)+(BL%tgt ) PYtht)ZL' (C +n)K
L =L+ Ly (A.2.9)
L =L,e" (A.2.10)
A = Ae (A.211)
Optimization:
L=U(cg)+U(cy)+ m(k)+|tgk— k,(1- z.)- k,Z
U 5 i
E:ﬂ (Cy)- mg(l- ZL)=O > S_.1m
fic, fic, y q m
U
&_ﬂ (Cg)-mPYZL:O - C_g: lxﬂ
fic, fic, g q m
L _ B . I, _ m
—=-m(n+c)+l,=-men+(l-q)c-ryg-m => —t=r+qc-—+
i (n+c) g+(1-aq)c-ry m m
L Ty . _Ty _ Bbgy
—=m— l.z =0 > =—=—t——-r(1-t
ﬂkg mﬂkga_ IZL m ﬂkg kg r( )
LenXet)ez) 1@ 2)=0 3 L=Ma)=rpr)
1 y m Tk,
Growth
l_t_ﬂl_ﬂ( t):r +qC ﬂ
m Tk, Tk, m
\ x:_y:_g:_g(]_-t)- r -qcy 1?Bngy- r(]_-t)- r- ch (A.2.12)
¢, ¢ de k g

Dynamic Analysis:
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(A.2.19)

Effective Per Capita Growth:

x| x.
I
~|=-

(A.2.13)

(A.2.14)

(A.2.15)

(A.2.16)

(A.2.23)

(A.2.18)

(A.2.21)

(A.2.22)

(A.2.23)

(A.2.24)



\ %:xg+ c+n (A.2.25)

Saving Rate:

ga(l-t )+bgg(x +c +n)
f(xq+r +cq)R

\ S=5 =% = (A.2.26)




