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Abstract

This paper analyzes the impact of both permanent and temporary tied transfers on the growth and
macroeconomic performance of a small recipient open economy. We show how there is a sharp
contrast in the effects of traditional pure transfers and transfers tied to investment in public
infrastructure such as adopted by the European Union in its Structural Funds and Pre-accession aid
programs. A permanent pure transfer has no growth or dynamic consequences. It is always
welfare-improving, the gains varying positively with the size of the government, when the stock of
debt and the benefits of debt reduction increase. A tied transfer generates dynamic adjustments, as
public capital is accumulated in the recipient economy. lts effect on the long-run growth rate, and
the extent to which this is beneficial, depends upon the initial size of the infrastructure in the
economy, as well as any co-financing arrangements. These contrasts also apply for temporary
transfers, in particular on the transitional dynamics in the two cases. Whereas a temporary pure
transfer has only modest short-run growth effects and leads to a permanent deterioration of the
current account, a productive transfer has significant impacts on short-run growth, leading to
permanent improvementsin the levels of key economic variables including welfare and the current
account, thus validating the position taken by the EU.
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1. Introduction

Investment in public infrastructure is widely recognized as being an essentia
component of economic development and growth. Services associated with the use of
infrastructure account for roughly 7 to 9% of GDP in low and middle-income countries.
Infrastructure in these countries typically represents about 20% of total investment and 40
to 60% of public investment.® The stock of physical infrastructure is thus an important
input in the production process of such economies, raising the efficiency and productivity
of the private sector, and thereby providing a crucia channel for growth, distribution of
output, and ultimately higher living standards.

The issue of infrastructure has recently assumed a centra role in the context of the
expanding European Union. In several instances, the per capita level of GDP of joining
members to the Union has been below the EU average. For example, in 1988, the per
capita GDPs (in purchasing power parity) of Greece, Ireland and Portugal were only 54.4,
64.6, and 53.8%, respectively, of the EU average. Moreover, these countries were also
experiencing low growth rates that even exhibited tendencies to decline. As a
consequence, the EU introduced pre-accession aid programs to assist these and other
potential member nations in their transition into the union. This process of “catching up”
began in 1989 with a program of unilateral capital transfers from the EU through its
Structural Funds program, and subsequent programs were introduced in 1993 and in
2000. These assistance programs tied the capital transfers to the accumulation of public
capital, aimed at building up the infrastructure of the recipient nation, and thereby
enabling it to maintain a growth rate compatible with that of the European Union.

How the investment in infrastructure is to be financed is important. A significant
source for the financing of investment in public infrastructure in resource-constrained
developing economies is externa financing. Such financing could be in the form of

borrowing from abroad, or through unilateral capital transfers, as in case of the European

! World Bank (1994).



Union. But at the same time, it is aso likely that external assistance and borrowing will
not meet the total financial needs for public investment, and hence domestic participation
by both the government and the private sector is aso important.

The objective of this paper is to anayze the process of developmental assistance
in the form of tied-capital transfers to a small growing open economy. The model has the
following key characteristics. First, the assistance is tied to the accumulation of public
capital, which is therefore an important stimulus for private capital accumulation and
growth. Second, we assume that public investment in infrastructure is financed both by
the domestic government, as well as via the flow of international transfers, thereby
incorporating the important element of domestic co-financing, characteristic of the
European Union. The international transfers are assumed to be tied to the scale of the
recipient economy and therefore are consistent with maintaining an equilibrium of
sustained (endogenous) growth. The mode is sufficiently general to include the
possibility of a third source of financing public infrastructure, the private sector of the
economy. By taxing private firms, and spending a fixed proportion of those taxes in
financing new infrastructure, the government can ensure the private sector’s participation
in building up the economy’s stock of infrastructure.

We assume that the small open economy faces restricted access to the world
capital market in the form of an upward-soping supply curve of debt, according to which
the country’s cost of borrowing depends upon its debt position, relative to its capital
stock, the latter serving as a measure of its debt-servicing capability. This assumption is
motivated by the large debt burdens of most developing countries, which give rise to the
potential risk of default on international borrowing. Indeed, evidence suggesting that
more indebted economies pay a premium on their loans from international capital

markets to insure against default risk has been provided by Edwards (1984).

2 The efficient use of infrastructure is a further important issue. For example, Hulten (1996) shows that
inefficient use of infrastructure accounts for more than 40 percent of the growth differential between high
and low growth countries.
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Both theoretical and empirical interest in the impact of public capital on private
capital accumulation and economic growth originated with the work of Aschauer (1989a,
1989b).2 Most of this literature has focused on closed economies, using both the Ramsey
model and the AK endogenous growth framework; see e.g. Futagami, Morita, and
Shibata (1993), Baxter and King (1993), Fisher and Turnovsky (1998). Turnovsky
(1997a) extends Futagami et. al. to a small open economy and introduces various forms
of distortionary taxation, as well as the possibility of both external and internal debt
financing. Devargjan, Xie, and Zou (1998) address the issue of whether public capita
should be provided through taxation or through granting subsidies to private providers.

The question we are addressing is closely related to the “transfer problem”, one of
the classic issues in international economics, dating back to Keynes (1929), Ohlin (1929),
Pigou (1932) and Samuelson (1952, 1954). This early literature was concerned with
“pure” transfers, which could be in the form of an unrestricted gift or as debt-relief. It
suggested that in a two-country world with stable markets and no distortions,
international transfers, through their effects on the terms of trade, impoverish the donor
and enrich the recipient. But the incorporation of distortions or a third nation into the
framework can lead to a reversal of these welfare effects” Recent research on the
transfer problem has focused on further aspects of the welfare effects of internationa
transfers. Turunen-Red and Woodland (1988) show that a Pareto improving multilatera
transfer exists only in the presence of a tariff distortion. Haaparanta (1989) argues that
the effects of transfers depend upon their mode of financing and disbursement, and may
be different in the short run and the long run. Brock (1996) employs a dependent
economy model and shows that a small economy’s macroeconomic adjustment to a
transfer depends upon the relative capital intensities of the traded and non-traded sectors.

By contrast, our analysis focuses on “productive’ transfers, the use of which is

tied to public investment. However, the formulation we develop parameterizes the

3See Gramlich (1994) for a comprehensive survey of the recent empirical literature.
* See for example, Bhagwati et. al. (1983, 1985), and Galor and Polemarchakis (1987).
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transfer so that we can conveniently identify the pure transfer and the productive transfer
as polar cases. We embed the transfer in an intertemporal framework, thus enabling us to
compare both the short-run and the long-run effects of the two types of transfers on the
dynamic evolution and growth rate of the economy, and ultimately on welfare. Both
permanent and temporary transfers are analyzed. Indeed, in light of the fact that typical
transfer programs, such as those operated by the EU are only temporary, this latter case
becomes particularly relevant.

Because of the complexity of the model, most of the analysis is conducted
numericaly. In genera, the impact of a transfer on the economy depends crucialy upon
(i) whether or not it is “pure’ or “tied” to public investment and (ii) how the government
responds. The main results of our model include the following. A permanent pure
transfer has no intertemporal effects; it simply raises current consumption
instantaneoudly, raising welfare correspondingly. By contrast, a tied transfer generates a
dynamic adjustment. But whether it benefits or harms the economy depends upon its
initial stock of public capital. In the most relevant case, where the economy is under-
endowed with public capital, a tied transfer will raise the growth rate permanently and
will raise welfare by a larger amount than if the transfer is pure. However, if the
recipient economy is relatively well-endowed with public capital, a tied transfer may
reduce the growth rate and be harmful. In that case, the economy can still be made better
off with a pure transfer. In any event, the economy can always convert atied transfer to a
pure transfer, by a corresponding reduction in its own participation. Furthermore, we
show how the government can maximize the benefits of the tied transfer by the
appropriate coordinated determination of its expenditure and tax rates. On the other
hand, we show that if it responds by choosing its policy instruments to maximize the
growth rate, it can be made worse off by the tied transfer. There is thus a sharp tradeoff
between welfare-maximization and growth-maximization, not present in the Barro (1990)

model, but characteristic of the Futagami et. al. (1993) model.



Both a temporary pure transfer and a temporary productive transfer generate
trangitiona dynamics, though of a sharply contrasting nature. Temporary pure transfers
have only modest short-run growth effects, which impact most directly on private capital,
causing the dynamics, as represented by the public-private capital and debt-private capital
ratios, to decline in the short run. These adjustments are then reversed after the
temporary pure transfer ceases and the economy reverts back to its origina equilibrium.
The tied transfer, has much more potent short-run growth effects, and by impinging more
directly on public capital and debt, yields precisely the opposite transitional dynamics.
The public-private capital and debt-capital ratios now increase in the short run, and
decline after the remova of the shock. By influencing the transitional growth rates,
temporary transfers have permanent effects on the levels of key variables such as the
capital stocks, output, and welfare, these gains being more significant for the productive
transfer. One striking contrast between the two transfers is that the productive transfer
leads to a decline in the long-run debt of the recipient economy, whereas the pure transfer
leads to greater long-run indebtedness.

The rest of the paper is organized as follows. Section 2 motivates the model by
discussing recent developments in the European Union to the context of financing
investment in public infrastructure through unilateral capital transfers in its less
developed member nations, as well as to aspiring members. Section 3 outlines the model
and its chief characteristics. Section 4 briefly discusses the long-run effects of transfers
and related fiscal shocks, while Section 5 discusses two forms of government response.
Section 6 provides a numerical examination of the transitional paths in response to
permanent transfers, while temporary transfers are addressed in Section 7. Section 8
presents the concluding remarks and some technical details are relegated to the

Appendix.



2. Financing Investment in Infrastructure by Capital Transfers. The Case of
the European Union

The role of investment in infrastructure has assumed increased importance,
especiadly in the context of the European Union’s pre-accession aid programs. The
motivation behind these programs is the redlization that there are wide and persistent
disparities in economic conditions among the EU countries and its aspiring members.
One of the critical reasons for low growth rates and living standards in the less devel oped
countries within the EU, as well as its aspiring members, is the deterioration and
inadequacy of physical infrastructure in certain key sectors. To raise the economic
conditions in the less developed regions to EU standards, strong positive differentials in
growth rates needed to be created in favor of these economies, relative to the EU average,
in the short run. Identifying inadequate infrastructure as the key bottleneck in the growth
process, in 1989 the EU embarked on an ambitious program of assisting its less
developed members in building up an adequate and efficient stock of infrastructure, and
thereby enhancing their growth rates. This process of “catching up” started in 1989 with
a program of unilateral capital transfers from the EU through its Structural Funds
program: the European Agriculture Guidance and Guarantees Fund (EAGGF, Guidance
section), the European Regional Development Fund (ERDF), the European Social Fund
(ESF), and, after 1993, through the Cohesion Fund. Country-specific targets and
priorities were decided by the EU on the basis of the Community Support Framework
(CSF) for each country, and financia support through these structural funds have been
increasing over the years. A key aspect of these transfer programs was co-financing:
national governments and the private sector had to contribute with matching funds in
given proportions to the funds provided by the EU. Under the additionality principle,
measures were taken to prevent the recipient economies from decreasing their own
financid commitments in the various target areas. Specificaly, these transfers were
aimed at (i) infrastructure improvement projects in key sectors, (ii) improvements in the

quality of human capital, and (iii) structura interventions in key areas. The ultimate
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objective under the CSF plans was to correct the structural deficiencies in capital
formation and infrastructure, and push these economies onto a path of sustainable growth.
For example, EU support under CSF | (1989-1993) to Greece, Ireland, Portugal and
Spain amounted to 4.5, 6, 6.1 and 1.6%, respectively, of their annual GDPs. During this
period, Ireland achieved an average GDP growth rate of 5%, while Portugal and Spain
had 2.8 and 2% respectively, and Greece was least successful with 1.2%. Under CSF ||
(1994-1999), transfers were almost doubled for these countries, with assistance of 7.2%
of GDP for Greece, 7.1% of GDP for Portugal, 3.4% for Spain and 5% for Ireland.
Ireland is expected to achieve an average growth rate of 8.9% during this period, while
the corresponding estimates for Spain and Portugal are 2.9% and 2.6% for Greece.
Encouraged by the success of the above mentioned capital transfer program, the
EU has embarked on a new transfer program, called Agenda 2000, to assist aspiring
members to the EU in gaining accession to the Union. Agenda 2000 outlines a coherent
strategy for al Central and Eastern European applicant countries (CEECs) to gan
accession to the EU through unilateral transfers similar to that of the CSF structural funds
program. Under this transfer program, recipient countries will be entitled to Euro 1
billion per year for the period 2000-2006.°> This aid would be directed mainly toward
aligning the applicant countries on community infrastructure standards, particularly in the
transport and environmental spheres. Following the objectives of the Cohesion Fund, the
EU has proposed an Instrument for Structural Policies for Pre-Accession (ISPA) package
under Agenda 2000 to assist the CEECs in gaining membership to the Union.
Considering the size of these countries, the proposed assistance through transfers will be
large. For example, the earmarked assistance for the environment sector aone
(particularly water and air pollution and waste management) is estimated to be Euro 1000
per capita of the ten applicant countries. Combined with the transfers to the transport and

other infrastructure sectors, the total transfers are estimated to be between 4-6% of the

*The recipient countriesinclude Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland,
Romania, Slovakia and Slovenia
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recipient country’s GDP. The aim here is aso to help these countries correct their
infrastructural deficiencies, attain strong positive growth differentials relative to the EU
average in the short run, and achieve higher and sustainable standards of living in
aignment with EU standards, and ultimately, gain accesson to EU membership. To
analyze the effects of these unilatera transfer programs provides the main motivation for

this paper.

3. The Analytical Framework

3.1 Private Sector
We consider a small open economy populated by an infinitely-lived representative
agent who produces and consumes a single traded commodity. Output, Y, of the

commaodity is produced using the constant returns to scale production function

('jh
= K=aKl K", a>0, 0<h <1 (1a)

Y:a%
EK o

where K denotes the representative agent's stock of private capital and K_ denotes the

stock of public capital. Equation (1a) assumes that the services of public capital enhance
the productivity of private capital, though at a diminishing rate. The model abstracts
from labor so that private capital should be interpreted broadly to include human, as well
as physical capital; see Rebelo (1991).

The agent consumes this good at the rate C, yielding utility over an infinite

horizon represented by the isoelastic utility function:®

uo (Salcge'btdt; ¥ <g<1 (1b)

The agent also accumulates physical capital, with expenditure on a given change
in the capital stock, I, involving adjustment (installation) costs specified by the quadratic

(convex) function

® The exponent g isrelated to the intertemporal elasticity of substitution s, by s=1/(1- g), with g =0
being equivalent to a logarithmic utility function.
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Y(I,K)_I+h1§ _|gl+2E (1)

QIO

This equation is an application of the familiar cost of adjustment framework, where we
assume that the adjustment costs are proportiona to the rate of investment per unit of
installed capital (rather than its level). The linear homogeneity of this function is
necessary for a steady-state equilibrium having ongoing growth to be sustained. The net

rate of capital accumulation is thus:
K=1-d.K (1d)

where d, denotes the rate of depreciation of private capital.

Agents may borrow internationally on a world capital market. The key factor we
wish to take into account is that the creditworthiness of the economy influences its cost of
borrowing from abroad. Essentialy we assume that world capital markets assess an
economy's ability to service debt costs and the associated default risk, the key indicator of
which is the country's debt-capital (equity) ratio. As a result, the interest rate countries
are charged on world capital markets increases with this ratio. This leads to the upward

doping supply schedule for debt, expressed by assuming that the borrowing rate,
r(N/K), charged on (national) foreign debt, N, is of the form:

r(N/K)=r +w(N/K), we>0 (1e)

where r” is the exogenoudly given world interest rate and w(N/K) is the country-specific
borrowing premium that increases with the nation's debt-capital ratio. The homogeneity
of the relationship is required to sustain a balanced growth equilibrium.” Various

formulations can be found in the literature. The original formulation by Bardhan (1967)

A rigorous derivation of (1€) presumes the existence of risk. Since we do not wish to model a full
stochastic economy, we should view (1€) as representing a convenient reduced form, one supported by
empirical evidence; see eg. Edwards (1984) who finds a significant positive relationship between the
spread over LIBOR (eg. r*) and the debt-GNP ratio. Eaton and Gersovitz (1989) provide formal
justifications for the relationship (1e).
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expressed the borrowing premium in terms of the absolute stock of debt. ® But authors
such as Sachs (1984) and Cooper and Sachs (1985) also argue for a homogeneous
function such as (1€). They suggest how a country, by adopting growth-oriented policies,
can shift the upward-sloping supply curve outward, so that at each level of debt a lower
borrowing premium is charged. This effect can be incorporated by assuming that the
borrowing premium depends upon the level of debt relative to some measure of earning
and debt-servicing capacity, such as capital or output (that depends upon capital), as
formulated in (1e)°

The agent’'s decision problem is to choose consumption, and the rates of
accumulation of capital and debt, to maximize intertemporal utility (1b) subject to the

flow budget constraint
B=C+r(N/K)B+Y(I,K)- 1-t)Y +T )

where B is the stock of debt held by the private sector, t is the income tax rate, and T
denotes lump-sum taxes™® It is important to emphasize that in performing his
optimization, the representative agent takes the borrowing rate, r(.) as given. This is
because the interest rate facing the debtor nation, as reflected in its upward sloping
supply curve of debt, is a function of the economy's aggregate debt-capital ratio, which
the individual agent assumes he is unable to influence.

The optimality conditions with respect to C and | are respectively
C**'=n (3a)

1+h(I/K)=q (30)

8 See also Obstfeld (1982) and Bhandari, Haque, and Turnovsky (1990).

°See also van der Ploeg (1996).

191t is natural for us to assume B > 0, so that the country is a debtor nation. However, it is possible for B <
0 in which case the agent accumul ates credit by lending abroad. For simplicity, interest income is assumed
to be untaxed.
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where n is the shadow value of wealth in the form of internationally traded bonds, g is
the shadow value of the agent’s private capital stock, and n is defined as the
market price of private capital in terms of the (unitary) price of foreign bonds. The first
of these conditions equates the marginal utility of consumption to the shadow vaue of
wealth, while the latter equates the marginal cost of an additional unit of investment,
which is inclusive of the margina installation cost h 1/ K, to the market value of capital.
Equation (3b) may be immediately solved to yield the following expression for the rate of

private capital accumulation

Eﬂszq'ydK (30)

Applying the standard optimality conditions with respect to B and K implies the
standard arbitrage relationships

b-1 =20 (49)

h -h . 2 .
(1-t)A-h)akeK™ g .(9-9) _dK:rgéjg
q q 2hg éK g

(4b)

Equation (4a) is the standard Keynes-Ramsey consumption rule, equating the rate of
return on consumption to the cost of incurring an additional unit of foreign debt.
Likewise, (4b) equates the after-tax rate of return on domestic capital to the cost of debt.
The gross return on private capital (left hand side of (4b)) has three components: the first
is the after-tax marginal productivity of private capital valued at its market price. The
second component is the rate of change in the price of capital. The third element reflects
the fact that an additional source of benefits of a higher capital stock is to reduce the
installation costs (which depend upon I/K) associated with new investment.

Finally, in order to ensure that the agent’s intertemporal budget constraint is met,

the following transversality conditions must hold:
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limnBe ™ =0; limq&e ™ = 0. (4c)
t® ¥ t® ¥
3.2  Public Capital, Fiscal Transfers, and National Debt

We assume that the gross accumulation of public capital, G, is aso subject to

convex costs of adjustment, similar to that of private capital
WG, K) = 61+ (h,/2)(G Ko)).

In addition, the stock of public capital depreciates at the rate d; so that the net rate of

public capital accumulation is,

Ke =G-dgKs. (5)

The resources for accumulation of public capital come from two sources. domestically
financed government expenditure on public capital, G,and a program of fisca transfers,

TR, from the rest of the world. We therefore postulate
G° G+ITR 0£1 £1 (6)

where | represents the degree to which the flow of transfers from abroad is tied to
investment in the stock of public infrastructure. The case | =1 implies that transfers are
completely tied to investment in public capital, representing a “productive” transfer. The
other polar case, | =0, implies that incoming transfers are not invested in public capital
and hence represents a “pure’ transfer, of the Keynes-Ohlin type. In order to sustain an
equilibrium of on-going growth, both domestic government expenditure on infrastructure

(C_s) and the flow of transfers from abroad must be tied to the scale of the economy

C_5=§Y, andTR=sY, 0<g<l,s>0, 0<g+s <1

We can therefore rewrite (5) in the following form

Ke =G-d.Ks =gY-d.Ks =(G+Is)Y-d.Ks; g=g+Is >0 (5)

13



and dividing (5) by Kg, the growth rate of public capital is given by

Ke o _ Y i
—=0f_ =(g+ls)—-d.. 5
Ke ° (g )KG ¢ )

The government faces the flow budget constraint

A=WG,K) +r(N/K)A-tY- TR- T (7)

This equation states that the excess of domestic government expenditure on public
infrastructure and interest payments on debt over tax and transfer receipts, is financed by
accumulating debt (A). Note that if | =0, the transfer results in an equivalent reduction
in government debt. If | =1 a unit increase in transfers raises the flow of government
purchases correspondingly. In the absence of installation costs (h, = 0) this will leave
the stock of government debt unchanged. But to the extent that public investment
involves installation costs, which require domestic resources, a unit increase in transfers
will actualy require the government to issue additional debt to finance the installation
component of the investment. In addition we require that the government satisfy its

intertemporal budget constraint specified as:

lim Ae"®" =0. (7)

® ¥

National debt isthe sum of private debt and public debt, N = B+ A. Thus

combining (7) and (2) we get the national budget constraint (the nation’s current account)

N=r(N/K)IN+C+Y(,K)+WG,K.)- Y- TR. (8)

Equation (8) states that the economy accumulates debt to finance its expenditures on
public capital, private capital, consumption and interest payments net of output produced
and transfers received. It isimmediately apparent that higher consumption or investment
raises the rate at which the economy accumulates debt. On the other hand, higher

transfers affect the growth rate of debt in two offsetting ways. The direct effect of higher
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transfers is to reduce the growth rate of debt (through the term G- TR® (1- | )sY). But
the ingtallation costs of infrastructure (the term (h,/2)G%/K.) increase the total
expenditure on providing infrastructure, and thereby tend to increase the growth rate of
debt relative to private capital. This is the indirect effect of higher transfers. An
interesting observation is that the higher is the degree to which transfers are tied to public
investment (higher | ), the lower will be the decrease in the growth rate of debt. When,
transfers are completely tied to investment in infrastructure, i.e., | =1, there is no direct
effect on the growth of debt. However, the indirect effects, through changes in
instalation costs, market price of private capital (q), and consumption, will still continue

to affect the growth rate of debt.

3.3 Macroeconomic Equilibrium

The steady-state equilibrium we shall derive has the characteristic that al real
guantities grow at the same constant rate and that q the relative price of capita is
constant. Thus we shall express the core dynamics of the system in terms of the
following doationary variables, normalized by the stock of private capitadl,
c® GK, k,° Ks/K, n° N/K, and g. The equilibrium system is derived as follows.

Firgt, taking the time derivative of k, and substituting (5”) and (3b’) yields

K )
k—9°fG-fK:(g+Is)akg'l-¥-(dG-dK) (9a)
g

Next, dividing (8) by N, and substituting, we can rewrite (8) as

No 1¢, h 2y 2y, (@-D . U,
—Oof =r(n)+= +1s)- (1+s)ak. +a“—2(g+ls )k "+ +cq (8
N T @ s)- sk ral 2 (g s Jig e TS ey 8)

Taking the time derivative of n and combining with (3b’) leads to:

. z 2 ~
Moty -ty =i+ 4@ +1s)- @rsak) ra (g s yiet e @D
n neg 2 2h o]
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S 10, (9b)
é h g

Third, from (3a) and (4a), we derive the growth rate of consumption

Eofc_r(n)-b

C - 1-g

Taking the time derivative of ¢ and combining with (3b’) leads to:

¢, r(n) b (q 1
—of -f +d, 9c
L h (9¢)

Finaly, rewriting (4b) implies

y — h (Q' 1)2

g=r(ng- (1-t)1- h)ak, - T+qu (9d)
Equations (9a) — (9d) provide an autonomous set of dynamic equationsin k,,n,c, andq,
from which the evolution of government debt can be derived.

34  Seady Sate Equilibrium

The economy reaches steady state when k,=n=¢=¢=0, implying that
K/K=Ks/Ks =N/N=C/Cef , the steady-state growth rate of the economy. The

steady state can thus be described as follows:

@G+l s)ak!" - de :Elhl—1 d, (10a)
e u _10
r(n)- %g{ g+(1- | )s}akg ai(g+l s)? kg2h b 2h11) - EE: ?—hll; d, (10b)
r(n)g- (1-t)(- h)akg ﬁ—l =0 (10c)
r(n)- b _(@-9 -
= - dK =f 10d
1 g o (10d)
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Equations (10a)-(10d) determine the steady-state equilibrium in the following recursive
manner. First, equations (10a), (10c) and (10d) jointly determine kg,d, and r(n), from

which the steady state growth rate f immediately follows. These quantities are
independent of (i) the adjustment cost of public capital, h,, and (ii) the sengitivity of the
country-specific borrowing cost, as reflected by r&n). Having determined 1, the
equilibrium stock of debt-capital ratio, n, is obtained from (1€). In particular, a higher

interest sensitivity of borrowing costs lowers the equilibrium stock of debt. Given

~

kg, G, r(N), andn, the equilibrium consumption-capital ratio, €, is obtained from the
current account equilibrium condition (10b). Provided r >f (which we shal show
below is required for the transversality condition to hold) higher margina borrowing

costs reduce total interest payments raising the consumption-capital ratio. Also, higher

installation costs, h,, reduce the amount of output available for consumption, c .

Because this system is highly non-linear, it need not be consistent with a well-
defined steady state equilibrium with k,>0,> 0. Our numerical simulations, however,

yield well-defined steady state values for al plausible specifications of all the structural

and policy parameters of the model.**
35 Equilibrium Dynamics

Equations (9a) - (9d) form the dynamics of the system in terms of k, n, g, and c.
Linearizing these equations around the steady-state values of k , n, g, and ¢ obtained

from (10a) - (10d),

K, 0 a(g+ls)k; - dg- 00 - (kg~/h1)~ G, - k,
ch+_¢ a,, r¢mMA+r(M)-f 1 (1/h)d- n)—fg n- i+ (1)
fel ¢ o r€ME/a-g) 0 -(@E/h) FTe-el

dg é -ha(l-t)(@- h)k;'l r¢n)qg 0 r(n)-f £Q' Jd g
where

1 A rigorous discussion of the issues giving rise to non-existent or multiple equilibriain arelated model is
provided by Turnovsky (1997d). Similar issues apply here.
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-h{L- g+ @- 1)sk)H+@n - Dat(h/2)G+1s K2

The determinant of the coefficient matrix of (11) is positive under the condition that
r(n) >f i.e., the steady-state interest rate facing the small open economy must be greater
than the steady-state growth rate of the economy.*? Imposing the transversality condition
(4c), we see that this condition is indeed satisfied. Since (11) form a fourth-order system,
a positive determinant implies that there could be 0, 2, or 4 positive (unstable) roots and
correspondingly 4, 2, or 0 negative(stable) roots. Imposing the following sufficiency
conditions: (i) - 1/2<g <0, (ii) d, £d, and (iii) > n, we are able to rule out the case
of 0 and 4 positive roots.*® Conditions (i) and (ii) impose restrictions on the structural
parameters g, d, and d; and (iii) states that in steady-state, the value of the capital stock
in the economy must be greater than the value of its outstanding stock of debt. Under
these conditions the dynamic system (11) can be shown to be saddle-point stable with
two positive (unstable) and two negative (stable) roots. We denote the two stable roots

by m and m, withm,<m <O.
4. Long-run Effects of Transfersand Fiscal Shocks

Table 1A summarizes the long-run effects of a permanent transfer on the key
equilibrium variables, including the public to private capita ratio. These results imply
that a permanent transfer tied to public capital will raise the long-run ratio of public to

private capital. This increases the productivity of private capital, thereby raising its

The determinant of the coeffici ent matrix in (11) is given by

(- h)G- ) &G , & “(n) 9_1+d AL ;U

+
h &h 1-

13 |_et mbe the vector of characterlstlc roots of the system in (11). Then, the characteristic equation is a
fourth-order polynomial of the formm' +p,m’ +p,nf + psm+p, =0, where p, (i =1,2,3 4) are functions
of the terms in the coefficient matrix in (11). By the determinental condition,p,>0. Imposing
(i)-1/2<g<0, and (ii) dg <dywe see thatp, >0. Condition (ii)q >, leads top, <0. Then, by
applying Descartes rule of signs, we can show that there are a maximum of two positive roots.  Also,
condition (i) implies that the trace of the matrix in (11) is positive, which rules out the case of 0 positive
roots. Hence the system has two positive roots and two negative roots. Note that conditions (i)-(iii) are
only sufficient conditions for saddle-point stahility. Other more complex conditions can also be derived for
this purpose. Numerical solutions to the steady state do not require the imposition of these conditions.
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relative price and the equilibrium growth rate. Financing the higher investment
expenditures for the accumulation of private capital increases the agents' holdings of debt
and thus increases the steady-state stock of national debt relative to private capital. The
resulting effect (not reported) on the steady-state stock of consumption relative to private
capital is ambiguous. We can show that the effect on consumption is a weighted average
of two terms, the weights being | and (1- 1 ). The first is applied to two components,
one representing the effect of a higher ratio of public to private capital, the other the
increase in the market price of private capital. A higher stock of public relative to private
capital raises output relative to private capitad and therefore tends to increase
consumption relative to private capital. On the other hand, higher investment in public
capital increases its ingtalation costs and this leads to a crowding out of private
consumption. Moreover, the increase in the market price of private capital, and the
consequent increase in private investment, makes the agent substitute away from
consumption and this tends to reduce steady-state consumption. Depending on which
component dominates, this first effect on consumption (which is proportional to | ) could
either go up or down. The second term represents the effect of that part of transfers not
tied to public investment, and hence is scaled by (1- 1). Since a fraction (1- 1) of
resources are freed up with the inflow of higher transfers, they contribute toward
increasing consumption. The overall effect on consumption is thus ambiguous.

Two critical factors in determining these long-run responses are (i) | , the degree
to which transfers are tied to investment in public infrastructure, and (ii) r €n) the extent
to which borrowing costs are tied to the nation’s debt position. In the extreme case of a
pure transfer (I = 0) there is no effect on either the steady-state public-private capital
ratio, the growth rate, or the nation’s debt-capital ratio. All that happens is that the
consumption-capital ratio increases. Furthermore, this adjustment occurs instantaneously
and raises welfare unambiguoudy. In the limiting case where r €n) = 0, the growth rates

of the production side and consumption diverge to different rates; see Turnovsky (1997a).
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The (common) growth rate of public and private capita is enhanced by productive
transfers, while the growth rate of consumption remains unaffected.

In Table 1B we see that the effects of an increase in the domestic rate of
participation, § on Izg,f~ ,N are identical to those of a productive transfer. Thus to the
extent that the domestic government matches the tied transfer, the effects are reinforcing.
Table 1C describes the effects of a higher distortionary tax rate. By having a
contractionary effect on private capital accumulation, this also raises the ratio of public to
private capital, while reducing the equilibrium growth rate and therefore the equilibrium

interest rate, and thus the equilibrium debt to capital ratio.

5. Optimal Responses

As our numerical results will show, the effect of the capital transfer on the
domestic economy depends in part upon the corresponding response (if any) of the
domestic government. In this respect we see that a tied or “productive” fisca transfer of
a given amount, coupled with an equivalent decrease in government expenditure, is
equivalent to an untied transfer of an equivalent amount. Here, we briefly discuss two
other responses. (i) the growth-maximizing fisca response, and (ii) the welfare-

maximizing fiscal response.
51  Growth-Maximizing Fiscal Response

Suppose that the government sets its expenditure rate, g, and itstax rate, t , so as

to balance the costs of the net purchase of capital, given the transfers, namely
t=g-(1-1)s (12

Installation costs are thus financed by issuing new debt or by lump-sum taxes in

accordance with the flow constraint (7):
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Using (12), together with the results from Table 1A and 1B we can then establish that the
steady-state growth rate will be maximized if g,t are set in accordance with

g=h-s( -h) f=h-s(- h) (13)

In the absence of foreign transfers, (13) reduces to the growth maximizing tax
(=expenditure) rate t = 6 =h, obtained originaly by Barro (1990) in his flow model, and
later by Futagami et. al. (1993) in their stock model. But the presence of foreign transfers
(s > 0) leads to a divergence between the growth-maximizing tax and expenditure rates,
except in the case where the transfers are fully tied to investment in public capital. Both
also deviate from h, in contrast to Barro (1990) and Futagami, et. al. (1993). Having the
fraction, s, of income coming from abroad, permits the tax rate to be lowered, so that
f £h. To the extent that the transfers are untied, § must exceed t , and in fact it will
exceed h if | <h.

Substituting (13) into the dynamic system (9a) — (9d) we see that the equilibrium
dynamics, including the steady-state, are independent of | . In other words, if the
government sets its expenditure and tax rates to maximize the growth rate, the transitiona
dynamics and the long-run equilibrium are rendered independent of the extent to which

the transfers are tied to investment.
5.2  Welfare-Maximizing Fiscal Response

A second response is to determine constant fiscal responses, constrained by (12)

that maximize the welfare gains generated by the transfer, namely

ow) = § ¢ [icwr - Eorfa (14

~

where C is the consumption aong an initid equilibrium baanced growth path.

Evaluating this quantity numerically, we find that the welfare-maximizing choices of
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t,g, subject to (12) are less than the growth-maximizing values, as in Futagami et. a.
(1993) and Turnovsky (1997c). Moreover, setting t,g in thisway, we again find that the
equilibrium path (9a) — (9d) is independent of | . This is an important result, since it
implies that by combining the transfer with the appropriate expenditure and tax mix, the
recipient economy can choose its equilibrium path and associated level of welfare, which

is independent of any constraints imposed by the donor country.
6. Numerical Analysis of Transitional Paths

Further insights into the effects of transfers are obtained by analyzing the model
numerically. We begin by calibrating a benchmark economy, using the following
parameters representative of a small open economy, which starts out from an equilibrium

with zero transfers.

Table2. The Benchmark Economy

Preference parameters. g=-150b=0.04

Production parameters: a=04,h=02 h; =15, h,=15.
Depreciation rates: dk = 0.05, dg = 0.04

World interest rate: r =0.06,

Premium on borrowing: ~ a=0.1"

Policy parameters: t =0.15,g=0.05

Transfers: s =0,1 =0

These parameter values are conventional and lead to the following plausible benchmark
equilibrium reported in Row 1 of Table 3: the ratio of public-private capita is 0.29; the
consumption-output ratio is 0.6; the debt to output ratio is 0.45, leading to an equilibrium

borrowing premium of 1.4% over the world rate; the capital-output ratio is over 3, with

14 The functional specification of the upward sloping supply curve that we useis: r(n) =F + e - 1. Thus,
in the case of a perfect world capital market, whena =0, r =1 , the world interest rate.
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the equilibrium growth rate being just under 1.4%.> This equilibrium is a reasonable
characterization of a smal medium-indebted economy experiencing a modest steady rate
of growth and having a relatively small stock of public capital. Rows 2 — 7 summarize
key short-run and long-run changes to this equilibrium following the specified changes.
The find column in the table summarizes the effects on economic welfare, measured by

the optimized utility of the representative agent

W= s coe Mt
g

where C is evauated along the equilibrium path. These welfare changes are calculated as
the percentage change in the initial stock of capital necessary to maintain the level of

welfare unchanged following the particular shock.
6.1. Permanent Shocks

Row 2 reports the effects of a permanent pure transfer equal to 5% of the
recipient country’s GDP. This represents a pure wealth effect, which from (10a) — (10d)
has no effect on kg,r(ﬁ),ﬁ,f~ , and therefore no effect on the transitional adjustments. All
that happens is that the transfer leads to an immediate and permanent increase in
consumption, raising the consumption-output ratio from 0.60 to 0.65, and leading to an
increase in welfare of 8.3%.

Row 3 describes the impact of a permanent productive transfer, fully tied to
investment in public capital, and which is also 5% of the economy’s GDP. In the new
steady state the ratio of public to private capital increases from 0.29 to 0.61, thereby
generating a huge investment boom in infrastructure. The increase in the stock of public

capital increases the margina productivity of private capital, thereby leading to a

13 The choice of adjustment cost h = 15 is consistent with Origueiraand Santos (1997), who find that h = 16
leads to a plausible speed of convergence of around 2%. Auerbach and Kotlikoff (1987) assume h = 10,
recognizing that thisis at the low values of estimates, while Barro and Sala-i-Martin (1995) propose avalue
above 10. We have also assumed smaller values of h, with little change in results. Note also that the
equality of adjustment costs between the two types of capital serves as a plausible benchmark.
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positive, though lesser accumulation of private capital. Although the transfer stimulates
consumption through the wedlth effect, (like the pure transfer) the higher long-run
productive capacity has a greater effect on output, leading to a decline in the long-run
consumption-output ratio from 0.60 to 0.56. The higher productivity raises the long-run
growth rate to 1.94 %, while long run welfare improves by 9.8%, as indicated in the last
column of Row 3. The increased accumulation of both private and public capital lead to
a higher demand for externa borrowing as a means of financing new investment in
private capital and the installation costs of public capital. This results in an increase in
the steady state debt-output ratio from 0.45 to 0.77, raising the borrowing premium to
over 2.8%. However, this higher debt relative to output is sustainable since it is caused
by higher investment demand rather than higher consumption demand. The long run
increase in the economy’s productive capacity (as measured by the higher stocks of
public and private capital, and output) ensures that the higher debt is sustainable. This
view has also been expressed by Roubini and Wachtel (1998).

The trangitional dynamic paths are depicted in Figure 1. Fig. 1.1 illustrates the
stable adjustment-locus in Kkg-n space, indicating how kg and n increase amost
proportionately during the transition. The contrasting transitional paths of the four
growth rates f, ,f .,f, andf . toward their common long-run growth rate are shown in
Fig 1.2. The stimulus to public capital raises its initia growth rate to over 6.7%, after
which it declines monotonically. By contrast, private capita adjusts only gradually.
Indeed, after increasing on impact to 1.70%, it declines marginally, before the stimulating
effect of the higher public capital has its full impact and eventually raises its growth rate
toward the equilibrium. The growth rate of output is an average of the growth rates of the
two capital stocks. The fact that the growth rate of output initially doubles from 1.37% to
2.71% is of interest and is consistent with the experiences of some of the recipient
countries, as noted in Section 2. Finally, the growth rate of consumption is unaffected on

impact and responds only gradually. The reason for thisis evident from (3a’) and the fact
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that it depends upon the sluggishly evolving debt-capital ratio, n.*® Figures 1.3-1.5
illustrate the transition paths for the output-capital ratio, debt-output ratio, and the
consumption-output ratio, respectively.  The first two increase monotonicaly through
time. This is because the accumulation of public capital raises the average productivity
of private capital, while the accumulation of both types of capital raises the need to
borrow from abroad. By contrast, the consumption-output ratio initially increases before
declining through time. This is because the wesalth effect associated with the transfer

oductive capacity,
through capital accumulation, takes time.*’

Row 4 reports the effects of a bond-financed (or equivaently lump-sum tax
financed) government expenditure increase on infrastructure in the absence of transfer
flows. In order to draw a comparison with the case of atransfer shock, the magnitude of
the government expenditure shock is equal to that of the transfer. We find that the two
shocks have identical effects on the economy’s long-run equilibrium in al but two
respects. First, the government expenditure shock causes alarger crowding out of private
consumption than does a transfer shock, with the consumption-output ratio declining to
0.51. This is because in contrast to the transfer of resources from abroad, the higher
domestic government expenditure entails a direct appropriation of the economy’s output,
thereby decreasing the amount available for consumption. Second, as a consequence, the
welfare gains from the higher government expenditure are also smaller than those from
productive transfers. Welfare improves by only 0.3% in this case as against a 9.8%
improvement from the transfer shock. The dynamics are generally similar qualitatively
and are not illustrated. There is a minor change in the initial growth rate of private

capital, which in turn is reflected in the initial growth rate of output, both of which rise

1 Much of the recent literature on growth theory has emphasized the speed of convergence, that is the
speed at which the economy converges to its steady state. We obtain an asymptotic speed of convergence
of around 6% which is plausible for an open economy. The speed is fairly insensitive to the form of the
transfer and the form of policy response.

" We have also considered the time path for the instantaneous utility and find that it is uniformly higher at
each instant of time with the tied transfer.
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marginally. This is a consequence of the reduction in private consumption stemming

from the higher financing costs (either lump-sum taxation or borrowing).*®
6.2 Domestic Co-financing and Welfare Gains

Rows 5 to 7 deal with the issue of domestic co-financing in response to a transfer
shock, a feature that is common to all of the EU’s structural funds programs. Row 5
requires the domestic government to match fully the contribution from abroad. The
interesting point here is that this reduces the welfare gain to 4.7%, the reason for this
being that this forces the domestic government to devote 15% of output to public
investment, making the public sector too large. If, instead, the transfer were untied, while
forcing the equal co-financing, welfare would again be 9.83%.*°

Alternatively, suppose that the domestic government accommodates the transfer
shock by setting its own participation so as to maximize the long-run growth rate. That
is, the tax and expenditure rates are set in accordance with (13). Assuming without any
loss of generality that | =1, thisimpliest =0.16 =G =0.16 (=§=0.21). Notably, this
response causes the steady-state growth rate to nearly double from the benchmark value
of 1.37% to 2.56%. The short-run growth rates of public and private capital undergo
similar large increases to nearly 3% and over 18% respectively, with the short-run growth
rate of output increasing to over 6%. This emphasis on growth and capital accumulation
implies that there is less output available for consumption and indeed, the consumption-
income ratio drops to 0.38. This is undesirable from an intertempora welfare point of
view; indeed, welfare drops by 8.6% relative to the benchmark.?

Row 7 describes the fina response, namely where the government sets its tax and

expenditure rates so as to maximize the welfare gains resulting from the transfer. Again

18 The case where the increase in government investment is financed by a higher distortionary tax rate |eads
to generally similar responses, since with the externalities, the distortions are relatively small.

9| n the case where the 5% increase in public investment is financed evenly by the domestic government
and foreign transfers, welfare improves by 5%.

% This specific result does depend upon the magnitude of the adjustment costs. If, instead, by =h, =8, we

find that the growth-maximizing response is also welfare-improving relative to the benchmark.
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without loss of generality setting | =1, the welfare-maximizing response is to set
g=t =0.02, these values being obtained as solutions to (14) from numerical smulations
of the model. This leads to a long-run growth rate of 2.1%, with the short-run growth
rates of public capital, private capital, and output, being moderated to 3.5%, 2.8% and 3%
respectively. The consumption-output ratio is also correspondingly higher at 0.55, with
the corresponding intertemporal gain in welfare being 10.5%. Comparing 6 and 7 we see
that there is a dramatic tradeoff between growth maximization, on the one hand, and
welfare maximization, on the other.

The dynamic adjustments with active co-financing are quditatively similar to that
illustrated in Fig 1 where the government responds passively. But there are some minor
differences, which are brought out in Figs. 2. Fig. 2.1 compares the time paths of the
growth rate of output under two regimes. (i) where the domestic government responds
passively to the productive transfer and (ii) where the domestic government sets its
participation at the welfare-maximizing level. We see that the time path of the growth
rate of output is uniformly higher in the latter case. Fig. 2.2 illustrates the time paths of
welfare gains (relative to the benchmark) for these two regimes. Here we see that there is
a weak intertempora tradeoff. By devoting more resources to investment in the short
run, the optimal response reduces short-run consumption and utility in return for a
significantly higher permanent growth rate and more consumption in the future (beyond

15 years).

6.3  Some Sensitivity Analysis

While the above parameters represent a plausible description of a small poorly
endowed economy, some of the results are dependent upon this characterization. Tables
4 and 5 conduct some sengitivity analysis. Table 4 considers two aternative benchmark
economies, corresponding to g = 0.12 (large domestic government investment) and g =

0.02 (small domestic government investment). In the first case, a tied transfer leads to a
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smal welfare loss of 1.65%, while additional domestically financed government
expansion leads to a large welfare loss of 12.8%. Furthermore, equa co-financing is
even worse, leading to a welfare loss of 16.5%, which is more than the sum of its two
components. By contrast, the untied transfer is highly desirable, improving welfare by
10.5%. The reason for this is such an economy is characterized by an overly large stock
of public capital relative to private capital and a large foreign debt. It is clearly better off
by reducing its debt and is only made worse off by increasing its stock of public capital.

For Benchmark Il things are reversed. The country has only a small ratio of
public to private capital and actually is a foreign creditor. Both the tied transfer, and the
domestically financed government expenditure improve welfare dramatically (31.6% and
21.5% respectively), and co-financing is even better. With small debt, the pure transfer is
now only moderately welfare-improving, and indeed less so than for Benchmark I1.

A natural question concerns the extent to which the gains from a foreign transfer
depend upon (i) the ingtallation costs associated with public capital, (h,), and (ii) the
degree of imperfection of the world capital market (measured by a). Table 5 presents
these gains for the two cases| =0and| =1, for three values of each of these parameters,
in the case that the domestic government acts passively. Thevauesof h, =1, 15, and 40
correspond to low, medium, and high instalation costs, while a=0.03, 0.10, and 10
correspond to high, medium, and virtually no access to the world capital market. The
percentage changes reported in the table refer to the benchmark that would correspond to
the associated combination of parameters. Thus, for example, the figures in the top left
hand corner imply that an economy for which a=0.03, h, =1 will enjoy an 8.99%
improvement in welfare if it experiences a 5% pure transfer, and a 20.85% welfare gain if
the transfer is tied to investment in public capital. From this table we can make the

following observations:

() For a given degree of imperfection in the world capital market (i.e. given a) an
increase in the installation costs of public capital (h,) leads to larger welfare gains from a
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pure transfer of a given magnitude, but a decrease in welfare gains if the transfer istied to
public capital.

(i) For given ingtallation costs, an increase in the degree of imperfection in world
capital marketsin general leads to lower long run welfare gains from the transfer.

(iii) For very high installation costs the economy is better-off with a pure transfer:
atied or productive transfer is welfare-reducing in the long run, irrespective of the nature
of world capital markets. However, in al other cases, welfare gains from productive

transfers are higher than those from pure transfers.

The result in (iii) that under very high adjustment costs, a tied transfer is welfare-
deteriorating is interesting. Intuitively, it reflects the fact that by tying the transfers, the
donor country is committing the recipient country to devote a large portion of its

resources to the costly task of installation, thereby making it worse off.

7. Temporary Transfers

Most transfer programs, whether pure or productive, are only temporary. Thus it
is important to analyze the consequences of a temporary transfer. As before, we assume
that the magnitude of the transfer is 5% of the recipient country’s GDP, and we focus on
the polar cases of a pure transfer (I = 0) and a fully-tied productive transfer (I = 1),
respectively. We assume that the duration of the transfer is 10 years, consistent with the
average length of the EU’s Structural Funds Programs.

The results of our experiments are reported in Table 6, and their dynamics are
illustrated in Figures 3-5. The first four columns of Table 6 report the instantaneous
impact of atemporary transfer on the growth rates of private and public capital, output,
and consumption, respectively. Rows 1 and 2 describe the type of transfer shock, i.e.,

whether it istied or pure in nature.
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7.1 Pure Transfer

We turn first to the pure transfer, reported in Row 1. Neither the growth rate of
consumption nor debt responds immediately. In the case of consumption, the reason for
this remains as for the permanent transfer; its growth rate is tied via the borrowing rate to
the debt-capital ratio, n, which is constrained to evolve continuoudy over time.
Similarly, when| =0, (5”) implies that the growth rate of public capital responds to the
productivity of public capital, Y/K, which also evolves only gradualy. By contrast, the
growth rate of private capital, being determined by g, does respond on impact, increasing
from 1.37% to 1.58%. This is because with the transfer being only temporary, the initial
response in the consumption-output ratio is dampened from 0.65, if it were permanent, to
just over 0.63, thereby freeing some domestic output, which then becomes available for
investment in private capital. The short-run higher growth rate of private capital raises
the short-run growth rate of output to 1.54%, this reflecting the relative importance of
private capital in production.

In contrast to the permanent pure transfer, the adjustments are characterized by

transitional dynamics. These can be understood by considering Fig 3.1, the phase

diagram describing the dynamic adjustments of the ratio of public to private capital, k,
and the debt-capital ratio n, in conjunction with the growth rates for, K and K, illustrated
in Fig. 3.2, and N, (not illustrated).? Suppose that the economy starts out from the
equilibrium point A in Fig. 3.1. Since the transfer has no impact on the initial growth of
public capital, while leading to more private investment, the ratio of public capital to
private capital, k;, begins to decline. At the same time, while the untied transfers reduce
the accumulation of debt, the higher investment and consumption has the opposite effect.

On balance, the former effect dominates, and the initial growth rate of debt falls from its

% The reason for not illustrating the growth rate of N is one of scale. Its growth rate is much larger (in
magnitude) than that of Y, afact that can be inferred from the N/Y ratio illustrated in Fig. 3.3. Critical
values are as follows. During the duration of the temporary pure transfer N / N declines from 0.5% to —

7.8% till t = 10, when it immediately jumps to +7.75% before converging back to the steady-state value of
1.37%.
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benchmark value of 1.37% to 0.5%, so that the debt-capital, n, ratio begins to decline as
well. The economy therefore begins to move aong the locus AB in Fig 3.1. During the
early stages of the decline in k, and n, the growth rate of private capital continues to
increase, though at a declining rate, reaching a peak at about 1.64% after 6 periods, after
which it too begins to decline. This is because the initia jump in g, together with the
decline in k; reduces the rate of return on private capital, requiring ¢ > 0, to ensure that
the return on capital equals the cost on debt, which initialy declines at a lower rate. The
increase in the private capital stock raises the growth rate of output, thereby gradually
increasing the growth of public capital, and thus slowing the decline in k,. By contrast,
as n declines, the decline in the growth rate of debt accelerates dramatically, due
primarily to the lower interest costs. After 10 periods, when the transfer ceases, the
economy isat B. At that point, the growth rates of K,K, and N are respectively 1.57%,
1.46%, and —7.80%. However, the removal of the transfer immediately raises the growth
rate of debt to 7.75%, so that the debt-capital ratio starts to increase. By contrast, with
private capital still being accumulated at a faster rate than public capital, k,continues to
decline, though with the former declining and the latter increasing, this decline ceases at
time 15, when the economy is at C. Thereafter, the reduced relative stock of public
capital raises its productivity, encouraging public investment so that the economy returns
to its origina equilibrium along CA, with both k, and n increasing. From Fig. 3.2 the
growth rates of output is seen to be an average of that of the two capital stocks, while the
time path for the consumption growth rate reflects that of the time path of n.

Figures 3.3 - 3.5 illustrate the dynamic time paths of the consumption-output,
debt-output, and capital-output ratios, respectively. These al mirror the differential
growth rates as set out in Fig. 2. Thus, for example, the K/Y ratio is increasing or
decreasing, as long as the ratio k, is faling, or rising. Likewise the fact that C/Y fdll
rapidly at first is because during this period Y is rising while C is faling; the decline is

more gradual when the two growth rates are close to converging.
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7.2 Tied-Transfer

Row 2 of Table 6 reports the impact of a temporary tied (productive) transfer.
Again, the growth rate of consumption does not respond instantaneously. However, the
growth rates of al other variables respond instantaneously with the magnitudes of these
initial jumps being significantly higher than for a pure transfer. Thus, the growth rate of
private capital increases on impact to 1.74% as compared to 1.58% for a pure transfer.
With the transfer being tied to public investment, the growth rate of public capita
increases to 6.7%, a sharp contrast to its Suggish response to a pure transfer. As aresult,
the growth rate of output goes up to 2.74% as against 1.54% for a pure transfer. It is
interesting to observe that when compared to the corresponding jumps for a permanent
productive transfer shock (see Table 3; columns 6-9), we find that a temporary productive
transfer induces a marginaly larger initial responses in growth rates than does a
permanent shock of equal magnitude. Thus, in the short run, while the transfer program is
in effect, strong positive differentials are created in growth rates relative to the
benchmark. This result vindicates the objectives of the EU’s temporary transfer
programs discussed in section 2; empirically the magnitude is consistent with the growth
rates experienced by Spain and Portugal as recipients of the EU transfer program.

The dynamics can be understood by considering Fig 3.1 in conjunction with the
growth rates illustrated in Figs. 4.2. These indicate a dramatic contrast from those of the
pure transfer; indeed the time paths for most variables are generaly reversed.?? Suppose
that the economy starts out at point A in Fig.4.1. With the dramatic increase in the
growth rate of public capital, far exceeding that of private capital, the ratio of public to
private capital begins to rise. At the same time, with the tied transfers being unavailable

for debt reduction, the higher consumption and investment leads to a similar dramatic

2 Again, the growth rate of N cannot be conveniently illustrated in Fig 4.2, because of differences in
magnitude, which are now even more dramatic. Critical values are now asfollows. During the duration of
the temporary tied transfer N/ N declines form 24% to 1.8% at t = 10, when it immediately jumps to —
5.8% before converging back to the steady-state value of 1.37%.
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increase in the growth rate of debt, which increases at the rate of 24% on impact, so that
the debt-capital ratio begins to rise sharply as well. The economy therefore begins to
move along the locus ACB in Fig. 4.1. As k, and n both increase, the growth rates of
both public capita and debt decline dramaticaly, the latter more so, with the economy
reaching B after 10 periods. The permanent elimination of the transfer at that time
reverses the dynamics, taking the economy back to its origina equilibrium aong the
locus BDA.

From Figure 4.2, we see that following the initial jump, the growth rates of public
and private capital, and output start declining toward the benchmark growth rate. The
growth rate of consumption, although unaffected initially, increases dightly in transition.
At the end of the program, when the transfer flows cease, the growth rate of public capital
jumps down below its benchmark level, after which it then increases back to its
(unchanging) equilibrium level.

Figures 4.3-4.5 present the dynamic paths of the consumption-output, capital-
output, and debt-output ratios respectively. These are all generally opposite to those for
the pure transfer, reflecting the reversal in the dynamics of k, and n. One interesting
difference arises with respect to the consumption-output ratio, which falls below its
benchmark during the period the transfer is in effect. This is due to a short run
substitution of consumption for capital accumulation. However, the end of the transfer
program causes a reverse substitution towards consumption, and the ratio increases to its
benchmark in the long run. The main general picture to emerge in comparing Figures 3
and 4, we see that the particular nature of the incoming transfer has important
implications for the economy’s dynamic adjustment, both in the short run as well as in
the long run. In our case, the transitional dynamics of a pure transfer are very different

from those of a productive transfer.
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7.3  Permanent Effects of a Temporary Transfer Shock

In this section we show how a temporary transfer program, by atering the growth
rate during the transition, can have permanent effects on the levels of key variables such
as the capital stock, output, and consumption of the recipient economy. In addition we
show how the type of incoming transfer (pure or tied) affects the magnitude and direction
of the permanent effects. Figure 5 and the last six columns of Table 6 report the
permanent effects of temporary transfers. Specifically, we normalize the benchmark
steady state level to unity and express the new steady state levels relative to the
normalized benchmark. Thus, the ratio of 1.10 across steady states implies a 10 %
increase in levels relative to the benchmark.

Formally, we may let the after-shock time path of avariable X be:

X(t) = X(O)Exp[d «(s)ds+ { x(s)ds]

where f () isthe growth rate of variable X, at time t, and which follows a different path
while the temporary policy is in effect (until time T) and after it is removed. The
corresponding time path of X in the absence of the shock (the benchmark path) is then

given by
Xo (1) = X, 0 EXR(f 1)

where X, and f, denote the benchmark level of X and f respectively. Then the long run

impact of the temporary shock on the level of X relative to its benchmark is given by

% f(i? Exp[?(f (s)- fb)dS+0(f (s)-f,)as]



The shock growth rates and stationary variables return to their benchmark levels in the
long run, the accumulated effects on the levels of these variables during transition may
have significant permanent effects.”®

For our experiments, X = K, Ky, C, N, Y, and the level of long run welfare,
denoted by W. From columns 6-11 in Table 6 we see that temporary transfers do indeed
have permanent effects on the levels of key economic variables. However, as the results
reveal, the magnitude of the effects are different, depending upon the specific nature of
the transfer. From Row 1 we see that a temporary pure transfer leads to only a 3% long
run improvement in the stocks of private and public capital and in the levels of
consumption and output. However, the debt position of the economy worsens by 4 % in
the long run. On the other hand, the long run effects of a productive transfer are less
uniform and larger in magnitude. Row 2 indicates that a temporary productive transfer
increases the long run stocks of private and public capital by 7% and 10% respectively.
Consumption and output increase by 7% and 8% respectively. For both types of transfer,
the effects on intertemporal welfare are substantial being 4.4% and 5%, respectively. The
relatively small difference is due to the fact that the greater benefits associated with the
tied transfer occur through time and therefore are discounted. The long-run debt position
of the economy actually improves by 36%. This is in contrast to the result for pure
transfers. a temporary productive transfer improves the current account permanently,
while a pure transfer causes a permanent deterioration of the current account. Thisis due
to the fact that the increase in long run productive capacity, as measured by the long run
changes in the stock of private and public capital, and the level of output, is much larger
for a productive shock. The higher long run productive capacity enables the economy to
improve its long-run debt position. The above results are graphicaly represented in

Fig.5.

# Notethat K,K,,Y, andN evolve continuoudly at t = 0, so that for these variables X(O)/be0 =1.In

contrast, C and Wundergo jumps at time 0. These differences areillustrated in Fig. 5.
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8. Conclusions

In this paper we have addressed an important topical issue, namely the impact of a
program of tied transfers, such as those implemented recently by the EU, on the growth
and macroeconomic performance of the recipient country. The effects of both permanent
and temporary transfers have been considered, the former serving as a benchmark, the
latter being a closer representation of actual policies.

The main genera conclusion to emerge is that there is a sharp contrast in the
effects of pure transfers of the traditional Keynes-Ohlin type and the current program of
tied transfers adopted by the European Union. A permanent pure transfer has no growth
or dynamic consequences. It is always welfare-improving, the gains varying postively
with the size of the government, when the stock debt and the benefits of debt reduction
increase. A tied transfer generates dynamic adjustments, as public capital is accumulated
in the recipient economy. Its effect on the long-run growth rate, and the extent to which
this is beneficial, depends upon the size of the infrastructure in the economy, as well as
the co-financing arrangements, if any, imposed on that economy, and how its government
chooses to react to the additional flow of resources. For what we consider to be the most
applicable case of an economy relatively poorly endowed with public capital, a tied
transfer will both raise the long-run growth rate and yield greater intertempora benefits
than does a pure transfer. However, the benefits from an equal co-financing, smilar to
that proposed by the EU, are substantially smaller than if no such arrangement were
imposed. If the economy is relatively well endowed with government capital a tied
transfer is welfare-deteriorating, and is particularly harmful if it involves domestic co-
financing.

These contrasts aso apply to temporary transfers, and in particular to the
trangitional dynamics in the two cases. Whereas a temporary pure transfer has only a
modest short-run growth effect, the productive transfer has significant impacts on short-
run growth thus validating the position taken by the EU. Both transfers, although only
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temporary, have permanent effects on levels, with those of the tied shock being
significantly greater. For example, for the benchmark economy we find that a 10 year
tied transfer of 5% of the recipient economy’s GDP raises long-run output by 8% and its
welfare by 5%, values we find to be significant.

We conclude with two final comments. First, the fact that the effects of the tied
transfer are less certain than those of the pure transfer, depending upon the size of the
government in the recipient economy suggests that the donor economy must be careful to
ensure that it has accurate information on the recipient economy. If it operates with
inaccurate information, then it may lead to a deterioration in the recipient economy.
Second, we should note that we have focused on the effects of the transfer on the
economic performance of a small recipient economy. Being small, this has no feedback
on the donor economy. However, such transfers are being proposed simultaneoudly for a
number of prospective member nations, the collective feedback effects of which on the
donor economy need no longer be negligible. A natura extension of this analysis is,

therefore, to consider the transfer in a multi-country growth equilibrium setting.
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APPENDI X
Appendix Al. Characterization of Transitional Dynamics™
In section 3.2 we showed that equilibrium in this economy is saddle-point stable
with two unstable and two stable roots. The stable roots were denoted by m and m, with
m, <m <0. Corresponding to the two stable and two unstable roots the system is
characterized by two state (“duggish”) variables, k and n, and two control (“jump”)
variables, g and c. Since, the stock of public capita relative to private capital (k) and the
stock of debt relative to private capital (n) are constrained to evolve continuously, we
focus on them in order to characterize the transitional dynamics of the system. The
generic form of the stable solutions for these variablesis given by:
K(t) - k = We™ +W,e™ (A.1a)
n() - A= Wx, ™ +Wx,,e™ (A2.1b)
where W, and W, are constants to be obtained from initial conditions and they depend
upon the specific shocks. The vector (1,x,,,X5,X4) | =1, 2 isthe normalized eigenvector
associated with the stable eigenvalue, m.
Suppose the economy starts out with given initial stocks of public capital and debt
relative to private capital, (k,,n,), and through some policy shock converges to (Iz,ﬁ).
Setting t = 0 in (A2.1a) and (A2.1b) and letting dk © k - k;, dfi © fi- n,, the constants

W, and W, are derived as:

dn - x,,dk dk - df
W, =22y = Xttt (A.2.1c)
Xy = Xy Xy = Xy

The slope of the transitional adjustment locus in the n-k space is given by

2 This section draws from Eicher and Turnovsky (1999).
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@ _ Wix;me™ +Wox,,me™
dk Wme™ +W,me™

(A.2.1d)

It is evident from (A2.1d) that the slope of the transitional path is time-varying. Since
m<m<0, as t® ¥ this converges to the new steady-state along the direction
(ar/ dk)t®¥ =X, , for al admissible shocks. The initia direction of motion, however,

depends upon the source of the shock and can be obtained by settingt = 0 in (A2.1d).

Using (A2.1a) and (A2.1b) we can express the dynamics of the state variables in

phase-space form:
. g(nlxzz - MXy) (m-m) 9 N
&9: Xy = Xy Xy = Xy &- kg
gné c(M - M)X,Xp  (MXy, - MXy) Egn ) ﬁa (A2.1e)

8 Xy = Xy Xy = Xy

Q

By construction, the trace of the matrix in (A2.1e) = m m, <0

mm >0, so that (A2.1€) describes a stable node.”

Appendix A2. Solutionsfor a Temporary Shock

Suppose the economy starts off from steady state at time O, with s =0, and
k(0) =k,,n(0) =n,. AttimeO, transfersincrease froms =0tos =s31>0. It remains at
this level until timet =T, when it is restored back to itsinitial level of zero. We therefore
consider the dynamics over two periods : (1) the period (0, T), when the shock is in
effect, and (2) the period after T, when the policy is permanently removed.

The dynamic time paths of k, n, g, and c over the period (O, T) are given by the

following equations:

K(t) =k + WE™ + W™ +We™ + Wee™ (A2.1)
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n(t) = ﬁz + V\@(Zlemlt + V\gxzzem2t + V\@(Z’;e%t + V\&>(24em4t
q(t) = G, + Wiy €™ + WK™ + Wika; €™ + WoKg, ™

C(t) = E‘Q + Wp(4lemlt + W9(42€Wbt + W9(43em3t + V\&XMem‘lt

(A2.2)
(A2.3)

(A2.4)

where k,,n,,q,,C,are the corresponding steady state values if the shock were to be

permanent. Now, for the transversality conditions to be met, the dynamics over the

period (T, ¥) must be stable:

K(t) = K +We™ +W,e™ (A2.5)

n(t) = i, + Wx,.e™ + Wx,,e™ (A2.6)

q(t) = G, + Wx,e™ +Wx,e™ (A2.7)

c(t) =, + Wx, ™ +Wx,,e™ (A2.8)
We now have six equations in six unknowns:W(, i =1to 4, and W, j =1to 2.

These constants are determined by (1) initial conditions on k and n, and (2) continuity

conditions on k, g, n, and c. Thus setting t = 0 in (A.2.1) and (A.2.2), and equating
(A2.1) and (A2.5), (A2.2) and (A2.6), (A2.3) and (A2.7), (A2.4) and (A2.8) attimet=T
we get:
K, - K, = W+ W+ W+ W (A2.9)
N, - N, = WK, +WIX,, + WK, + WX, (A2.10)
k, + W™ + W™ + W™ + W™ = k + W,e™" +W,e™' (A.2.11)
n, + Wk, e™" +Wg,, ™" + Wik,.e™" +WK,,e™" = A + Wix,.e™ +Wox,,e™'  (A.2.12)
O + Wike, €™ + Wi, €™ + Wikpe™' + Wik, €™ = G, + Wixs,e™' +Wix,e™  (A.2.13)
C, + WK, €™ + WX ,€™ " + WK™ + WK ,e™ = E+Wix, ™ +W,x,e™  (A.2.14)
% Note that the representation of the transitional dynamics in the n-k space takes full account of the

feedback arising from the jump variables q and c; these are incorporated in the two eigenvalues.
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TABLE 1

Steady State Effects of Changesin Transfers and Fiscal Shocks

A. Permanent Increase in Transfers.

dk _largR) § r(f)- (§-D/h s
s 3 [n+ ) k, =>0

dg _lar (/) h(- t)(- h)algh.llzh_l
ds J (1_ g)

>0

di _lah@-t)d- h)ak"' =~ _ (- g)dg _

ds  J h % ~ hrdf) ds

B. Permanent Increase in Domestic Government Spending.

dk _ar @& r®)- @-9/hp, 1k o
dg J 'h -9 | ds

~ Ly~ _ _ o h-1 _ ~
d_g:ar (n)[h(l t)(1- h)ak ]kh'l zld_q>0.
dg J (1-9) | ds

~ _ _ ~h_l - ~
d_?:g[h(l t)(1- h)ak ]kh'lzéﬂ 0.
d J h | ds

C. Permanent Increase in the Income Tax Rate.

dk _ar'(@)(- h)k" .
dt Jh(1-9)

0.

dj _ a’@-h)’r@)(g+ls)k™? .
dt J(1-9)

0.

d_ﬁ _ (1- h)zazl'(“m-z

= <0.
dt I
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TABLE 3

Responses to Permanent Changes

£

0

CclY

N/ Y

Y/ K

fr (0
%

Fs(0)
%

fv(0)
%

Fc(0)
%

D(W)
%

Benchmark

s =0, =0,
g=0.05t =015

0.291

7.423

0.601

0.452

0.312

1.37

1.37

1.37

1.37

Pure transfer

s =005,1 =0,
g=0.05t =015

0.291

7.423

0.651

0.452

0.312

1.37

1.37

1.37

1.37

1.37

+8.32

Tied-transfer

s =005,1 =1,
g=0.05t =015

0.610

8.845

0.561

0.774

0.362

1.701

6.739

271

1.37

1.938

+9.83

Bond-financed
Gov. exp. Increase

s =0, =0,
g=0.10,t =0.15

0.610

8.845

0.511

0.774

0.362

171

6.739

2.72

1.37

1.938

+0.30

Co-financing

s =005,1 =1,
g=0.10t =0.15

0943

9.738

0.474

0.929

0.395

2.176

13.69

4.16

1.37

2.295

+4.71

Growth-max.
Govt. response

s =005,1 =1,
g=0.16t =0.16

1.362

10.41

0.379

1.013

0.425

257

18.55

577

1.37

2.562

-8.63

Welfare-max.
Govt. response

s =005,1 =1,
g=02t =.02

0.376

931

0.545

0.989

0.329

2.82

3.52

2.96

1.37

212

+10.49
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TABLE 4

Alter native Benchmar ks

l

N

=

Y

~

f %

D(W)%

Benchmark |1
s=0,l =0
g=0.12t =0.15

0.742

0.846

2.096

Pure Transfer
s=0.05] =0
g=0.12t =0.15

0.742

0.846

2.096

+10.50

Tied Transfer
s =005 =1
g=0.12t =0.15

1.077

0.972

2410

-1.65

Bond-financed
Gov. Exp. Increase
s=0l =0
g=0.17t =0.15

1.077

0.972

2410

-12.76

Co-finance
s =005 =1
g=0.17t =0.15

1.417

1.054

2.651

-16.54

Benchmark I11
s=0,l =0
g=0.02t =0.15

0.109

-0.103

0.069

Pure Transfer
s=0.05] =0
g=0.02t =0.15

0.109

-0.103

0.069

+7.56

Tied Transfer
s =005 =1
g=0.02t =0.15

0.417

0.618

1.634

+31.62

Bond-financed
Gov. Exp. Increase
s=0l =0
g=0.07,t =0.15

0.417

0.618

1.634

+21.46

Co-finance
s =005 =1
g=0.07,t =0.15

0.742

0.846

2.096

+36.55
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TABLE S5

Welfar e Senditivity to Installation Costs and Capital Market | mperfections
(s =0tos =0.05; 1 =1)

h=1 h,= 15 =40
| =0 | =1 | =0 | =1 | =0 | =1
a=003 | 899% | 2085% | 93% | 1316% | 9.92% -1.89 %
a=010 | 806% | 1626% | 832% | 9.83% 8.81% -2.39 %
a=10 773% | 1532% | 7.96% | 9.47% 8.41 % -1.5%
TABLE 6
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Key Responsesto a Temporary Transfer Shock

Benchmark Steady State: | =0; s =0; g=0.05;t =0.15; T = 10 years.

Initial Response of Growth Rates of

Permanent Gains/Losses (Relative to

Key Variables the Benchmark) Across Steady States
(Benchmark = 1)
fe@) | 4,00 | (0 | £,(0) | f
% % % % w | K| K| C N Y w
(%D)
Pure
Transfer
| =0; 1.58 137 | 137 | 154 | 137]103|1.03|103|1.04|103| 4.39
s =0.05
Productive
Transfer
| =1; 174 | 674 | 1.37 | 274 | 137|107 |1.10| 107|064 |1.08 | 497
s =0.05

Figurel. Transtional Adjustment to a Permanent Productive Transfer Shock
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| =1,s =0.05
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Figure 1.5. Capital-Output Ratio.
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Figure 2: Comparison of Passive Response with Optimal Response
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Figure 2.2. Welfare Paths Under Different
Regimes of Domestic Co-financing
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Figure 3. Transitional Adjustment to a Temporary Pure Transfer Shock
| =0; s =0.05; Duration of Shock = 10 years
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Figure4. Transtional Adjustment to a Temporary Productive/Tied Transfer Shock
| =1; s =0.05; Duration of Shock = 10 years
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Figure5. A Comparative Analysis of the Permanent Effects of Temporary
Productive and Pure Transfer Shocks
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