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Abstract

The concept of sectorial political economy is defined using a model of
fragmented perfect competition and introduced in an dynamic game in which
the government is a Stackelberg leader and the representative families of
each sector follow. Sectors produce different bundles of goods by means of
production functions which Imply different kinds of economic dependencies
and which may involve public inputs on which the government takes
strategic decizions, The political power of each sector is described in
terms of its passive resistance (resistance to taxation), its organized
resistance (an effective demand for minimum welfare), and its socially
organized power ({the presence of its objectives in the government
objective function). The determinants of income distribution and growth,
the mechanisms and incentives for the allocation of public goods, and the
incentives for political organization, are functions of political power
which are strikingly different if the economy is open or closed. The model
analyzes long-term equilibria in political economy and tendencies for
change in periods of political transition due to technical or trade policy
changes. :

1 Introduction

This article studies economies in which the amongst the main determinants
of distribution and growth {s the differentiated access of productlive
sectors to the economic benefits of power. Our interest is centered in
market economies in which the political system is characterized by a
stable balance of power established between various productive sectors,

which determines the economic actions of the government.

1E—mail: mayerfou@disl.cide.mx



The role of public spending in an endogenous growth model was first
studied by Barro (1990). Futagami, Morita and Shibata (1993) consider
public investment instead of spending in an endogenous growth model. Jigon
Lee (1992) considers both in a model which finds two types of equilibria,
each emphasizing one of the modes of government participation in the
economy. The thecretical and empirical importance of public investment
has been substantiated by several studies (see for the former Arrow and
Kurz, 1970, for the latter Aschauer, 1988, Iwamoto, 1990), as well as the
impact of institutional structures on the provision of specific public
goods (e.g. Gorter and Zilberman (1990)). In this article we are concerned
with the strategic nature of the government’s participation in the
economy, in the context of a balance of power between sectors. Such
strategic activity is mainly reflected in investment decisions which
affect distribution and growth.

The study of the political economy of growth in endogenocus growth
models is well established (see for example Verdier, 1994). In a survey on
the recent literature on the political economy of growth, Alesina and
Perotti (1994) find the main theoretical and empirical studies to be on
the linkages between income distribution and growth; political rights,
democracy and growth; savings, investment, and political instability. Our
objective is to consider governments which embody a specific, stable
balance of power between sectors based on branches of the economy. We find
that the balance of power and whether the econcmy is open or closed
characterize government economic action and determine sectorial income
distribution and some aspects of growth as well as the mechanisms and
criteria of public investment and the incentives for  political
organization.

In the context of our assumptions rent-seeking is structured in a
given, non-~competitive and non-democratic manner. Thus our study is
somewhat more associated with corporativist than with decentralized,
pluralist frameworks of interest intermediation (see Schmitter and
Lehmbruch, 1992). The study of rent-seeking by specific interest groups is
extensive (e.g. Riaz, Shogren and Johnson, 1995; Zhou, 1995; Congleton and
Rennet, 1995; Sturzenegger and Tommasi, 1994; Hinich and Munger, 1994}, In

the endogenocus theory of trade tariffs specific economic sectors (owners .



of industry=-specific factors) act with political coherence to obtain the
economic benefits of certain policies (e.g. Brainard and Verdier, 1994).

The analysis of economic history often involves sectors of the
economy. Pipitone, 1994, uses the concept of economic sectors extensively
in a comparative historical analysis of the success or the failure of the
transition to development in England, Holand, Belgium, France, and
especially in the case of the "late-comers" Sweden, Denmark, Japan, Italy,
India, Nigeria, Brazil and Mexico. Evans, 1995, analyses a series of case
histories of development by econotnic sectors.

Olson, 1982, applies the theory of collective action to analyze a
wide variety of historical events, in terms of the presence of collusions
and organizations. Olson analyses how these collusions and organizations
come to have some of the properties we ascribe to sectors. "Stable
societies with unchanged boundaries tend to accumulate more collusions and
organizations for collective action over time." "Encompassing
organizations have some incentives toc make the society in which they
operate more prosperous, and an incentive to redistribute income to their
members with as little eXcess burden as possible ..." "Distributional
coalitions, once big enough to succeed, are exclusive and seek to 1limit
the diversity of Incomes and values of their members.” (Ibid, chapter 3).

We characterize our sectorial structure by the following assumptions,
which must hold within the horizen of economic planning (to which we refer
as the long term). Politically, each sector is coherent, and the balance
of power between sectors determines government economic decisions.
Economically, each sector specializes in some branch of production in
which it has an advantage; thus inter—-sectoriai competition is weak while
intra—sectorial competition is strong. Together thegse assumptions mean
that the economic and political system is jointly structured in sectors,
and that the structure is stable within the horizon of economic planning.
Examples of such sectors could be the agrarian and wurban sectors,
industrial sectors such as large and small-scale induystry, diverse special
interest stable lobbying groups, or capital sectors such as financial
versus productive capital, We shall talk of a sectorial economy [(rather

than political economy) for short.



The advantages each sector has in production could take rmany
different forms, such as advantages in knowledge resulting from learning
by doing, transaction costs, entry éosts, imperfect credit, etc. For
example, in the case of the agrarian and urban sectors, it is often the
case that the access of capitalists or workers from each sector to the
other sector may involve a great variety of economic difficuities.
Similarly in the cases of large and small-scale industry, or Tfinancial
versus productive capital, competition may be limited by problems with
credit, knowledge, mobility of labor, scale, entry costs and market
structure.

In the situations in which we are interested the government has the
power to strategically influence capital accumulation. Public spending and
investment are important components of production and consumption. Public
investment may be in public goods, or it may be in the production of
private goods which may be in the hands of the government. The government
acts to further certain objectives (in our model by maximizing some
function of the sector welfares) according to certain constraints. These
objectives and constraints will derive from the political power of each
sector. We consider for each sector three aspects of power which we shall
call the power of passive resistance, the power of organized resistance
and socially organized power. As we shall see below, these correspond to
increasingly complex collective action. The first is a sector's capacity
to oppose taxation, especially when the government transfers the proceeds
to other sectors. The second is a Sector’s capacity to impose upon the
government constraints guaranteeing it a minimum degree of welfare. The
third is a sector's capacity to include its own welfare amongst the
government's objectives.

An important note is that the cdncept of sectorial structure is quite
distinet from the concept of class structure. Iff we proceeded to analyze
the determinants of collective action which give rise to political
organization and power, undoubtedly the identification between members of
the same classes (by occupation, communality of economic and political
interests, etc.) plays a central role. However the analysis of the space
of income negotiation between labor and capital is impossible within the

framework of competitive production, which allocates income shares



according to the production function shares, except perhaps in the case of
human capital, which can invelve a public input. Thus the analysis of the
dynamics of power including such bargaining possibilities is much more
complex. Even to model class in simpler ways simultaneously with a
sectorial structures would complicate the issues. Thus we have chosen to
deal with the sectorial structure on its own. The approach taken in this
study can be understood as an analysis of the dynamics of power amongst
the dominant classes, as owners of different kinds of capital.
Alternatively, our approach can model social sectors forming a coherent
unit even if composed of different classes, when the capital owners play
the leading roles.

We summarize here some of our main results. A sector’s economic
dependence on the government (through inputs to its production function)
leads to its political dependence if it is not in power. Collective action
of lower complexity in one sector (which may be less costly) may be able
to limit the exercise of the power of collective action of higher
complexity by other sectors. For example, tax resistance by one sector may
frustrate transfers of wealth attempted by means of the socially organized
power of another sector. Despite the assumption of productive advantages
in each sector, the private allocation of capital in a steady state
sectorial economy and the relative price between goods will be compatible
with perfect competition and thus economically stable. Next, we find that
whether the economy is closed or open deeply affects the mechanisms and
incentives for the allocation of public goods, the determinants of income
distribution  between sectors, and the incentives  for  political
organization. In the closed sectorial economy, the balance of power does
not affect the allocation of public investment, while in the open eccnomy
it determines it directly. In the closed case allocation attempts to meet
economic efficiency criteria while in the open case it attempts to meet
political income distribution criteria. Sector income in the closed case
depends on the market demand for goods {not on the initial intersectorial
distribution of capital}, adjusted by tax transfers, while in the open
case it depends on a combination of the economic independence and
political power of a sector. In a closed sectorial economy organized

political demands for welfare beyond the market equilibrium can only be



met with government services and subsidies. In an open economy organized
political power not only uses public investment as a vehicle for
increasing wealth, but is a prerequisite for the existence of sectors
requiring such investment. Finally, as a direct application of well known
results on the role of public inputs in trade, the comparative advantage
of sectors requiring public inputs will be a function of their political
power.

We analyse transitions involved in sectorial economies which open or
close. Dependent sectors will find on opening that they need to organize
politically to survive. In certain cases, opening or closing determines
which sector of the economy will be the growth leading sector.

Section 2 analyses the hypotheses underlying the concept of a
sectorial political economy and outlines a general model., Section 3
introduces a sectorial economy in an endogenous growth model. Sections 4
and 5 contain detailed statements of the results summarized above, Section
& discusses the government as sector; transitions due to changes in trade
policy or to technical change; fragmented perfect competition, which is
the market structure of our meodel, and offers some comments on EC
protectionismmn and the US Civil War. Section 7 has some final remarks.
Sections & to 12, the Appendix, solve the mathematical model, considering
the families’ problem, the government’s problem in the closed and open
cases, and the model with taxation of sector 2’s in the clogsed and open

cases.

2 The politico—economic sectorial structure

24 Hypotheses of the model

We wish to model market economies in which the following scenario exists.
For the planning horizon, the political system is characterized by a
stable balance of power established between various productive sectors,
which determines the economic actions of the government. To do so, we

define the concept of sectorial structure as follows. A country has a



(politico=economic) sectorial structure if it can be divided into sectors

which satisfy two hypotheses:

1.— Political coherence. Each sector forms a politically coherent unit vis
a vis other secters in the government’s spending decisions, which are a

function of the resulting balance of power.

2.~ Productive specialization with economic advantage. Each sector
specializes in some branch of production within which it has certain

economic advantages with respect to the other sectors.

We first show that our assumptions are the minimal set which will be
compatible with our scenario. The main point is that if within some branch
of production some subset of its firms can access government favor while
the remainder cannot, the favored subset will out-compete the remainder,
so that for any long-term steady state (compatible with the economic
planning herizon) all of the firms in the productive branch must have
equal access to the public investment goods (political coherence). Hence,
if there are to be several sectors, each must be identified with a
specific good (or bundle of goods), each of which is necessary for the
other sectors, either for consumption or production or both (productive
speclalization). Moreover, since sectors are thought to be at least
somewhat stable with respect to the process of economic competition, there
must be barriers to the encroachment of their economic activities by other
sectors. In the absence of such barriers the eccnomic basis of a weaker
sector can be eroded and we would analyze instead more fluid economic and
political states of affairs (economic advantages).

Thus only particular subsystems of a given country may be considered
sectors in the sense just defined, although some kinds of sectors (as in
the case of agricul'tural or urban sectors) may divide into subsectors
geographically or otherwise. OQur analysis examines politico-economic
equilibria in which various market imperfections (which may themselves
derive from the political system) define productive sectors within which
economic competition remains and which, for social, political or practical

reasons form coherent political units on the national scene,



Our model abandons the concept of a benevolent government acting for
the general good, instead depicting it as pursuing the interests of
certain sectors according to the balance of power. However, we eschew the
sources of political coherence within sectors, on the one hand, and of
government coherence with sectorial objectives resulting from some
sectorial balance of power on the other. Note, however, that some of this
coherence {meaning equal access to the benefits of public investment
within sectors) simply follows from the accessibility of public goods
(which may be local not only geographically but in the sectorial sense) or
of private goods supplied by local or sector-specific government
investment (on human capital, energy, and so on).

Our assumptions may be more relevant in developing countries than in
democratic, developed countries in which political and economic rigidities
may be less dramatic. Nevertheless, we have shown that it is a minimal set
in contexts in which the concept of stable politico-economic sectors is
relevant. The model may be considered as one of fragmented perfect

competition.
ZB  Qutiine of the model

Having clarified the assumptions behind the sectorial structure, we
now outline a general model of which only a particular version will be

stated and solved mathematically.

The Economic Sphere

The economy is described by a game in which the government is a
Stackelberg leader and the remaining agents are representative families
each belonging te a sectors and owning the capital inputs of the
production function corresponding te its sector. We consider the following
stylized facts, based on the existence of the sectorial structure defined

above.

1. Market economy. Each sector produces its own good for the market,

in perfect competition with members of its own sector. Families and firms



are price takers. The government can buy and sell goods produced by both
sectors in the market. If the economy is open the relative price between
both goods is exogenous while if it is closed it is endogenous.

2. Productive sectors. Production is divided in two (or more)

sectors. Each produces a specific good which families of all sectors
consume and which can also be used as capital. Each sector has advantages
in the production of its own good with respect to members of other
sectors. The production functions may involve capital goods of each type
as inputs, either in the form of private or public capital, or considered
as externalities of any type of capital of any sector. In the case of an
apen economy we suppose that both goods are tradeable.

3. Government objectives. The government’s objective is to maximize a

function having as arguments the utilities of representative families of
each sector (also called felicity functions). The objective function is a
characteristic of the current political system. It could be identical to
the welfare of only one of the sectors, or some combination of them.

4. Taxes. The government raises taxes from families in both sectors.
The limit to the amount of taxes it can raise are another characteristic
of the current political system.

5. Public investment and its specificity, The resources obtained by

the government are invested in public capital (which only the government
provides) and which are sufficiently varied to be provided in a
sector-specific manner, at least within a certain set of possibilities,

6. Minimal sectorial welfare. When it eXercises the public budget and

decides the tax rate, the government redistributes resources amongst the
sectors. If it favors one, the remainder loose welfare. The minimum bound
to the welfare of each sector is a further characteristic of the current

political system.

The Political Sphere

We consider three sets of political "data" which correspond to three
aspects of political power. These represent qualitatively increasingly
complex levels of collective action and organization. The first is the

power of passive resistance. It requires simple action which need not even



take the form of collective action proper, because it can be based on
individual tax evasion, complicity and corruption. The second is the power
of organized resistance. It requires collective action whose effect can be
based, for instance, on the imposition of costs (an example could be trade
unienism) or on political maneuvering, the resort to public opinion,
protests, legal action, and so on. Such resistance need not concert the
actions of the sector in a fully unified way. The third is socially
organized power. It reflects a degree of organization capable of
channeling efficiently large amounts of public resources to specific
economic projects in a socially articulated and unified way. In sum, we

consider the following attributes of the political power of each sector:

1. The power of passive resistance. The capacity of a sector to

impose bounds on the tax rate paid to the government.

2. The power of organized resistance. The capacity of a sector to

impose as a restriction on the decisions of the povernment a minimum level
of welfare for its sector.

3. Socially organized power. The capacity of a sector to assign to

its interests considerable portions of the public budget.

For the purposes of this article the political structure will be
considered exogenous. To endogenize it would involve a description of
political dynamics which are beyond the scope of this paper. For the same
reason, we limit ourselves mainly to studying the steady states of our
model, which do not push the exogenous political structure and dynamics

and the infinite horizon of the endogenous growth model too far.

3 The model

In this section we consider a simple sectorial economy, with the economy
described by an endogenous growth model. Endogenous growth models with

more than a few variables tend to be mathematically complicated. Thus we

prove some of the consequences resulting from our theoretical framework on
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the basis of the simplest interesting case of a sectorial structure, and
then comment on some simple variations.

We consider a smail economy with two productive sectors and a
government. The sectors are numbered 1 and 2 and have populations Nl, I\J2
with equal growth rate n. These sectors are specialized in the production
of goods a and b respectively. Except for the production functions

available to them the families are identical and maximize the utitity

functionals
® -rt
Ui = u(al,bl)e dt. 3.1
)
(i =1, 2) where
aabﬁ
ufa,b) = T with e+ 8=1- ¢, 3.2

and 2. bi is the per-capita consumption in sector i of goods a and b.

The government maximizes
U =uf(Uu,U) 3.3
G G 1 2
subject to the restrictions

1 i . .
ZG = ZG(Ul’UZ} =20, i 1, 2. 3.4

The function uG is increasing in hoth variables and concave. It reflects
the organized social power of the sectors. The functions z; express a
restriction on the minimal welfare in sector i. They are increasing in Ul
and decreasing in the welfare of the other sector (as for example in a
comparative restriction such as Zz = U;.f’U;1 - const = O).

We take good a as numeraire and let p be the price of good b.

Since our objective is to highlight the possibility of intersectorial
transfers to dependent sectors, we make the following simplifying
assumptions. Production in the first sector does not require capital
inputs other than private capital of good a, while in the second sector
capital requirements are private capital of type b and public capital of
type a. Familles in the second sector are not taxed, sco that public
capital for production in the second sector is financed by the first. Thus
the first sector does not depend on the second for capital inputs and only

needs it for consumption, while the second sector also depends on the
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investment of public capital of type a. This scheme could model a process
in which sector | pursues policies modernizing sector 22,

The aggregate equations of production are the following.
PR _ _
Ki=¢ [KI] 2 T,

;o g2 _1
K, = ¢°(KK) - =C,

3.5
K/ =eT
Pt
¥t
T1 = mee
1 2 8 _,1-6 s
where ¢ (Kl) = A1K1' ¢ {KZ,KP) = Asz’KP , We use the abbreviations
C = (a + pb)N, 3.6

and the variables are the following:

K is private capital of sector 1, consisting of good a.

K_ is private capital of sector 2, consisting of good b.

C  is the total consumption of sector i measured in units of good a.

a is the per capita consumption of good a by sector i.

bi is the per capita consumption of good b by sector i.

T is a lump-sum tax levied on sector ! and invested in public capital
for sector 2, in units of good a.

K iz the public capital of sector 2, which consists of good a.

€ is the efficiency of public investment in KP.

w measures the maximum lump-sum tax rate which a family in sector 1 will

rt

tolerate, compared tc a base line Kme . where Km is its initial

2Equaticms for the price p get more complicated when we allow more complex
capital inputs or tax schedules. Note, though, that if we were to Include
public capital inputs of type a to sector 1 and of type b to sector 2 each
financed by its own sector, and the government were interested in
increasing the welfare of each sector, either to maximize the objective
function or to meet the welfare constraints, the optimization problem
could be reduced to a problem of the type proposed, where l(1 and K2 would

now represent both private and public capital inputs of types a and b (in
sectors 1 and 2 respectively). In a sense, the AK model, which is often
conceived to take positive externalities into account, can be interpreted
as considering social blocks or sectors as wholes.

12



level of private capital and y is the balanced growth rate of the

system, to be found below.

We follow Barro (1990) and Futagami, Morita, and Shibata (1993) in
the manner of including public capital in the production function ¢2. It
exhibits constant returns to scale with diminishing returns to each
factor, and the benefits of public capital are provided free of charge.
However, we differ in that we consider that the representative production
function 1is kquz[l.KP/Kz) (where l-:2 is per-capita capital in sector 2),
Thus the private production function is homogeneous of degree 1, while the
effect of public capital on production depends on its ratic to the global
amount of private capital in sector 2, with decreasing returns.

The choice of production functions makes sector 1 economically
independent of sector 2, while sector 2 is economically dependent on
sector 1, needing capital inputs form this sector. Since it is the
government that provides them, it is also politically dependent,

We need not state the production functions available to each sector
for producing other sectors’ goods, since these involve disadvantages and
will therefore not be used.

The coefficient €, may include such considerations as government
inefficiency, consumption and corruption. It could also be considered to
include the pursuit of interests specific to the government, including
the wastage involved in government favor not encompassed by public
investment.

We have excluded public services because from a sectorial point of
view in which preferences are uhiform their main effect is to redistribute
resources, and because they involve multiple equilibria (high public
expense with low growth, or viceversa, Jison Lee, 1992) which would
complicate the exposition.

We have supposed that public capital can be provided by the
government completely selectively (the possibility set is Kp = (). That
is, the development of sector 1 has no externalities which could take the
place of the public capital input, and the public capital provided to
sector 2 does not benefit production in sector 1. This is realistic when

the productive sectors are sufficiently different for it to be possible
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for public policy to be discriminatory, as when their needs or location
are different”.

In models of endogenous growth with a single equation of state there
is no a priori limit to the amount of investment which can be made in a
limited time. For symmetry and simplicity, we make the same supposition in
the case of public investment. This has the consequence that optimization
could be enhanced by instantaneous transfers of capital of the same type,
for instance from private to public, which would all occur at time t = 04.
We have chosen not to include the possibility of these transfers, although
they are not altogether irrealistic when a change of political regime
occurs. In any case, as explained above, we are mainly interested in the
steady states of the model.

We consider two cases for the determination of the relative price p
between goods a and b. In the first, the economy is open and p is the
international price, which we shall assume is constant. In the second, the
economy is closed and p is formed in the internal market. In this simple
model the government does not affect the price, since it buys the pgoods it

invests from the sector which it taxes. The market clearing equation is

pbl]’\l1 = azNz. 3.7

This equality also represents the budget restriction for families in each
sector. _

The model consists of a Stackelberg game in which the government
leads and the families of each sectors follow. Each type of player solves

the following maximization problems,

3IncIuding externalities for each of the four types of capital preserves
the dependency of sector 2 so long as for constant returns to scale in
sector 2’s aggrepate production function public investment is necessary.

q . . N . + .
Because the Hamiltonian is linear in 1:1 and convex in the state variables

(see Kamien & Schwartz, 1991, £18).
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The problem for families in sector I:

L+
max U = I u{a ,b ]e-rtdt. a.8
b L o U1

L 1 — —_ _
s. t. l‘:1 = ¢ (kl) nk (al + pbl) T,

where k1 = I(I/N1 is capital stock per capita and T = T1/N1' pit) are

given.

The problem for families in sector 2:

o

max U_ = J- ula ,b )e—'rtdt 3.9
2 2’2
a_,b 0
2' 72
;o g2 T |
5. t. kz = ¢ (kz,KP/KZJ nlrc2 p(a\2 + pbz)

kYl =T N - nk
P P 1 12 P

where l-z2 = Kz/Nz’ kP = Kp/Nz’ are capital stock per capita, T plt) are
given, and we write le = N1/Nz' The equation for kP is included in the
problem for families in this sector for convenience, so that, although it
does not affect their decisions, their optimal utility U: is a function of

T, rather than kP, as in sector 1.

The problem of the government. We suppose that the government announces a

lump-sum tax rate independent of the families’ decisions so that there is
no feed-back in the game. This is realistic in that governments do not
‘change tax rates continuously and greatly simplifies the mathematical

problem since the problem ceases to be one of control with feed-back. Let

* » * L
U1 = U1{T1’p)’ U2 = UZ[Tl,p} 3.10

be the maximum utilities (per capita) obtained by the families of each
sector given a government policy T, and a price trajectory p(t), formed in

an open or closed economy. The governments problem is

»* *
m:l:x uG(Ul,UzJ 3.1
1
. i * * xt
subject to Z =z (U, U)=0, 1 =wk e,
G G 1’ 2 1 10
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and to
{ p = const if the economy is open,

3.10 if the economy is closed.

We consider three functions u.

il

Ul

I. Sector | governs: u

II. Sector 2 governs: u. »

I1I. Shared government: u uG(Ul,Uz} with ucUl >0, v =1, 2.

The initial conditions we consider are that each capital has a fixed

initial value and the usuyal transversality conditions hold.

4 The closed sectorial economy

The mathematical solution of the model, upon which the feollowing
conclusions and discussicen are based, are presented in the Appendix.

In the case of a closed economy the government’s problem (recall
sector 2 1is not taxed) is identical in cases I, II and TII. This Iis
because to achieve a balance in the consumption of both types of goods, in
which the costs of production and therefore the relative price are
optimal, any government will have the same incentives to invest in the
public goods for sector 2. Unless the tax resistance of families in sector
1 is too high to allow it, solutions will converge to a unique balanced

growth trajectory with growth rate

¥ = (Al -1 - ri/e. 4.1
The relative price p tends to a constant price
p = H:é}—g{Al/AZJV -6 4.2
The marginal efficiency conditions
7 =B = PoR 43

where y° = ¢2(1,KP/K2J, hold along the balanced growth trajectory. They
compare private capital investment in both types of capital and private

versus public investment for capital of type a.
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In a closed sectorial economy in steady state, there will be no
incentive for capitalists belonging to one sector to invest in the other,
independently of the seclorial advantages assumed. The efficiency
conditions and prices are the same as in perfect competition.

The distribution of aggregate consumption between sectors depends
only on the relative taste {or usefulness) of each sector's product5 and
holds on any trajectory:

01/':2 = a/fB. 4.4

If families in sector 2 are taxed (see section 11), these conclusions

remain unaltered, except that

BCI = Of:C2 + Tz(a + ), 4.5

where Tz is the aggregate tax on sector 2,

In a closed sectorial economy, distribution will depend on the
economic polential of each sector as determined by the aggregate demand
for its goods, as well as on the initial distribution of wealth., Within
each sector income will be distributed proportionally to the initial
allocation of human and non-human wealth, while the aggregate wealth of
each sector will depend on the aggregate demand for its good. The
productive advantages of each sector will inhibit capital flows from the
other sectors, thus allowing each sector to capitalize on the basis of its
own income.

When sector 2 is not taxed, the balanced growth path implies a tax

rate for sector 1

T /K = e 4.6

1 + N -1
110 Al-n—ar B(1-6}{y+n) 12

If this tax rate is greater than « and is therefore rendered infeasible by
the tax resistance of families in sector 1, even at the maximum taxation
rate « the productivity of private capital in sector 2 will remain less
than in sector 1, the price of good b will tend to increase to infinity,

and the sectorial structure will become unstable when sector 2's

When the producticn functions are more general this result includes
. intersectorial capital demands and net government demands for goods of
each type. Then "usefulness" includes consumption and investment uses.
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productive advantages disappear.

Let us examine the role played by the power attributes of each
sector. So long as the market for goods clears, an optimal tax rate (if
there are taxes) and a ratio of consumption are given, independently of
whether convergence to the balanced growth path has been achieved. A
certain income distribution is guaranfeed independently of any Kind of
political power. Thus the incentives for- political organization are weak.
Income distribution c¢an be modified by tax resistance or by organized
resistance demanding a minimum level of utility, but such demands can only
be met by some form of transfer or subsidy between sectors. Demands for
more utility which depends on organized resistance will have to counter
the tax resistance of the other sectors, which depends only on passive
resistance.

Finally let us outline the mechanisms leading to public investment
and its efficiency. In a closed sectorial economy economic incentives tend
to lead sectors towards a consensus as to the efficient levels of public

investment which are judged by aggregale economic performance.

5 The open sectorial economy

When the economy opens, the economic dependence of sector 2 on sector 1 is
removed, since its inputs and consumption may now be imported. Thus the
sector may itself becomme an engine of growth if we include taxes for

sector 2. Its natural growth rate (see section 12) is
v, = 1a_|a-ope |'® - n - r}se 5.1
2 2 P T
Using 4.2,
¥,5% & p= p 5.2

Thus if the international price is p > p, the engine of growth will be
sector 1 when the economy is closed and sector 2 when it is open. Our
analysis divides into two cases. In the first p = p and sector 2's natural

growth rate at interpational prices does not exceed sector 1's natural
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growth rate, while in the remaining case the reverse holds, 7, > . If the

international economy has the same production functions, equality holds.

54 v, =7 Sector 2’s natural growth rate does not exceed sector I's.

First we describe the models results with zero taxation on sector 2. In
the case of an open economy, both goods are available in the international
market, so there are no incentives for one sector to direct its resources
towards public invest in the production of the other. A public transfer
benefits one sector to the detriment of the other, The model’s solutions
converge to a family of trajectories parameterized by the total present
value of the intersectorial transfer, T € [O,Tmax], whose maximum value is
determined by the maximum tax rate:

T = wA-n7)"K 5.3

max
The feasible set of sector utilities, if it exists, forms a subinterval
along which the utility of one sector increases as the utility of the

other decreases.

Case I. Sector 1 governs. The minimum level of taxation compatible
with sector 2’s minimum utility constraint Zz = 0 will be chosen. This
level must be compatible with sector I’s tax resistance for a feasible set
to exist. If the initial level of public capital Kp is not too high, the
solutions converge to a balanced growth trajectory. If the level of
organized power of sector 2 is so low that the zero public investment
trajectory based on the initial stock of public capital meets the
restriction Zz 2 (O, this will be the trajectory chosen by the government
and there will not be balanced prowth.

If sector 2 were taxed then_ its minimum growth rate would be 72
instead of =zero (unless its tax resistance were to high), with the
remaining results unchanged except that an intersectorial transfer could
go towards sector 1 if public investment in sector 1's production
function, or government services and subsidies for families in sector 1
are allowed., Then every case in which the transfer is from sector 1 to
gector 2 leads to Zi = 0, while in the reverse case taxX resistance may

limit the transfer and 2:2; could be greater than zero. In this last case
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the logic is that sector 1 makes sector 2 grow so that it can obtain more
taxes from it. However, it must be observed that this logic is weak,
because the growth of sector 2 may have consequences in the balance of
power which sector 1 may want to avoid.

Case II. Sector 2 governs. The maximum leve]l of taxation compatible
with sector 1's minimum utility constraint Z; & 0 and with T =
(possibly supplemented by taxes levied on sector 2) will be chosen,
leading to balanced growth at rate y. The tax rate rises to w only If at
this level Zé = 0. Sector 2 will not use its own resources to finance the
public investment, because growth is being force-driven by taxing the
higher growth sector I.

Case III. Shared government. Unless the objective function u.
reflects an equal encugh sharing in government, one or the other . sector’s
objectives will be dominant in the feasible region, with the sign of

duG/dT = uGUlulT + uGUZUZT 5.4

remaining constant (positive if sector 2 is dominant and the government
pushes for the largest possible transfer, negative if sector 1 is
dominant), and the solution reducing to Cases I or II. The condition for
an interior maximum is for this derivative to be zero in the interior of
the feasible region of discounted transfers, and then the solution
converges to a balanced growth trajectory.

Along the balanced growth trajectories the same efficiency conditions
4.3 as in the closed sectorial economy hold. The market for private
capital is in equilibrium independently of each sector’s advantages.

Except in the case when a politically weak sector 2 is initially well
endowed with public capital (as in transitions caused by openning trade),
we reach the following conclusions:

In an open sectorial ecornomy in steady state there will be no
incentive for capitalists belonging to one sector to invest in the others,
independently of the sectorial advantages assumed. The efficiency
conditions and prices are the same as in perfect competition.

A dependent sector not in government will be reduced to the welfare
level it can obtain by organized resistance, its economic size being

determined accordingly, while an Independent sector will obtain the
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maximum of the levels implied by ils passive and iis organized resistance.
Only in shared government will the welfare of all sectors be lifted above
the levels implied by their powers of resistance. Thus in an open
sectorial economy distribution is a resuil of the relative economic
independence and political power of each sector.

If sector 2 is initially well endowed with public capital, is
politically tco weak to demand any more, and has a high tax resistance, it
will follow a negative growth trajectory at rate -n. If it is somewhat
less weak, this period will eventually end and it will rejoin balanced
growth at a reduced level of size. If sector 2 has tax resistance low
enough that the proceeds can be used to finance its public capital needs,
it will grow at rate (N transferring income to sector 1 to the limit of
its tax resistance but with a level of utility possibly higher than its
organized resistance would guarantee.

Finally let us outline the mechanisms Ileading to public investment
and its efficiency. In an open sectorial economy public investment resulls
from organized political pressure. In trying to minimize the costs of
meeting welfare demands, the government will tends towards the usual

ef ficiency conditions.
5B Sector 2's natural growth rate exceeds sector 1's.

As a result of optimization sector 2 will grow faster than sector 1. Thus
a steady state cannot be achieved. Sector 1°s production function becomes
relatively useless, Some change must happen, either in the sectorial
structure, or in the production functions. The model can be thought to
predict qualitative historical change in the political system or in the
economy. If initially sector 1 is in government, it is likely that its
hold on power will weaken while sector 2 will grow stronger. Scine examples

shall be given below.
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6 Discussion of the mode]l and some of its consequences
64 The government as sector

Consider the government, which can often be conceived of as a separate
sector, as the first sector (it produces social organization, collective
action, normative cohesion, power brokerage, law and order, conflict
resolution, contractibility, national identity, etc.) and the productive
sector (or any subsector) as the second sector. Then the income of the
productive sector depends on the allocation of goods from the second
sector that it receives. This models the basic dependence of any

productive sector on the government.
6B Trade liberalization of sectorial economies

We first consider the case 7, = ¥ in which sector 2's natural growth rate
does not exceed sector 1's.

We have found that income distribution, the incentives for political
organization, and the mechanisms and efficiency of public investment
differ substantially in closed and open sectorial economies. Thus we ask
what happens when a closed sectorial economy in a steady state decides to
open. Besides the direct economic effects of trade, which depend on the
economy’'s relative  advantages, what are the effects of 1trade
liberalization?

We shall answer this question supposing that first the economy opens,
then the government modifies its intersectorial public policy according to
the new structure of incentives, and finally the political structure

changes. We first suppose that the international price equals p.

Case 1. Bector 1 governs. Let us first suppose that income in sector
2 has been based on market earnings and either no political power or on
tax resistance limiting transfers to other sectors, and that therefore the
incentives for organized resistance have been small. When the economy
opens, the incentives for the government to invest in sector 2 disappear.

Sector 2 will not have the organization to demand from the government the
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amount of public investment it used tc receive when the economy was
closed. Until it is able to organize politically, public investment in its
sector will be replaced by consumption in the other sector. Sector 2’s
utility will fall, and it will cease to invest, even consuming some of its
capital. It may devote resources to becoming politically organized, since
its economic size will depend on its political power. It may be that
sectors which were viable (and efficient) in a closed economy are unviable
in an open one because the cost of exercising political power is too high.

In all of the remaining cases no change occurs because income is
already allocated according to political power,

If the international price is different from p both sectors will
continue to produce, but the income and power of each sector will change,
so there will be a period of political adjustment. Public investment and
therefore the steady state level of income will adjust correspondingly.

Kenzo Abe, 1990, shows that in the presence of public inputs, ceteris
paribus, the level of public input will strengthen the comparative
advantage of the good enjoying the largest spillover from it. Hence we can
conclude that the comparative advantage of sectors requiring public inputs
will be a function of their political power.

Summarizing, trade liberalization can represent a formidable blow to
sectors depending on public inputs but not counting with the political
organization to obtain them. For these sectors liberalization will change
the political status quo. The income which could be previously based on
market earnings and at most a strategy of passive resistance to avoid
intersectorial transfers can only be attained now by a strategy of active
political participation. If most public investment used to be allocated to
such dependent, under-organized sectors, the resulting political change
will be deep. What before could be decided by the leading sector on the
basis of cost-benefit analyses now becomes the subject matter of intense
power struggle based on political organization. Last but not least, if
such a trade liberalization policy is accompanied by a laissez faire
policy seeking to leave adjustments to the markets and to diminish

government participation in the economy (providing an excellent alibi for
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the selective cutting of public investment), the effects on politics and

trade will be even stronger.

Let us now consider the case 7, = y when sector 2's natural growth
rate exceeds sector I’s.

In this case trade liberalization will lead to a higher growth rate
in sector 2 than in sector 1, and this should lead eventually to an

increase in the power of that sector.

We believe the Case 1 scenario to be of relevance for many viable (as
well as unviable) sectors which are not necessarily the driving growth in
the economy in less developed countries changing from an import
substitution te an cpen economy model of development, as in the case of
Mexico. Sectors whose growth has been inhibited, and which could drive
growth, however, may benefit from free trade and eventually even become
engines of growth. The effects on the first sectors, however, can provoke
an unstable political juncture which may have to be dealt with first. If
the government is considered as a sector (as outlined above) 1t may
survive by changing its system of alliances and priorities until it is
more responsive to the needs of the emerging sectors, or it may be that
the political organizational requirements of the emerging sectors involve

deeper changes in the nature of the government.
6C  An increase in protectionism in sectorial economies

When sector 2's natural growth rate does not exceed sector 1's, an
increase in protectionism will tend to reduce organized resistance.

Protectionismn may be used to change the engine of growth from one
sector to another. The conflict between sectors involved in such changes
may go as far as civil war. Such an analysis may through light on the
American Civil War. The following quotations and account are from Olson,
1992, pages 106 and 32.

"Although historians in general have long seen the Civil War as the
pivotal event in U.S. political history, economic historians in particular

see the Civil War as a key event in the evolution of the American
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political economy. In those terms, the federal government assumed a rnuch
broader role in American economic life than ever before, When Southern
Democrats walked out of Congress in 1860 and 1861, the Republicans were
finally able to enact fully Henry Clay’s "American System”. They passed
the Morrill Tariff of 1861, and its revisions in 1862 and 1864
substantially raised tariff levels." Western settlement was also promoted,
currency and financial markets centralized, and railroads authorized. The
American System "advocated a comprehensive program of federal legislation
designed to unite the various sections of the country. (...) a high tariff
on foreign goods in order to stimulate American industry (...) wvigorous
federal development of recads, canals, and river system in order to be able
to deliver the geods all over the country., Food would head from west to
east and manufactured goods from east to west."

By closing the economy the Northern industrial sector (which
otherwise had disadvantages with Eurbpe) became a growth engine, changing
the balance of power between North and South and involving the West with
the North in an economic dependency relationship. The South had previously
been growing in a system involving trade with a European engine of growth,

from which it was cut off, transfering its dependence to the North.
6D A comment on the EC

"Many researchers have asked ‘has the EC increased world protectionism?’"
(Winters, 1994). Our results imply the following point: since the
countries participating in the EC are open to each other, the incentives
for political organization in each country for sectors requiring public
inputs are high. Once political organization is achieved, though, these

sectors lobby for trade tariffs with respect to countries outside the EC,

6E Effects of technical change on the political system

Historians often analyze transitions of political systems or changes in
hegemony in terms of economic causes driven by technical change. One of

the motivations behind the sectorial model is to be able to deseribe the

economic logic behind such analysis. We have seen that the specification
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of the production functions implies relations of economic and political
dependence, as well as defining the leading sectors in terms of growth.
Transitions in which a dominated sector undergoes technical change and
eventually obtains hegemony are described by our model by specifying the
sectors and production functions before and after the technical
transition. Some new or old sector which was not dominant may have a
higher growth rate, maybe combined with a lower rate of dependence which
is able to resist transfers of wealth, which will ensure the growth of its
capital! and - by means unexplained by our model - its eventual access to

power.
6F Fragmented perfect competition

The theoretical results of the fragmented perfect competition model are
interesting in themselves. Fragmented perfect competition means that the
economy is divided intoe fragments each of which specializes in the
production of some good, for which it has advantages with respect to the
other fragments, but the fragments are large enough that there iz perfect
competition within each of them. The results show that in this market
scheme a different Pareto optimum is achieved than in perfect competition.
Distribution does not occur according to the initial allocation of total
wealth but according to the economic potential of the fragments in
question. Within each fragment distribution of capital income occurs
according to the [nitial allocation of capital, but the aggregate
sectorial capital income depends on the fragment’s economic potential.
Wages could reflect a similar structure, if there are barriers to the
mobility of labor, or there could be a uniform wage, The closed and open
cases of SeCtor‘ials economies give two examples of such a meodel, in which
this economic potential is defined differently. In the closed case the
relative demand for each fragment’s product determines its aggregate
wealth, while in the open case political power and economic independence
determine aggregate wealth. Income is distributed in this way because the

productive advantages of any fragment inhibit capital flows from the

“uSectorial" includes the political dimension while "fragment" does not.

26



others, allowing it to capitalize on the basis of its own income. The
advantages do not determine the resulting steady state, which is stable
within a corridor of fluctuations whose width depends on their size.

Considering that power often alters market structure, only the weaker
effects of power on income distribution are modeled by fragmented perfect
competition - Wwe still have efficiency. Nevertheless this approach
provides a way to represent these with the tools of perfect competition.

An important result following from the hypotheses of fragmented
competition (which apply to the sectorial structure) is that the
productive advantages which form a logical component of the concept do not
affect any of the equilibrium quantities. The sectorial structure is
stable before competition because there is no incentive to brake it. It
will change only when fluctuations become too large. Here it is worth
mentioning that the process of change may be very complex. A sector may
invade the domain of another sector in amoeba like fashion, covering the

entry costs in certain regions only.

7 Final remarks

The introduction of a sectorial structure in a model of endogenous growth
has provided a rich structure full of intuitively appealing results
relating the political properties of sectorial systems to their economic
performance in income distribution and growth. The elements of economic
optimization, namely, objectives and restrictions, relate naturally to
aspects of political 'power which derive form collective action of
different levels of complexity. We have called these the powers of passive
and organized  resistance, and socially organized power, This
clasgification provides a point of entry for endogenizing the peolitical
system. That these levels of power are related to the costs of collective
action, alse throws light on how limits are set to power.

The model of fragmented perfect competition has provided a means to
treat market imperfections with the tools of perfect .competition. The
model yields a Parete equilibrium different to the one resulting from

perfect competition but with the same efficiency conditions and prices.,
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Distribution depends on the economic potential of each fragment which can
itself be modified by policies resulting from the exercise of political
power.

The importance of whether an economy is open or closed is striking,
structurally determining the mechanisms and incentives for the allocatieon
of public goods, the economic potential yielding the income distribution
between sectors, and the incentives for political organization.

For the present, our study has viewed the political system as
exogenous to the economic system. However, the aim is to build a framework
into which more structure can be introduced, such as games between sectors
and the government in the political arena, which may affect growth, costs
for collective action leading to political power and determining its
eXercise, and so on. Peolitical transitions, income distribution and growth
may then be modeled in terms of the incentives resulting from different

power structures and the costs of achieving them for different sectors.

Appendix. Solution of the model
8 The families’ problem

We apply Pontriagyn’s Maximum Principle. The Hamiltonian of the problem

faced by the families in sector 1 is
1 _ -rt 1 _ _ _ _
H = u(al,bl)e + Al [q& (kl) nk1 a pb1 1'1]. 8.1

Here p and T, are parameter functions external to the problem. The first
order conditions are:

t -rt

-r
ua[al,blle = ?Ll, ub(al,bl}e = pAl. 8.2
A’ =-H =I(n-¢ N 8.3

1 l‘c1 - ¢k1 1 '

Substituting the definition of u (see 3.2), 8.2 implies
-/e -e
_ B, rt - 1-o, rt

a1 = ca[p }\le ] . l:.'1 e cb[p Ale ] 8.4
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where

c = [Eﬁgf)l/"‘ = (E}l/“ 3.5
a 1-¢ ' "h 1-¢ ’ )
From these equations we obtain
al,f'b1 = (a/Blp. 8.6
Therefore
c = CI/N1 =1+ B/m)al 8.7
and the behavior of families in sector 1 is represented by
¢ _ a1 _ _ _ :
k1 = ¢ (kl) nk1 c - T 8.8
ci/cl = [qb;{ -n-r - Bp’ /D). 8.9

1

The Hamiltonian of the problem faced by the families in sector 2 is

2

_ -rt 2
H" = u(az,bzle + Az[gb

1
- nlc2 13{32 + pbzl] + ?tp[eptll\llz - nkp] 5.10

The first order conditions are:

-rt ~rt
ua(az,bzle = ?lz/p, ub(az,bzle = ?Lz g.11
A =(m-yA, A =nma - ¢ A 8.12
2 2’ P P kp 2 '
where y‘:z = q&z[l,kP/kz}. From the first two equations we obtain
-1/o -1/
_ B-1, rt - . Tt
a2 = ca[p ?lze ] s 1:32 = cb[p Aze ] , 3.13
az/b2 = (a/B) p. 8.14
Therefore
c, = Cz/Nz = (1 + B/oc}az. R.15
c‘z/cz = [{I—B)p’/p + lﬁz -n- rJ/o. _ 8.16

In the case of an open economy p is constant.
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9 The government’s problem in the case of a closed sectorial economy

Let us first examine the price in the case of a closed economy. Writing

N = N/N_, from equation 3.7
12 1 2

p= aZXbINIZ

Equations 8.6, 8.7, 8.14, 8.15 and 9.1 imply
as/a =bsb =c¢/c =a/{N BA)
1 2 1 2z 1 7z 12

9.1

9.2

50 the distribution of total consumption by sector is proportional to the

marginal utility of its product. These identities yield

_ _ o1 B _ -
pAI/?Lz = ua(al’bl)/ua[az'bzl = (al/az) {bl/bzl = {cx./NIZB) . 9.3

Now write down the total physical products of each sector,

= + =
a=a azNzl’ b b1N12 + b2

[N21 = Nz/Nl]' In terms of these p can be written

B o« .y - B3
P = a /{b N ] a+Blea/{mb) - “—lez.

The ratlo of total physical consumption corrected by the

utilities, determines the price p, while
Cl/'C2 = CINI/[CZNZ) = ale/[pb} = «/B.

Each family's utility can be written:

1-0*0:{3 -B

ua,b) = o2 TN,
- 54 1—0“ B, .o

u(az’bz} Hr(a+B ch N

Deriving 9.1 logarithmically and substituting a'z/az, b;/bl,
¢ t 2
p'/p = ¢k -y
1
Substituting in 8.9 and 8.16

i — pnf _ I 1 2 _ -
a‘'/a = cl/c1 = c:zz-"q::2 = [{1 B)q&kl + By n r] /o

b’ /b = [(l—alwz + mﬁl; -n- r]/o‘
1

30

9.4

9.5

marginal

9.6

9.7

9.8

2.9



We turn now to the government’s maXimization problem. Equations 9.7
imply that maximizing U1 is equivalent to maximizing Uz' Both, as well as

any function UG are maximized by maximizing

(1]
vV = J- 1 o BTty 9.10
G 01-[}‘

Therefore the government’s problem is identical in cases 1, 1T and III
(see 3.12). Thus we can write the government’s problem as
m:‘x VG sub ject to pblN1 = azNz' .9.1H
1

* »
The precise identity holding between Ul and U2 is

X " h (N_gra)'™
:cUl[tl,p} = szrl.p), where Kk = 123 @) . 9.12
This suggests solving problem 9.11 by considering the associated prablem
* * »®
max Ul(-rl,p} subject to Uz{'rl,p} = x:Ul(-rl,pJ. 9.13
T ,p

1
That is, instead of considering the market clearing condition we suppose
the price to be exogenous and ask only that the ratio of optimal utilities
hold. All tax and price trajectories considered in the original are also
considered in the associated problem. We shall show that the price
trajectory optimizing the associated problem Is the market clearing price,
thus the optimal tax trajectory for the asscciated problem also is optimal
for the original problem. Writing the Lagrangean (in functionals) for the

closed economy (we use the index "¢" for closed)
E L3 * *
c('rl,p;r.l) = U1{T1'p] + nc[chl[tl,p) - Uz('cl,pl]

xt

e +]
) 1
+ Iouctl + uc{wkme - -cljdt. 9.14

Here n ug[t), ui(t], are Lagrange multipliers with the usual conditions

Uak "
'l‘]c[K. . Uz] =0

0 1 rt 0 1 7t 9.15
BT o= pc{wkme - '.'.'1} =0 B, B, T, wkwe -t = 0.
For independent variations 1.‘1(51) or p[szl,
[41]
— _ _ o _ 1 .
0 = .@Csl = J-O{ncePleJlP (l+x'r.lc)hl R uc}rlsldt \9.16
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0
-2
0=¢_ = I {‘ncth a - (1+mc);»t1bl}ps dt 9.17
2 0 2
Therefore, writing ‘nf: = nc/(lﬂcnc]
0¢t Cuwk e & A =n'eN A,
1 10 1 ¢ P 12 P’
0
T =0 ¢ A >neN A,
1 ot 1 c P 12 P 9.12
o= Mkwe ® hl < T"c PleaP
O" 1- U‘

o, -2_ .
Ab =mAp‘a,ie pbN /a =mn (OC/B)

(using 9.3). Applying the same argument that led to 9.7 we must have

0 o\ 10

n (BN " =1 9.19
to satisfy the utility constraint 9.12. Thus the market clearing condition
is one of the first order conditions for the associated problem, which as
we saw therefore golves the original.

The case 0 < 1: £ wk e‘yt

The remaining first order condition in 9.18 is the efficiency
condition for the investment of capital goods of type a, which states that
the shadow price of its private investment in sector 1 should equal its
shadow price as public investment in sector 2. It implies

= Al./hl - RP/A ¢k A /7\ - Al. 9.20

By equations 9.3, 2.18, 9.19,

AZ/AP = pe, 9.21
Thus equation 9.20 implies
1/8
kP.f’k2 = [(l-e)pep(AZ/All] . 9.22
Substituting in equation 9.8,
. _ _ _ (1-8)/6 148
P’ = Alp [(1 BJCP/Al] [Azp] . 9.23
Thus p converges to an equilibrium value
) (A A )" (-0 9.24

p= {19}
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At thils value 9.20, and 9.21 or 9.8 imply the following two efficiency
conditions as equilibrium relations

A v A
W= pepc,t-kp Al 9.25

Convergence to equilibrium is also convergence to balanced growth because
9.25 and 9.9 imply that c, and c2 grow at rate y. Along the balanced path

1/(1-8}

k/k = (A /A) 9.26
2 P 2 1

We can now complete the solution of the balanced growth path. To do

so we use the equations of physical (rather than monetary) flows:

k! = Ak -nk -a--T<
1 11 1 1

s 2 - —
k2 ] (kz,kP] nk2 b

k! =egTN _ -nk_ 9.27
F r1 12 P

a’‘/a = [(I_B}¢ll( + ,8:,!;2 -n- r]/o‘
1
b’ /b = [(l—oc)wz + 0(43;: -n- r]/o*
1

Write the solutions of the balanced growth path for the closed economy in
the form

C

= k% e?" k% = k° e?t k= k° et 2% = a%e?t b = b;e"*t. 9.28

k ,
1 10 2 20 P PO 0

The following equations must be satisfied, besides 9.26:

c

A -n-9k =a+
(1 n 7 10 0 th

(A —n-z}kc =h°
1 20 a 9.29

c c
+ =
( n)kFO ePtlole

€ aCy _ =
(B/oc}faﬂ/bo} =p

These give a one parameter family of proportional solutions which can be

parameterized by 1::0 as follows:

co_ 1 ¢4 c
klo - [Al—n-—;r * B(l-e}(‘aﬁn)le]TlO

14-8)_ ° N /ly + n)

kK =(A/A)
20 2 1 P 10 12
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=g 1 N /ly +n) 9.30
PO P10 12

a(Al—n—'J)le

L+

0o - Bg{1-8)(y+n) Ti0

Lt]

¢ _ 1/(1-8)

bO

<
{A1 -n- 'J][AzfAl] €T N 2/[’{ + n)

P10 1

The cases '.':1 =0, T, =wk

To consider these cases let

C=eNAA, E=2/, 9.31

The first order conditions 9.18 then read
0<T <wkm-.=:'art e C =1,

T =0 » <1, 9.32

T =wk e & 51
1 10

We write T = kaeart where ¥ is O or w. Then kP can be solved in 9.27,;

kK = (k —LeNzxk e Mt o e N yk et 9.33
F PC  ¥+n P 127 10 a+n P 12710

In the case ¥ = O we shall prove that if Al is large enough the condition
£ < 1 cannct be maintained over an infinite Interval, while in the case ¥
= @ we shall show that if { = 1 is not reached in finite time, the
trajectory converges in any case to a balanced growth path.

In the case ¥ = O define _Ez = kze-nt, EP = kPe_nt, b = be—nt. Then

5/ /b = [(l—ocll.bz +aA -n - r] /e - n,
K = ¢%k k ) - & >34
2 2'"pPo
By the kind of analysis usually applied to the Ramsey model, there is a
' unique path converging to a steady state at which the right hand sides of
equation 9.34 wmust be zero. This implies wz < Al ir Al > n(l+gr, in
other words, if ¥ > n, because at equality the right hand side of 9.34 is
positive. Now consider the differential equations for & and £ (obtained
from 8.3, 8.12):
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/6 = ¢ £~
" 9.35
g = Agl - Eu;ka/Al}.

We seek to show that ¢ < ! increases to 1. As Ez/kpo converges, it is
clear that £ 3 @ or ¢12( £ > lpz < A1' In both cases { tends to zero. Thus
P

any interval with T, = 0 must be finite and ends with £ = L

t g t

In the case ¥ = w define Ez = kzema‘ , EP = kpe_ﬂ, B =be " Then

B/b = -aw” - Ao,
k= ¢k k) - . >3
2 2P
Again there is a unique path converging to a steady state at infinity at

which the right hand sides of 9.36 are zero so y° = A. From here we can

show that, if £ = 1 is not reached in finite time, wz - AI must be
integrable over the infinite interval. Hence the equation for a= aeh?t,
~ 2
a‘/a = [1—{3)(1&l - Ve 9.37
. . o~ -yt
is also integrable, and sco is the equation for kl =ke ? ,

1':1 = (A1 -n- :r}k1 - a - wklo. 9.38

Since a converges, it is clear that there is a unique trajectory El
satisfying the transversality conditions and tending to

limk =-—2L (lim 2 - wk ). 9.39
1 A -n-y 10
2w 1 tom

Finally, we sketch a proof that the case £ # 1 can only occur on an
interval with initial point t = 0. This we do by comparing with the
problem in which instantanecus transfers of capital between K1 and Kp are
possible (although we conserve the restrictions on 1.'1}. This problem is
characterized by the initial condition ¢ = 1, which is equivalent to the

initial condition V = &N V on the. value function. Given these
le P 12 GkP

initial conditicns there is a unique scolution with £ = 1 which involves no
initial jump and also no further jump, by a modification of the proof in
Kamien & Schwartz, 1991, §18, since the Hamiltonian is convex in the state

variables. Wherever { reaches 1 the solution without jumps takes over.
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Thus solutions may begin with T = 0 but after a finite interval they
continue with one of the other solutions, which we have seen converge to

balanced growth.

10 The government’s problem in the case of an open sectorial economy

In the case of an open economy the families behave according to
ki =(A -nk -¢ -7

10.1
c’/c =(A -n-r)e
1" "1 1
o .2 _ _1
ky = 9", k) - ok, - e,
k¥ =g TN -1k 10.2
P P L1z P

. - 2 _ _
c /e, = (g (kp/kzl n - r)/e

This system decomposes into two independent systems each determined by the
function T When taxes increase, the first sector's utility decreases

while the second sector's increases. For a variation tl(s],

» 4] » [+1]
U =—IJ\-: dt, U =JeNA‘r dt. 10.3
18 o115 25 01='121='1s
Therefore
1 1 * 1 *
Z =z 1 +z U <0, 10.4
Gs GU1 1s t;U2 28
{+) (=) (-) (+)
2 2 * 2 *
ch = ZGUluls + zGU2U29 > 0. 10.5
(-) (=) (+) (+)

Given a function u, (corresponding to one of the cases of government}) we

can define a Lagrangean for the open economy (we use index "o" for open)
* 1,1 22
20[1‘1,1}1,1}2] - UG(U1’U2} * T:'OZG * HOZG

7t

0
0 1
+ fuuotl + po[wkme - 'cl)dt 10.6

Given a variation tl(s}, for O ¢ ‘rl < wkmew the first order condition is
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m
- _ 11 2.2 .
0 .i‘ios['rl.nl,nz) (UGU tmZ ot nozGUl)I[Ul.UZ)jOA1rlsdt
(+} (+) {-13

11
U T MZu T noZGU ]I(U U )_[ SPlehptlsdt 10.7

{+} (-) (+)

+ (u

Because Ai and ?LP are positive, in every case we must obtain the existence
4] \

of some constant n > O for which
(&)

l = nDCPNIERP 10.8

Differentiating we obtain 9.20. Writing £ = AZ/AP (in the case of the

closed economy we could use p)

_ _ 1/6
k/k = [(1 B)E[Az/Al}] 10.9

£ has the differential equation

. _ 2 _ 2 _ _ 1
§/€ = ¢kPE ¥ =A -5 lkp/(rfk )

€ = AE - [Azgl”e[u-eml] t1-68 10.10

The solution converges to
£ = .,32/61"; = [(1—9)1‘9A2/A1]“” . 10.11

P

At this equilibrium value

¥ =9 E = A 10.12

1
Thus at equilibrium both sectors hav.r:P consumption growing at rate ¥, so
the equilibrium corresponds to balanced growth. Private capital satisfies
the same efficiency condition as in the closed case. Public capital also
satisfies this condition if the exogenous price satisfies p = §/ep.
The balanced growth path satisfies equations

0 o

0_
{Al—n ‘ar)klo—c + T

(A - n - k% =1
! p 10.13
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Parameterizing with T:{)’ the solutions are

o [*]
=T N Alr +
PO Plolzu n)

o _ 1/(1-8)
kzn - [Az/Al]

k

o
et N /Ay +n)
P 10 12 10.14

o _ _ _ 1/01-8) o

c, = PA - n - yIA/A) et N,/(¥ + n)
o 2] [+]
“10 = (Al n-= ﬂklo Tio

T:G is set to satisfy the minimum utility constraints of one or the other
government, unless in the case of a shared government the government’s
objectives are maximized in the interior of the set of feasible utilities.

Now let us suppose T = Q. System 10.1, 10.2 has a solution in which
sector 1 grows at rate ¥y and sector 2 converges to a trajectory growing at
rate -n. Even so sector 2 has a certain utility which may satisfy the

"' gives a solution in which

political constraints., Similarly T = wkwe
sector 1 grows at rate ¥y and sector 2 converges to a trajectory growing at
rate y. These two possibilities define the extremes of the distribution of
wealth between the sectors. In between we will get solutions which may
have T, = 0 in an initial finite interval, as In the closed case, and
which then converge to balanced growth.

We sketch a proof that the set of optimum values forms a one-

parameter family which can be parameterized by the total discounted

transfer
0 4]
T = J' Te AV = N I re Ay 10.21
1 10 1
0 0
Given a variation 1:1[5)
o N 1] N *
T =N [z e® ™Mty o 19 ¢ gt = - 2%, 10.22
s 10 15 A 18 A 1s
0 19° 0 10

*
This implies that U1 can be parameterized by T € [O,Tmax], where

-1
T = w(A1~n—a'J Ko 10.22

max
is the discounted transfer corresponding to the maximum tax-rate. On the
other hand it is clear from the maximization procedure that one value of

* *
U2 corresponds to each value of Ul.
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i1 Sector 2 taxed in the closed case

Suppose sector 2 is taxed in the closed case. The modified equations for

k and k_ are:
1 2

[ — 1 - —_ —_
ki =¢ {k1] nk (a1 + ple T, *T, o

;o L2 _ _1 L
ky=¢ (kz’KP/Kz) Iﬂ(z p(az * pbz} pTZle
Modifiying the Hamiltonian of each representative family accordingly, when

we solve problem 9.13 (now maximizing in <, 1:2) we get in the

unrestricted case 0 { T < wk ea't. 0<ir ¢wk e .
t 10 P2 2 20
_ .t 1
?tl = ncePlehp, Al nchzhz/p, 11.2
Ab =nApia +T.N_). 1.3
11 ¢ 2 2 2 12

In this case the market clearing condition is

pbN =a + TN , 11.4
112 b z 12

which is obtained together with 9.19 as before from 11.3 using 9.3. Now
11.2 implies 9.20, 9.21, and 9.22. We now get 10,10, 10.11, 10.12. and
therefore convergence to a balanced trajectory with the same equilibrium
price p. Now we shall have from 8.6, 8.7, 8.14, 8.15S and 11.4,

.BCl = och + Tz(oc + B). 11.5

12 Sector 2's natural growth rate in the open case

Suppose sector 2 is taxed in the open case. Then the problem a government

faces when maximizing its utility based on sector 2 financing the public

capital is
-rt
max U = Fu(a ,b e " dt 12.1
2 2" 2
T,a_,hb 0
2 2 2
;2 _ _1 L 2
5. t. k2 = ¢ (kz.KP/KZ) nlsc2 p{a2 + pbz) p{rz + ‘rz)

1
k! =g 1 - nk
P P Z P
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where 'r; z 0 are per-capita taxes used to finance its public capital and
Tz is a per—-capita intersectorial transfer, which may be of either =ign.
Using the appropriate modification of Hamiltonian 8.10, equations 8.11,

8.12 and 8.16 are found to hold, together with the condition

Ly =ae. 12.2
p 2 PP

Differentiating equation 2.2, and using equations £.12, we obtain the

efficiency condition for public investment,

¢> = pe ¢ . 12.3
P kp
Therefore
lcp/k2 = (1—9]pcP 12.4
and, substituting in B8.16, the natural growth rate of sector 2 is
=Ja lu-epe |"® -0 -rlre 12.5
¥, = 2 PE, : '
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