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Abstract

This paper explores the effect of policy variability (or frequency of regime
switching) on the level and characteristics of growth. We find that, contrary
to prior views, the lack of persistence in policies per se need not be welfare
reducing and that it can enhance growth. We also find that it is important
to distinguish the type of policies that alternate in order to asses its impact.
Two types of alternating policies are considered: 1) policies that differ in the
degree to which all investment is subsidized; ii) policies where the specific sector
being subsidized changes over time. For the first case, we find that variability
is likely to decrease growtli, while in the second case it is likely to increase
growth. These differences are linked to the role of income and substitution
effects. For the case of sectoral policies, we also find that, in average, growth
rates increase temporarily following a change in regime.



1. Introduction.

The connection between government policies and economic growth has recently received
considerable attention. For the case of developing countries, the work of Chenery et al.
(1986), Easterly and Wetzel (1989) and Krueger (1978) suggests that policies that distort
relative prices and resource allocation are an important source of differences in perfor-
mance among countries. Examples of such policies are differential import tariffs, export
and investment subsidies, allocation of foreign exchange, taxes (see Easterly (1990)).

Policies not only differ across countries, but there is also a significant variation over
time within countries. Often as a consequence of political instability, regimes with different
economic incentives alternate over time, with different degrees of persistence. According
to Easterly, King et al. (1990) the government current expenditure variables - like con-
sumption and education spending — are quite persistent while government investment,
trade orientation, and black market premium are not very persistent!. Harrison (1991)
also finds that over the last thirty years most developing countries have experienced large
variations in commercial and exchange rate policies?®.

The purpose of this paper is to analyze the implications of such policy variability or
regime switching on the level and characteristics of economic growth. Though there is a
fairly widespread view that the lack of persistence could lead to slower growth and reduced
welfare, to our knowledge no serious theoretical attempt has been made to consider the
question in a more rigorous way. This paper explores this issue in a neoclassical growth
model.

The type of policies we consider are given by the level and distribution of investment
subsidies. Many policies, such as investment tax credits and regional or sectoral subsidies
to investment fall into this category. The scope is even broader if one considers other
policies which, indirectly, have a similar effect, such as tariffs or import quotas, quantita-
tive allocation of credit or foreign exchange and, investment licenses or other regulatory
requirements. Throughout the paper we take these policies as given and do not model
the political process by which they are instituted or changed.

The growth effects of government policies that distort the allocation of resources across
sectors was first analyzed by Easterly (1990), Jones and Manuelli (1990) and King and
Rebelo (1990). By altering the rate of return to capital, these policies can either stirnulate
or discourage investments in different sectors of the economy, thus affecting their capital
accumulation rates. In particular, if there are two generic types of capital their work
implies that any distortion that increases the price of one capital good will have a negative
impact on growth. If instead the distortion decreases the price of one capital good, the
result will be the reverse (i.e there will be too much growth). Easterly (1990) proceeds
to test empirically this hypothesis for developing countries and his results suggest that
distortions have a significant effect on growth.

In contrast, little attention has been given to the effects of persistence of policy regimes
—or policy variability — on growth. Aizenman and Marion (1991) study a model with two

1 As an example they find that the cross section correlation between 1960’s and 1970’s for government
education spending is 0.75 while for trade orientation is 0.56.
2See also FIEL (1988) and (1990) for the case of Argentina.




possible tax regimes, characterized by a high or low profit tax. They find that increases in
policy uncertainty (defined as the gap between the two policy regimes) can have positive
or negative effects on growth depending on the degree of regime persistence. In addition,
they show that in the absence of persistence, policy uncertainty does not affect growth.
Our paper focuses, precisely, on the implications of the degree of policy persistence on the
level and characteristics of growth and on welfare.

The main objective of the paper is to understand some of the basic mechanisms by
which policy variability affects growth and welfare. For this purpose we analyze a fairly
specific class of linear neoclassical growth models. In the first part of the paper we
consider a one sector growth model. The policy we analyze is one where investment is
subsidized at a uniform rate but this rate can be either positive or zero. Thus there are
two possible regimes: the subsidy and nonsubsidy regimes. Subsidies are financed with
lump sum taxation. The degree of policy variability of an economy is given by the arrival
rate of a regime switch. The setup is similar to Aizenman and Marion (1991), but with
two differences. Firstly, we allow for income effects, which by assumption are absent in

their setup. Secondly, as indicated above, we focus on policies that affect the cost of
investment rather than its return.?

The results obtained for this one sector model show that, surprisingly, higher vari-
ability leads to higher welfare and can result in higher growth. The mechanism by which
increased welfare results is an interesting one, where income effects play a crucial role.
Since there are no externalities in capital accumulation, investment subsidies lead to an
intertemporal distortion and excessive investment in periods of subsidy. This raises the
value of consumption in periods of subsidy and, in anticipation, the expected return on
investment in periods of no subsidy. Consequently, in periods of no subsidy investment
is also above its corresponding value for a zero subsidy economy: subsidies to investment
spill over periods of no subsidy.

Higher variability implies more frequent changes in the level of investment and con-
sumption. But by creating a stronger intertemporal link across the two regimes, invest-
ment in periods of no subsidy increases with variability, while it decreases in periods of
subsidy. This reduces the amplitude of the fluctuations in consumption, thereby increas-
ing welfare. We prove that average long run growth rates increase with variability when
the latter is close to zero. However, our numerical simulations suggest that this is a local
result and that for more reasonable levels of variability the opposite direction prevails.

Policies are often targeted to specific sectors of the economy or have a differential
impact on them. In either case, a sectoral impact results. In this context, regime changes
are likely to result in an important sectoral reallocation of resources. To capture this
effect, the second part of the paper considers a two sector model, which in absence of
investment subsidies exhibits exactly the same aggregate behavior as the first model. The
investment subsidy rate is positive and constant, but the sector being subsidized varies
over time. There are also two regimes in this case, depending on which investment good
1s subsidized.

Our results for the two sector model indicate that more frequent regime switching
leads to higher average growth rates, larger intersectoral distortions and to some extent

3For the one sector model, similar results are obtained with taxes on returns.
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more variable consumption. As a consequence, welfare decreases with variability. Adjust-
ment dynamics, which are inexistent in the first model, play an important role here. As
the type of capital being subsidized changes, so does the desired relative capital intensity.
Since investment is irreversible, the adjustment takes place through positive investment
in the subsidized capital (and depreciation of the nonsubsidized). The reallocation in-
centives lead to high levels of investment and a larger growth rate, which monotonically
decrease over time while the desired capital intensity is approached. This has two inter-
esting consequences. Firstly, growth rates are in average higher when regimes change.
Policy makers can indeed claim their new policy has stimulated growth! Secondly, higher
variability tends to increase the targeted capital intensity ratios and also the time spent
by the economy in periods of reallocation. This explains the higher growth rates.

The paper contains analytical results and numerical computations. The methods
developed for the computation of the two sector model are of independent interest. (It is
a continuous time model with irreversible investment and a jump process, which involves
corner solutions.) We use an iterative scheme with successive ODE problems. To compute
statistics of the long run behavior, we derive explicitly a differential equation for the
density function and provide a simple method for its computation.

The paper is organized as follows. Section 2 considers the one sector model and Section
3 the two sector case. Each section includes first theoretical results and then a subsection
with numerical results. Section 4 concludes. The computation method is described in an
appendix.

2. One Sector Model.

We consider a simple endogenous growth model where all factors of production are repro-
ducible and their quantity is summarized by the composite capital good k {see King and
Rebelo (1990) and Rebelo (1991)).

The production technology is given by:

yi = Ak, (1)

where A > 0 is a time invariant productivity parameter. Capital depreciates at rate é
and investment is irreversible:

];:t =Tt — 6kt (2)

where k, = 0k,/dt > 6. There is a large number (constant over time) of identical agents
that are endowed with an initial amount of capital. Agents maximize expected utility
defined as U = E [;° e u(c;) dt, where p > 0 is the constant rate of time preference, ¢,
is consumption at time ¢ and, u(c;) is the instantaneous utility. We assume that u(c,) is
of the constant elasticity type so the expected utility is:
00 cl—a
U:E/o e Lt (3)

— 0

where o > 0 is the reciprocal of the intertemporal elasticity of substitution.

To study the role of policy variability we analyze a very simple subsidy policy. We
assume that the government grants investment subsidies that vary over time. Specifically,




there are two possible regimes: one where investment is subsidized at a constant rate
0 < 7 < 1 and another, where there is no subsidy. Let z, be a random variable that
takes values one and zero in the subsidy and no subsidy regimes respectively. Let A
represent the arrival rate of a regime change so the expected duration of a regime is then
1/A. Agents observe the realization of z; before making their period t decisions. The
investment subsidy per unit of capital at time ¢ is then

_ T ifzt:1
m(z) = { 0 ifz,=0 (4)

Since investment 1s irreversible, aggregate investment can not be negative. Because
agents are identical, we may assume without loss of generality that the representative
agent is subject to this constraint. Throughout our analysis, investment is strictly positive
and the growth rate constant within each regime. The price of capital is then identical to
that of the consumption good, which is used as a numeraire.

Subsidies are financed by lump sum taxation. Since all agents are identical and the
economy is closed, feasibility requires that the government budget be balanced in each
period. Let Ti(z,) represent the lump sum taxes at ¢t measured in units of consumption
as a function of the regime, then

no={ 5" 822, g

We study the competitive equilibrium for this stochastic economy. Firms maximize
profits each period while agents choose their consumption and capital accumulation plans
so as to maximize their expected lifetime utility given by (3). In this representative agent
framework, capital investment is the only way to shift consumption over time. The agent’s
budget constraint at time ¢ is given by:

e+ (1 —7(z))ze < Aky — Ty(2) (6)

where by constant returns to scale the rental price of capital is equal to A.

For the particular preferences used and since technology is linear, it is a well established
fact that the equilibrium decision rules are linear in k; and that along a balanced stochastic
growth path the interest rate is independent of k; (though both, decision rules and interest
rate will depend on the regime, z;). Furthermore (3) implies that the optimal growth rate
of consumption g(z;) satisfies the following:

o(z) = =0 @
o
where 7(z;) is the real interest rate (see Rebelo (1991)). Notice that the agent’s lifetime
utility will be finite if the expected growth rate of the momentary utility (1 — o) E(g(z:))
is lower than the discount rate p. This is also equivalent to the transversality condition
of the agent’s problem.

Let ¢(z;) represent an agent’s consumption per unit of capital at time ¢ as a function
of the regime z;. Then ¢(0) and ¢(1) represent time ¢t consumption when z, = 0 and z; = 1,




respectively, and k = 1. Define R to be the relative net price of capital between subsidy
and non subsidy regimes measured in consumption units of the nonsubsidized regime, i.e.:

o W) ()
R=0-n -0 -0 (55) )

The variable R captures the change in the value of a stock of capital due to regime
changes. Suppose that at time ¢ the no subsidy regime is in place and let ¢(0) be the
numeraire. The instantaneous capital gain from a change in regime? is given by (1 —

T) ¥ Z((l))) —1 = R —1. If instead the prevailing regime is that of subsidy and ¢(1) the

numeraire, the corresponding gain is %‘}?(%% —(l-=7)=1—=7)(R=1).

Equilibrium in the capital market requires that the interest rate equals the expected
return divided by the price of capital. The expected return is equal to the marginal
product net of depreciation plus the expected capital gains. Since investment is always
positive, capital gains are zero unless there is a regime change. Thus, the expected capital
gains are A\(R — 1) when z is equal to zero and A(1 — 7)(R~! — 1) when z, equals one.

Letting r(0) and r(1) represent the interest rates when z, = 0 and z, = 1 respectively,

r(0) = A—6§+AR-1) (9)
A=61—71)+ M1 =7)R=1)

1 0

r(1) T (10)
Per capita consumption in both regimes is constrained by

a(0) = (A= gi(0) -6k, (1)

ca(l) = (A—gi(l) = )k, (12)

where gx(0) and gx(1) are the growth rates of capital in the two regimes. Notice that (11)
and (12) imply that if growth rates are independent of k; and only depend on the regime
in place at time ¢, consumption and capital will grow at the same rate (i.e., g(0) = g&(0)
and g(1) = gi(1)).

The equilibrium for this economy is then characterized by:

og(0)+p = A—6+AXR—-1) (13)
og()+p = (1/_17)—6+A(R-‘—1) (14)

= A—g(0) =6\’
R = (I—T)<~—_A—g(1)—6> : (15)

We now turn to the properties of the competitive equilibrium. We compare the two
growth rates and analyze the effect of changes in the subsidy rate and the degree of policy
variability. The first proposition shows that the growth rate (and therefore the interest
rate) is higher in the subsidy regime than in the no subsidy regime.

4Notice that this capital gain can be positive or negative. In fact, as we will show later, it will be
positive when z; = 0 and negative when z, = 1.




Proposition 1. Suppose 0 < 7 <1 and A > 0, then g(1) > g(0).

Proof.  Suppose, by way of contradiction, that g(1) < ¢(0). Then r(1) < r(0) and
by (9) and (10):

T

AR~ R > A(

).

If 7 > 0 the previous equation implies that R > 1. On the other hand, (15) implies that
R < 1, a contradiction.
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The following Proposition considers the effect of changes in the level of subsidy.

Proposition 2. For0 <7 <1 and A >0, d¢9(0)/0r and dg(1)/0r are strictly positive.

Proof. See Appendix.

Proposition 2 shows that a higher subsidy results in higher growth rates in both
regimes. The growth rate in the subsidy regime (g(1)) moves in the expected direction:
increases in the subsidy rate decrease both income and the price of capital. A higher
subsidy makes investment more attractive and although higher lump sum taxes discourage
investment, the first effect is stronger and g(1) increases. The positive effect on ¢(0) on
the other hand is more indirect. As g(1) increases, consumption in periods of subsidy
decreases, raising marginal utility of consumption. Since A > 0 this has a positive effect
on the interest rate in periods of no subsidy, which leads to a higher g(0). One may
conjecture that this investment spillover effect will be more important the higher A is. (In
particular, when A = 0 there is no such spillover).

Proposition 2 and equation (13) imply that R, = dR/dr > 0. Since R = 1 when
r=0, Ris greater than one for 7 > 0. Thus taking as a numeraire the consumption good

in a period of no subsidy, the price of capital is higher in the subsidy regime than in the
non subsidy regime.

We now turn to the effect of changes in the degree of policy variability on growth
rates. Notice that since A represents the arrival rate of a regime change, economies with
higher A\ are economies with more variability.

To study the effect of A, a useful benchmark is the case where no regime switching
occurs (A = 0). This corresponds to the standard nonstochastic case. Let g*(z;) and r(z,)
represent the growth and interest rates for an economy with variability A as a function of
the regime 2;. Using (9) and (10) for A equal to zero,

P20)+6 = A (16)
(1) +6)(1-71) = A (17)

For A > 0, using (9), (10), (16), (17) and rearranging,

r(0) —r°(0) = AR-1) (18)
rM1) = (1) = MR'-1). (19)




We have previously shown that R > 1 and therefore 7*(0) > r°(0) and °(1) > r*(1).
Using (7) implies that ¢*(0) > ¢°(0) and ¢°(1) > ¢*(1). By Proposition 1, g*(1) > ¢*(0).
We have thus established that:

g°(1) > ¢*(1) > ¢7(0) > ¢°(0).
The following Proposition provides a slightly stronger result.

Proposition 3. For0 <7 < 1, (1) Q%(}l < 0 for any A > 0, (2) %&9 > 0 for all A close

to zero.

Proof. See Appendix.

Proposition 3 indicates that policy variability can moderate the response of investment
to a subsidy. This result arises because higher variability implies a stronger link between
the two different states of the economy: subsidized and non subsidized periods. This is
also reflected in the fact that %&i < 0 (which can be easily established), indicating that
capital gains (losses) are lower when there is more variability. Notice also that in proving
the above proposition we have also used the fact that R > 1, which is a consequence of
the income effects that are due to lump sum taxation. If agents could insure themselves
from these policy shocks, marginal utility of consumption would be equated across states
and R would equal 1 — 7 which is smaller than one, leading to the opposite conclusion.
This also suggests the important differences in behavior that arise when interest rates are
not taken as given and general equilibrium effects considered.

We have shown that higher variability will decrease the growth rate in subsidy periods
for any A and increase it in no subsidy periods when A is close to zero. It is also of
Interest to evaluate what happens to the average growth rates. Since the value for A is
independent of the regime in place, the limiting probability of each regime is equal to one
half. The average long run growth rate for the economy is approximately 5—’@%11), which
is monotonically increasing in r(0) + r(1). Using (18) and (19) :

P(0) + (1) _ r9(0) + r°(1) 9(0) + r(1)
I R L T

. R—1)+ (R - : . . . "
since a = M)igR—l—ll (the average capital gain due to regime changes) is strictly positive.
We have thus proved:

Proposition 4. For 0 < 7 <1 and X close to zero, L"——@%QD is Increasing in A.

So asymptotic growth can be stimulated by policy variability. However, this is a local
result. Since R is decreasing in A, g—i < 0. Given that for larger values of A this effect
is likely to dominate, higher variability could lead to lower growth. The simulations
presented in the following section show that this is indeed the case and that A need not
be very large for it to happen.

We now turn to welfare considerations. Our numerical computations below indicate
that higher variability results in higher average discounted utility. Though this may seem

counterintuitive, it has a straightforward explanation. It is important to observe that




here higher variability does not mean larger amplitude of oscillation but higher frequency.
Moreover, the higher frequency of regime switching leads indeed to smoother consumption
paths and hence lower amplitude (see Proposition 3 ). Because of the curvature of the
utility function, average welfare is higher for these consumption paths than for those with
larger but less frequent oscillations.

Simulations of the one sector model.

Assuming that investment is positive in both regimes and given values for the param-
eters (A, 6, p, o), equations (13)-(15) provide a nonlinear set of equations to solve for (g(0)
and g(1)). Parameter values where assigned as follows: Given values for é and o, A and p
can be determined to match the real interest rate (6%) and per capita growth rate (2%)
of the economy, taking 7 = 0 as a benchmark. Using parameter values that are standard
in the real business cycle literature, the assignments were: é = 0.10, 0 = 2, p = 0.02 and
A=0.16. As the invariant distribution puts equal weight in either regime the expected
value of relevant variables were calculated as the simple average of their values in the two
regimes. The results of the simulations for subsidies of 10% and 20% are presented in
Tables 1 and 2, respectively.

By comparing the values in Tables 1 and 2 we can analyze the effect of an increase
in the subsidy rate for a given degree of policy variability. Growth rates in both regimes
increase while expected welfare decreases. As expected, increases in the gap between the
two policy regimes are detrimental for welfare but have a positive effect on growth.

Increases in variability decrease the growth rate in the subsidy period and increase it
in the non subsidy period. Except for extremely low levels of variability, the expected
growth rate decreases with variability.

Tables 1 and 2 also provide three welfare indices, Wy, W, and W. The first (second)
one represent the expected discounted utility when the initial regime is one without (with)
subsidy and ko = 1. W is the simple average of Wy and W), providing a measure of long
run average welfare.®> Discounted utility for the undistorted economy (7 = 0) is 625,
which corresponds to Wy at A = 0(ED = o0). The ratio of any two welfare values gives
roughly the percentage by which consumption would have to increase (decrease) in all
periods to compensate for the lower (higher) welfare. For example, for 7 = 0.20 and
A = 0.01 (ED = 100) a 21.1% increase in consumption per period would be needed
to compensate for the lower welfare that results from the distortion due to investment
subsidies when starting in a period of subsidy (2I — 1), while only 5.1% increase would
be required if starting in a period of no subsidy.

As variability increases, expected discounted utility when the initial period is one with
subsidy and it decreases if the initial period is one with no subsidy, and the two figures
approach each other. This results from the fact that as A increases, growth rates decrease
towards the optimal levels in periods of subsidy and increase away from it in periods of no
subsidy. The figure for average utility increases with variability, reflecting the decreased
amplitude of consumption variations. For instance, in order for ex-ante average utility in
an economy with no variability to equate the level corresponding to A = 2(ED = 0.5),
consumption per period would have to increase by almost 9%.

51t also corresponds to the ex ante utility of an economy with probabilities (%, %) of starting in either
regime.



3. TWwO SECTOR MODEL.

It is often the case that policies that alternate imply different sectoral or locational incen-
tives. Exchange rate policies affect the returns to investments in traded and non traded
sectors and the cost of those investments based on imported capital goods. Industrial
policies often provide investment tax credits or low interest credit to promote specific
industries or geographical areas. Furthermore, when resource reallocation is costly, the
adjustment to policy changes is not likely to be immediate, as opposed to the one sector
model case where all adjustments to a regime change were instantaneous. To study the
characteristics and costs of such resource reallocations, this section considers a simple two
sector model.

The simplest extension of the one sector model presented in the previous section
consists of disaggregating the composite capital into two types of capital (k;and k;). We
assume that these two types of capital are perfectly symmetric both in their usage and
accumulation laws. The production technology for the consumption good is given by:

Y = f(klt, k2t) = AF(kln kzt) (20)

where F'(.)is twice differentiable, strictly concave, homogeneous of degree one, Fi(.) >
0, 2 =1,2 for any 0 < %—: < oo, Fi; > 0, 7,7 = 1,2 and symmetric (i.e. F(ky, ko) =
F(kat, k1t)). As before investment is irreversible and the law of motion for each capital is:

kit = xiyp — 6k, 1=1,2. (21)
Agents are endowed with an initial amount of both types of capital and their prefer-

ences are given by (3). Notice that in the absence of distortions, this economy exhibits
the same aggregate behavior as the one sector model.

Policies that affect relative prices and that fluctuate over time are quite common
in many developing countries (see Chenery et al. (1986), Easterly and Wetzel (1989),
Krueger (1978), and FIEL (1988) (1990)). Examples are differential import tariffs, export
and investment subsidies, allocation of foreign exchange, taxes (see Easterly (1990)).
We analyze a very simple subsidy policy that nevertheless captures what we think are
the fundamental aspects of these policies. In any given period, only one type of capital
is subsidized at a constant rate 0 < 7 < 1. There are then two possible regimes: one
where investment in k; is subsidized and another, where investment in %, is subsidized.
We assume that the regime variable (z;) takes a value of one in the first case and a value
of two in the latter. Let 7; and 7, represent the subsidies to the two types of investments,

then:
T ifz, =1
TI(Zt) - 0 lf Zy = 2,

7'2(21)={ 0 ifz=1

T ifz,=2;

Since all agents are identical and the economy is closed, feasibility requires a balanced
government budget in each period. Consequently, lump sum taxes are:

TT¢ if Zy = 1

Ti(z) = {

(22)

TT if Zy = 2.




The agent’s budget constraint at time ¢ is given by:

e+ (1 — m(ze))zre + (1 = m2(2¢)) 220 < quekae + qackae — Ti(2e), (23)

where ¢;; and ¢, are the rental prices of the two types of capital.

Since both types of capital enter symmetrically in the production function and the
subsidy rate is constant, the relevant state variables are the stocks of subsidized and
nonsubsidized capital (k,;, kn¢). To simplify the exposition we use the convention that the
subsidized capital is the first argument in the production function. Notice that because
of the symmetry of the production function in the two capitals, the ratio of output over
total capital is maximized when ky; = k,;. Therefore, subsidizing investment in only one
type of capital introduces both a static and a dynamic distortion.

The homogeneity of preferences given by (3) and the constant returns to scale imply
that the equilibrium decision rules are homogeneous of degree one in (ky, kn;). In addition,
along a balanced stochastic growth path the interest rate, the growth rate and all relative
prices will only depend on a single state variable: the ratio of subsidized to nonsubsidized
capital (k; = ks¢/knt). The optimal growth rate of consumption g(k;) is then:

g(kt) _ T(kt)—/’. (24)
o

Notice that (1 — o)FE(g(k;)) < p is necessary and sufficient for the transversality
condition of the agent’s problem to hold. Let ¢(ki, %) represent an agent’s consumption
when the stocks of subsidized and nonsubsidized capital are kjand k, respectively. If
the regime changes, the agent’s consumption will instead be c(k;, k1). By homogeneity,
c(ky,k2) = kac(k,1), and c(ky, k1) = kyc(3,1), where k = % is the ratio of subsidized
to nonsubsidized capital. Let R(.) be the ratio of marginal utilities in the two regimes,

which only depends on the ratio k and is given by:

Ry = el k) [c(k,l))]" _ {C(k,l)]".

— w(c(ky, k) ke(4,1 c(1,k)

(25)

We now derive the equations relating the interest rate and the values of the subsidized
and nonsubsidized capitals. Notice first that if investment is positive for both, these values
are (1 — 7) and one, respectively. Let w(k;) be the value of the nonsubsidized capital at
k, and assume that investment in the subsidized capital is always positive. As investment
in the nonsubsidized capital can be zero, w(k;) can take values smaller than one.

Notice that for both types of capital the expected return is the sum of the expected
capital gains® and the marginal product net of depreciation. Let k, = k and consider
first the subsidized capital. Since investment is always positive for the subsidized good,
capital gains are zero unless there is a regime change. The instantaneous capital gain from
a change in regime -measured in units of consumption prior to the change- is w()R(k) —
(1 — 7), where w(1)R(k) is the value of the nonsubsidized capital when k, = §
to the same numeraire).

(relative

5These gains can be negative or positive
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Consider now the nonsubsidized capital. Since w(k) is its current value, the instanta-
neous capital gain is (1 — 7)R(k) — w(k) if the regime changes and w'(k) k if it does not.
The next two capital market equilibrium conditions follow from the above remarks:

filk, 1)+ X [w(})R(k) = (1 7)]

r(k)+68 = =) (26)
(k)46 = LEDFwE) “uf(k[)“ DR - wik)] (21)
The resource constraint for the economy is given by
c(k,,kn) = f(kyr kn) — 6(ks + ko) — ky — iy (28)
Assuming k, = 1 and k = & = k, it follows that k = k, — kk,, so after rearranging (28)

and using the fact that consumptlon is homogeneous of degree one in (k;, k), the resource
constraint can be written as follows:

e(k, 1) = f(k,1) = (§+ kn)(1 + k) — k (29)
Note that if investment in the nonsubsidized capital is zero, k, = —& so this equation
simplifies to
c(k,1) = f(k,1)— k. (30)
On the other hand, if k = 0 it simplifies to
(k1) = J(k,1) = (6 + ka)(1 + F). (31)

Using equation (24), the growth rate of consumption satisfies

r(k) =p+og(k) (32)

Equations (25), (26), (27), (29) and (32) plus the transversality condition characterize the
equilibrium for this economy.

To develop some intuition about the equilibrium behavior, it is useful to consider first

the extreme case where A = 0, so no future change of regime occurs. For that case the
above system reduces to:

PR +81-T) = Ak (33)
[r(k) + Slw(k) = fo(k, 1)+ w'(k)k. (34)

Once the economy reaches a balanced growth path, the interest rate remains constant
and both capitals grow at the same rate, with their ratio constant at some value k* > 1
and w(k*) = 1. For values of k; < k*,w(k;) is less than one, so all investment goes to
the subsidized capital. As k; approaches k*, w(k;) increases to its limiting value. From
equation (33) it follows that (k) is decreasing and consequently consumption grows at a
decreasing rate (see King and Rebelo {1989] and Mulligan and Sala i Martin {1991] for a
discussion of the dynamics of the nonstochastic two sector model).

Consider now the case where A > 0. From the above discussion, one may conjecture
that the equilibrium path has the following characteristics:
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1. There exists some ratio of subsidized to nonsubsidized capital k* > 1 such that
if k, = k* the economy grows at a constant rate with positive investment of both
capital goods and k; unchanged. If k, < £~, all investment will go to the subsidized
capital and k, will increase over time until it reaches £* or a change of regime occurs.

2. w'(k;) > 0, and along this adjustment path w(k;) will increase to one.

3. The interest rate r(k;) is decreasing in k;. As a result, along the adjustment path
consumption grows at a decreasing rate. Investment also decreases and consequently
output grows at a decreasing rate.

Suppose a change of regime occurs after a long period of stability. The economy is at
k* and with the regime change the state switches to %. This leads to a jump in the growth
rate of the economy, to later decrease over time. Policy makers can indeed claim their new
policy has stimulated growth! The described adjustment suggests a more general result:
policy shocks that result in persistent changes in the relative price of different types
of capital will lead over time to a change in relative capital intensity. With irreversible
investment, this adjustment will translate into a sizable jump in total investment, followed
by higher growth rates.

We now return to the analysis of policy variability. It is useful to decompose the effect
of changes in A in two parts: 1) the effect on the boundary &* and the growth rate of
the economy at this boundary; 2) the effect on the adjustment path. A genera' analysis
including the two effects is quite complex and is not carried out here. Equilibrium paths
are numerically computed and described in Section 3.2. The effect of changes of A on the
boundary can be isolated and analytical results obtained by considering a discrete time
version of the above model in which all adjustment takes place in one period. This is
a reasonable approximation to the case where depreciation rate is high or the subsidy
rate low and thus the period of adjustment a short one. The following section provides a
complete characterization of this case.

3.1. The one period adjustment case. The discrete time version of the model is
as follows. Agents maximize

l—0

U=E <§: ﬁt Ctl_a ) | (35)

where 0 < 8 < 1 is the discount factor. The production function is the same as before
and the law of motion for capital is

kig+1=(1_6)kit+xitv 1= 1,2 (36)

Since the subsidy policy is the same as before, subsidies, lump sum taxes and the
budget constraint are unchanged. Let A represent now the probability of a regime change,
so with probability 1 — A the economy will remain in the same regime. As before, decision
rules are homogeneous of degree one and relative prices homogeneous of degree zero in
(ksty knt)-

Consider parameter values such that the equilibrium is always interior, with positive
investment of both, subsidized and nonsubsidized capital. Letting k* denote the boundary

12




very short time. Consequently, as A — oo, capital gains or losses due to regime changes
disappear. Equations (26) and (27) simplify to

T(k‘) + § = fl(kiﬁl)

1-—-71

and
r(k™) + 6 = fa(k™,1).

These two equations, which implicitly define k*, are exactly the same two equations that
correspond to the case A = 0. Hence the value of k* when A = 0 is the same as the limiting
value as A — oo. This just reflects the fact that in both extremes there are no capital
gains or losses. The two cases, however, differ significantly in behavior. While at A = 0
the economy remains at k*, this is not true for high values of A\.”To consider the behavior
of the economy for intermediate values of A\, we now analyze some numerical results.

3.2.  Simulations of the two sector model To simulate the model we restrict the
production function to be of the CES type and use a version of the model that is consistent
with the US long term experience. Output is then given by: y; = A(k], + k;t)#', where
1/(1 — 4) is the elasticity of substitution. We set v equal to 0.5, o equal to 2, the
depreciation rate equal to 10%, and the instantaneous discount factor (p) equal to 2%
Finally, the value of A is chosen so that in the absence of subsidies the steady state
growth rate of the economy is 2% (A = 0.08). For k; = ky = k the production function
reduces to the one used in the one sector model. For 7 = 0 the competitive equilibrium
has the same aggregate allocations as in the one sector model.
The quantitative experiments are performed for different degrees of policy variability

and subsidy rates. A summary of the results ‘s presented in Figures 1, 2 and 3 and Tables
3 and 4.

Figure 1 plots the growth rates of consumption, capital and output along the adjust-
ment path for values of 7 = 0.20 and A = 0.10. Recall that investment in the subsidized
capital is always positive; investment in the nonsubsidized capital is zero unless the ratio
ky = ’,:m is bigger or equal to the corresponding boundary value (k*); if k; = k*, investment
in both types of capital is positive and k; is unchanged. Though in average for this econ-
omy, consumption, capital and output grow at the same rate, the paths are quite different.
Along the adjustment path the growth rate of capital is fairly constant, while output and
consumption grow at decreasing rates. This reflects the fact that throughout the adjust-
ment path, investment is positive for the subsidized capital only, so growth occurs at the
intensive margin. The output-capital elasticity -along this margin- is decreasing in the
ratio k. At 7 this elasticity is 1.24 while at k~ it is only 0.88.

At k* the growth rates of output, capital and consumption are equal. Along the adjust-
ment path, the growth rates of capital and consumption converge to their corresponding
values at k™. In contrast, the growth rate of output jumps at this point. This reflects the
fact that at k* investment of both capital goods is positive and k; constant, so growth
takes place at the extensive margin. The output-capital elasticity at this point is one.

"We conjecture that as A — oo the assymptotic distribution for k converges to a point mass at k = 1.
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value, there are only two possible values for k;, namely k* and Jx. If the regime does not
change between t and t + 1, k41 will be equal £* while if it changes, k4, will equal k—IK
Note that regardless of whether a change in regime occurred or not between periods ¢ and
t+ 1, at time ¢ + 1 the ratio of the capital that was subsidized in period t to the capital
that was not subsidized in period t will always be k*. Also, since investment in both types
of capital is positive, the values of the subsidized and nonsubsidized capitals are (1 — 7)
and one, respectively.
The equilibrium conditions for capital markets are given by:

(L=r)r(k) = (1=X) [k 1)+ 0 =81 -7+ A0[fi(k", 1)+ (1= 8] (37)
r(k) = (1=X) [R5 1)+ 0 =8+ X 0[f2(k7,1) + (1 = 8)(1 —7)], (38)

where r(k;) is the interest rate and 8 = u'(c(1, k))/u'(c(k*, 1)) = [e(k*,1)/c(1, k*)]°.

Since the right hand side of either of these equations does not depend on k;, it follows
immediately that the interest rate is independent of &4; and thus constant over time. In
the Appendix (Lemma 1) we also establish that c(k*,1) = ¢(1,%*), so § = 1. By adding
these two equations we obtain:

(2-7)r=h0F1)+ (k1) + (1 -6)(2-T),

where r is the constant interest rate. The left hand side is the capital cost of a portfolio
of one unit of capital of each type and the right hand side the return of the portfolio.

Since the growth rate is monotonically related to the interest rate, the above equation
can be used to determine the growth effects of higher variability. As shown in Lemma
2 in the Appendix, an increase in A results in higher k*. A straightforward calculation
shows that since f is homogeneous of degree one and symmetric, fi(k,1) + fo(k,1) is
increasing in k. It follows that r increases with A and so does the growth rate. We have
thus established

Proposition 5. For0 < 7 < 1 and 0 < A < 1, both the boundary k* and the growth
rate are increasing in the degree of policy variability X .

In contrast to the one sector case, higher variability here results in larger welfare losses.
This can be seen as follows. Firstly, as A increases so does k* and thus output i1s produced
less efficiently. Secondly, note that aside form the lower productive efficiency, along the
balanced growth path described this economy looks just like the linear one sector model
with production function Ak, with A = AF(k*,1)/(1 + k*) but with a growth rate that
exceeds the optimal level. Since welfare in the one sector model is a quasiconcave function
of the growth rate, it decreases as growth rates increase with variability.

Proposition 5 establishes a positive association between the boundary value k* and
A for the discrete time case. It is interesting to note that for the continuous time case,
though this also holds true for small A = 0 (see Lemma 3), it does not hold globally. This
can be analyzed by considering the limiting case as A — oo. For high A the capital losses
associated to a regime change must be small, since the original regime is likely to recur in




When the regime changes and the economy is initially at k*, a positive jump in in-
vestment and consequent decrease in consumption (approximately 5.6% ) occurs. Along
with the higher marginal product of investment described above, this explains the higher
growth rates of consumption following this jump. (The growth rate of consumption at g
is more than two times higher than at k*.) Note also that along the adjustment path the
rate of growth of consumption is greater than the rate of growth of output. The gap is
closed by the positive jump of output at ¥* and the negative jump of consumption at 7.

Figure 2 gives the price of nonsubsidized capital, w(k) for 7 = 0.20 and A = 0.10. Since
investment in this type of capital is positive at k*, w(k*) = 1. But for values of k < k*
there is no investment in this capital and thus the price per unit is lower than one. This
price increases with k; (at a decreasing rate), approaching one as k; reaches k*.

The process for regime switching and equilibrium adjustment rules imply a stationary
stochastic process for k; with support in [;1&, k"] and a unique limiting distribution. In the
appendix we provide a method for its computation. This distribution and the correspond-
ing density functions, are plotted for several values of A in Figures 3a and 3b . Since k; is
increasing except for periods in which a regime switch occurs, the distribution puts more
weight on higher values of k; and has a point mass on k*. The invariant distribution can
be used to compute some statistics that describe the long run behavior of the economy.
These are presented in tables 3 and 4, the first one corresponding to a subsidy rate of
10% and the second one to a rate of 20%.

Let k; = k and suppose a change of regime occurs. Since the state switches to 1, the
change in the growth rate depends on whether k1. If k is equal to one, the growth rate
remains constant but if k is bigger than one, the growth rate increases. Since the economy
spends relatively more time in higher values of &;, one may expect the mode! would predict
that in average growth rates increase after regime changes. To verify this conjecture,
average growth rates conditional on a regime change taking place were computed as well
as the unconditional ones. Tables 3 and 4 show that the growth rates after regime changes
are more than 50% higher than the average values.

We now turn to the effect of varability. Consider first the effect on the boundary
value k*. As discussed above, a monotonic relationship is not globally predicted by the
theory. Yet for the range of values considered -with the exception of just one case- higher
variability results in a higher boundary k*.

The effects of changes in variability on the invariant distribution of k; are presented
in Figure 3. Economies with higher variability spend more time on the adjustment path
and less at the extremes. Consequently, there is more mass in values of k; closer to
one. This can also be seen in the last column of Tables 3 and 4, which indicates the
proportion of the time spent by an economy at k*. Notice also that in the cases where
k* increases with variability, the support of the distribution increases in both directions.
Therefore, variability has two opposite effects: it assigns positive mass to more extreme
values but also increases the total mass for values closer to one. Since the long run
indicators are calculated using the invariant distribution, the effects of variability depend
on the strengths of these two effects. The third column of tables 3 an 4 gives the mean
values for k;. For low values of A the first effect predominates and the mean increases.
But for higher values, the second effect dominates and the mean decreases.
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The effects of variability on efficiency (measured as the average output/capital ratio)
depend on the size of the distortion and the initial degree of variability. We found almost
no variation in output per unit of capital. This is due to the high elasticity of substitution
between the two types of capital, (implying that very large distortions are necessary for
the output/capital ratios to exhibit variation) and the relatively small differences in the
mean values of k; for different levels of variability.

We now turn to the effect of variability on growth. With the exception of only one
case (r = 0.20 and A = 2), average growth rates increase with variability. This occurs
mostly because as variability increases, the economies spend an increasing proportion of
the time in periods of adjustment where investment is positive only for the subsidized
capital. For instance, the last column of Table 4 shows that when A = 2 (ED = 0.5)
the economy spends only 8% of the time at k* and the remaining time in periods of
adjustment. Since we argued that growth rates are higher in periods of adjustment, the
higher growth in economies with more variability can be thus explained. This also implies
that, as variability increases, an increasing share of investment is subsidized and thus the
average subsidy per unit of capital increases. This is shown in column 6 of Tables 3 and 4.
For instance, for 7 = 0.20 an economy with A = 2 has a subsidy/capital ratio almost twice

as high as an economy with no variability.® Thus, the effective intertemporal distortion
increases with variability.

The welfare effects follow a corresponding pattern, mirroring the changes in the growth

rates. The values obtained indicate that in this two sector model higher variability leads
to lower welfare.

4. SUMMARY AND CONCLUSIONS.

This paper has explored the effect of policy variability on the level and characteristics
of growth. We find that, contrary to prior views, the lack of persistence in policies per
se need not be welfare reducing and that it can enhance growth. We also find that it is
important to distinguish the type of policies that alternate in order to assess its impact.

In a neoclassical model, the main determinant of the growth rate of an economy is
the rate of return to investment. For the representative agent economy, in absence of
externalities or market failure, a competitive equilibrium results in an optimal allocation.
Consequently, policies that raise the rate of return to investment lead to higher growth
rates and lower welfare. This suggests that the consequences of policy variability are
closely linked to the way it affects the rate of return to investment.

Policy variability, or the degree of regime switching, affects the extent to which policies
that will prevail in a future regime may, in anticipation, affect investment decisions in a
prior one. In the extreme, when there is no variability, regimes are completely isolated
and have no impact on each other. But when a change of regime is likely to occur, future
policies can play an important role in current rate of return calculations. Our analysis
distinguishes two sources of cross-regime effects, one operating through income and the
other through substitution effects. The first dominate when the policies that alternate
differ in the degree to which investment (vis a vis consumption) is subsidized, while the
type of capital subsidized does not change significantly over time. This was the case

8Notice the contrast with the one sector mode! where, by reducing investment in periods of subsidy,
higher variability resulted in a lower subsidy/capital ratio.
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studied in the one sector model. The substitution effect predominates when it is not the
level but the mix of subsidies that vary over time. This was the case studied in the two
sector model.

The anticipation of a period of high (low) consumption -and thus lower (higher)
marginal utility- has a negative (positive) effect on the rate of return to investment.
In the one sector model, periods of subsidy are periods of low consumption and periods
of no subsidy are periods of high consumption. Thus, lower persistence tends to reduce
the rate of return to investment and total investment in periods of subsidy and increase
them in periods of no subsidy. This decreases investment rates in periods of subsidy and
increases them in periods of no subsidy, thus reducing the amplitude of fluctuations in
consumption. This is the income effect.

In the one sector model we find that variability is welfare improving and that it is likely
to decrease growth. The first result may perhaps seem counterintuitive given that the
standard intuition suggests that uncertain consumption profiles are typically associated
with lower welfare. Our analysis indicates that it is important to distinguish between the
frequency and amplitude of consumption oscillations. Larger amplitude of oscillations are
clearly welfare reducing. But as indicated above, the higher frequency of oscillations that
results from higher variability leads to lower amplitude. This explains the welfare effect.

If regimes affect the type of capital that is subsidized and not the rate of subsidy
-as occurs in the two sector model- the substitution effect prevails. The anticipation of a
change in the type of capital to be subsidized, increases the rate of return to investment
in the currently subsidized one. Higher variability has the effect of further delaying
the investment in capital goods that are not currently subsidized and concentrating most
investment in those that are. As a consequence, the rate of subsidy per unit of investment
increases, as the share of subsidized investment does so. This increases the average growth
rate but decreases welfare.

Another interesting result obtained from the two sector model is a sort of "spring”
effect that occurs after regimes change. More precisely, we find that regime changes are
likely to be followed by a jump in investment and growth rates. This occurs because the
delay in the investment of nonsubsidized capital goods in anticipation of future subsidies,
has the effect of raising the desired investment rate at the time the change in regime occurs
and the new subsidies appear. Following the initial jump, growth rates monotonically
decrease over time and the spring is over.

Transitional dynamics play an important role in the two sector model, particularly
when variability is high and thus the economy spends a large fraction of the time in
periods of adjustment. In the presence of reallocation shocks as the ones considered here,
aggregating capital and abstracting from the sectoral component can thus be misleading.
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Appendix

1. PROOFS

Proof of Proposition 2: Let R, and R, represent the partial derivatives of R with
respect to ¢g(0) and g(1) respectively. Substituting (15) into (13) and (14), differentiating
with respect to 7 and rearranging:

o— AR, —AR, 59(0) -A525
.’iﬂ o _+. lﬂ_él a_gé) - A A
R2

R2 ar -t (1-7)R

Solving this system and simplifying we obtain

89(0) _ 0oAR A ~
e = B [ | (39)
b9(1) _ _ oA o A1-7)

where D, the determinant of the system, satisfies

D :02*)\1;?00—%/\0& > 0,
R2

because Ry < 0 and R; > 0.
Proof of Proposition 3: Substituting (15) into (13) and (14), differentiating with
respect to A and rearranging:

(J—Aﬁo —\R, )(%)_( R—1 )
-*ﬁn a+%121 2g(1) R1-1

Solving the system and simplifying we obtain

3 ol . . ANER-V
ox = p|fY R(A—g(l)—é)} o
d() _ o [ o . MR-
ox = pr| ATV <A—g<0)—6>}' )

Since R > 1, 241 < 0 for all A > 0. The sign of 22 depends on A. If A is sufficiently
close to zero, 8—%(:\9) > 0, but for larger A the opposite will be true.

Lemma 1. c¢(k*1)= ¢(1,k*).
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Proof. Let g(k:) = E (%l—l) represent the growth rate of consumption

when f:‘: = k¢. Let g,(k:) and g.(k:) represent the growth rates of k,; and k,;. Notice
that if k;, = k*, both types of capital grow at the same rate (i.e., g,(k*) = gn(k*)).
If instead k;, = 7:175, ki+1 has to equal k* if the regime does not change and therefore

g,(plt() = k*?g,(&x). Using these properties of the growth rates of capital we get:

gs(k*)

g(k™) (k1) [(1 = N)e(k*,1) + Ae(1, k%)) (43)
9(z) = ECL(’;—’:(’:—__K))[(I—,\)c(k",l)+/\c(1,k‘)]. (44)

Since the interest rate is independent of k; and monotonically related to g(k;) it follows
that g(k*) = g(Z). Using (43) and (44):

(k1) gi(k)

oL k) = Fga(d) (49)

Notice that :
k1) = f(R1) = [g.(K") — (1 — 8))(1+ k) (46)
e(1,k) = f(l,k*)—[gn(k%)k**(l-5)](1+k*). (47)

Using (45), (46), (47) and the symmetry of the production function we can conclude that
c(k*,1) = c(1,k*).

Lemma 2. Consider the discrete time two sector model with0 < A < 1,0 < 7 < 1 and
assume that the adjustment takes place in one period, then k* is increasing in .

Proof. We divide (37) by (38) to get:
B 1) (1 =1)= fi(k, 1) = M1 = é)7(2—7). (48)
Notice that as f; > 0 and f1; < 0 the left hand side of (48) is increasing in k*. Because
the right hand side is always positive and the left hand side is negative at k* =1, k* is

bigger than one. Assume ) increases, this increases the right hand side and therefore k*
has to increase.

Lemma 3. Consider the continuous time two sector model with A > 0 and 0 < 7 < 1,
then the boundary value k* is increasing in A at A = 0.

Proof. Using equations (26) and (27) at k = k™, we get:

1
Fi(k* 1) = fahoe, (1 = 7) = ARG (1= 7 = ()] =0 (49)
Differentiating (49) with respect to A and evaluating the derivative at A = 0 we have:

ok R [(1-7)? - w(i)]

7)) A=0 N f]](k*, 1) - fgl(k*, 1)(1 - T)
Notice that if w(;5) = (1 — 7)?, the relative prices of the two types of capital at k* and Jx
coincide. Therefore, w(k—lt;;) > (1 —7)% Since fi; < 0and f2; > 0, (50) is strictly positive.

(50)
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2. METHOD OF COMPUTATION.

This section describes the method used to compute the equilibrium in the two sector
model. Using (25)-(27) the following equations are derived:

(1 =7)[r(k) + A+ 6] = fi(k, 1)+ /\w(%) [kcc((k%ll))] (51)
and
W(k) [r(k) + A+ 6) = falk, 1)+ w!/ (k) + A(1 - 7) []:c((k%ll))] , (52)
where
r(k) = pt o {icn +< g:ll))k] (5)

and c(k,1) satisfies

c(k, 1) = f(k,1) =61+ k) — k — k(1 + k) (54)

where k, is the time derivative of the non-subsidized capital.

The above equations define a differential system in the k-space which can be used
to solve for the unknown functions of k. From our previous analysis, the state space can
be partitioned in the two sets: a) k = k*, where k = 0, w(k*) = 1 and k, is equal to
the rate of growth of the economy; b) k < k*, where k, = —6. In the first case, equation
(54) can be used to eliminate k, and equation (53) to eliminate r(k). Similar procedure
can be followed in case (b). The resulting differential system involves the unknowns:
(k*,w(k),c(k,1)) and the derivatives of the last two functions.

The solution is obtained by iteration on these functions. Given two differentiable

functions w,(k) and c,(k) defined on a domain [0, k%], c,4+; and w,4, are cbtained as
follows.

Step 1. Determination of k. Solving for r(k;,,) as indicated above we get

f(k:1+1* 1) — Cn+1(k;+1v 1)

)
s

r(kra)) =p+o

Using this equation, letting k = 0, and using the functions w, and ¢, to evaluate
wni1(za—) and C"H(p\l:’ 1), equations (51) and (52) solve for k;_, and c,+1(kj;q,1).
n+l n
Step 2. Determination of wpyq and c,41. Assuming the growth rate of consumption
(and thus r) is continuous at £~ it follows that

ki1 1) = cnpr(krgns 1) _§= Crar(kiig 1)
L+ kryy Cn+1(k;+1»1)

(f(k;+1s 1) = cnp1(kngys 1)) -6

which implies that
Cn+1(k;+171)
T+ by

Assuming wp4, is differentiable, it follows that w}_,(k;,.,) = 0.

C:1+1(k:1+171) =
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Choose a grid {k;}7-, on [?&—1’ k,"l“} such that k; = En?TJ Abusing notation we will

let ¢; = cat1(kj, 1) and the same for w; and the derivatives of both functions. Using
equations (54) and (53) to eliminate k and r(k), equations (51) and (52) yield:

/

(1-7) [p+a [ﬁu(kj,l) —cn] £ A+ 4(1 —cr)] =

Cj

[k, 1) + Awg (kmj) [?c—(%—l)]

and

/

w; [P+ T, L—;(f(kj,l)—cj)] +A+6(1 *U)} =

o
’ )
Pl 1)+ w10k 1) = ) + 31 = ) | =]

The values for ¢, (km~;,1) and w,(k.,_;) are obtained by using the functions previously
interpolated . Given those values and (wj,c;), these two equations can be used to solve
linearly for ¢; and wj. Setting w;y, = w; + wi(k;j41 — k;) and similarly for c;41, the
procedure continues until all values are computed. By polynomial interpolation the new
functions cn41 and w4 are thus obtained. This process is continued until the change in
the functions and in k] is below some given critical level.

Note that by using the functions ¢, and w, in the way just described, the above
set of equations define an ordinary differential equation system parameterized by these
functions. This defines implicitly a mapping from the space of ¢ and w functions into
itself. The iterations that are followed seek to find the fixed point of this map.

Invariant distribution.

The stochastic process for k(¢) is given by the following:

e A differential equation k = g(k), where g(k) = 0 and g(k) > 0 for k < k.

¢ Poisson jumps with arrival rate A, that change the state from k to }.

The invariant probability measure for this process has support on [, k] and is the sum
of an absolutely continuous measure with density u and a point mass on {k}.

We now proceed to characterize this invariant probability measure.

It is convenient to treat the deterministic and stochastic part separately. Let H(k,t) =
{z : k(t) = k given k(0) = z}, assuming k(t) satisfies the differential equation k= g(k).
Fix % < ko < A1 < k. Pick t small enough so that % < H(ko,t) < ky and ko < H(ky,t) < k.
If there are not Poisson jumps, the change in the mass on the interval [ko, k1] in a length
of time ¢ is given by

¢(t,k0.kl):/k° u(:v)d:v—/kl w(z)dz

(55)
H(kq,t) Hky,t)
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Taking the derivative of this function with respect to ¢ we obtain
é1(t, ko, k) = — Ha(ko, t)u(H (ko,t)) — Ha(ky, t)u(H (k1 1))
For small ¢, H(k,t) = k — g(k)t. Hence
61(0, ko, k1) = g(ko)u(ko) — g(k1)u(ky)

This expression gives the time derivative of the mass contained in [kg, k;] conditional on
no Poisson jump in k. To obtain a similar expression for the density note that

¢1(0, ko, k1)

Jm e = —g'(ko)u(ko) — g(ko)u'(ko) (56)

Dtu(kO) |nopoiaaon jump—

The net change per unit time in u(ko) due to the Poisson jumps only is given by

Dtu(kO)lpoissonjumponly =A [U(klo) - u(ko)] (57)
Combining equations (56) and (57) we obtain
Dou(k) = =g (k)ulk) — g(k)u' (k) + A [u(5) = u(h)] (58)

Forall &k € (%, k) and since u is part of an invariant density, equating equation (58) to
zero we obtain the differential equation for u

Mu(g) — u(k)| —u(k)g'(k
iy = ) (g()k]) (k)g' (k) 59)

We now need to take care of the endpoints. Let § be the mass at k. The inflow to

point % is this mass 6 at an arrival rate A.

The outflow can be calculated as

1 pitelie 1, 1
%1{% N 1 u(z)dr = *u(z)g(z)-
This gives
Deu(z) = 26— u()a(5)
u(=) = —u{=)g(=).
% PR
which equating to zero gives
1 Ad ;
u(=) = ——. (60
ey )

Finally, the density u and the point mass at k must integrate to one. This provides
the following equation
k
/1 w(z)dz =16 (61)
k

Equations (59), (60) and (61) can be used to solve uniquely for the density u and mass
.

Computation.

Take a grld {kn,k_n+1,..., k_l,ko,kl,...,kn_l,kn}, where 1 = ko < kl < .. < kn—l <
k. =k and k_; = % for all .
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1. Set u(1) = 1 and using equation (59) compute u’(1).
2. Use linear approximation of u at ko = 1 to compute u(k-;) and u(k;).

3. Recursive step: Having estimates for u(k_;) and u(k;), use (59) to compute
u/(k_;) and u/(k;). Use these estimates to approximately linearly u at k_; and
k; respectively to compute u(k_;_;) and u(k;41).

4. Continue step (3) until % is reached. Denote by # the density thus constructed.

5. Note that if we have started by setting u(1) = 8 > 0, the procedure would
have given the density . Using this and equations (60) and (61) we obtain
the following two linear equations to solve for 3 and §

]

8 (S a

k

g (

)d:r> — 1-6

pY;
a(§)

g
SN

Welfare Analysis.

One Sector Model

Let V(k) denote the expected discounted utility when capital is k¥ and the current
regime is one of subsidy. Let W (k) be the corresponding value when there is no subsidy.
These functions satisfy the following equations

ct(l)l-—a

pV(k) = =——+ V'(kYk + MW (k) = V(k))
and .
pw(k) = L w4 v ) - W)

It is immediate to show that V(k) = vk!=? and W (k) = wk!~° for some v and w that

satisfy
C(l )l—a

o= )1 =+ A - v) (62)
and oyi-o
pw = Cg 10 +g(0)(1 — o)w + A(v — w). (63)

Equations (62) and (63) can be easily solved for v and w.

Two sector model.

Let V(k, ) denote the expected discounted utility of the representative agent if the
initial state is k, = z and k, = kz. For k¥ < k*, V satisfies the following functional
equation
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1-0 .
pV(k,z) = Il‘”c(%é—)—a—— + Vi(k,z)k — §Vo(k,x)x + A V(%,kaz) - V(k,z)|.

It 1s easy to check that the solution to this equation must satisfy
V(k,z) =x'"v(k)

and
po(k) = LD Lk — 81— o)o(k) + A [kl‘”v(%) - v(k)] . (64)

For k = k* and letting ¢g* denote the growth rate at k*, the following equation holds

l—0o

pv(k*) _ C(k-)l—a

+g*(1 = o)o(k*) + A [k*l‘”v(%) - v(k-)] (65)

l-0
Replacing c(k,1) and k by the equilibrium decision rules, equations (64) and (65)
provide an ODFE and a boundary condition to solve for v.

This equation can be easily solved by numerical method. The following procedure
was used. For any arbitrary value of v(1), start at k = 1 and move in both directions
(e.g. first use equation (64) to calculate v'(1). Then set v(1 + A) = v(1) + v'(1)A and
v(mg) =v(l) - v’(l)H_AA. Then use equation (64) again to obtain v'(1 4+ A) and v'(337)
and continue in the same fashion). Once the endpoints are reached, subtract the right
hand side of( 65) from left hand side. This defines a mapping F(v(1)), the zero of which
gives the right initial condition.




References

Aizenman, Joshua and Nancy Marion. 1991. "Policy Uncertainty, Persistence and
Growth.” Working Paper No. 3848. Cambridge, Mass.:NBER.

Chenery, H., S. Robinson and M. Syrquin. 1986. ”Industrialization and Growth: A
Comparative Study”. Oxford University Press.

Easterly, William and Deborah Wetzel. 1989. ”Policy Determinants of Growth: Survey
of Theory and Evidence”, World Bank PPR WPS 343.

Easterly, William; Robert G. King; Ross Levine and Sergio Rebelo. 1991. "Do National
Policies Affect Long Run Growth? A Research Agenda” World Bank.

Easterly, William. 1990. ”Endogenous Growth in Developing Countries With Government
Induced Distortions”, World Bank.

FIEL (Fundacion de Investigaciones Economicas Latinoamericanas). 1988. ”Regulaciones
y Estancamiento: el Caso Argentino”, Ediciones Manantial, Buenos Aires, Ar-
gentina.

FIEL (Fundacion de Investigaciones Economicas Latinoamericanas). 1990. ” Argentina:
Hacia una Economia de Mercado”, Ediciones Manantial, Buenos Aires, Argentina.

Harrison, Ann. 1991. "Openess and Growth: A Time-Series, Cross-Country Analysis for
Developing Countries”. World Bank.

Jones, Larry E. and Rodolfo E. Manuelli. 1990. ” A Convex Model of Equilibrium Growth:
Theory and Policy Implications.” Journal of Political Economy, Vol. 98, No. 5.

Jones, Larry, Rodolfo E. Manuelli and Peter E. Rossi. 1991. ”Optimal Taxation in Models
of Endogenous Growth”.

King, Robert G. and Sergio Rebelo. 1990. ”Public Policy and Economic Growth: Devel-
oping Neoclassical Implications,” Journal of Political Economy, Vol.98 No.5 Part
2.

King, Robert G. and Sergio Rebelo. 1989. "Transitional Dynamics and Economic Growth
in Neoclassical Models,” NBER Working Paper No. 3185.

Krueger, Anne O.. 1978. Liberalization Attempts and Consequences. Cambridge, Mass.:
Ballinger (for NBER).

Lucas, Robert E. Jr.. 1988. ”On the Mechanics of Economic Development,” Journal of
Monetary Economics, 22.

Mulligan, Casey B., and Sala-i-Martin, Xavier. 1991. "Two Capital Goods Models of
Endogenous Growth: Steady State, Transitional Dynamics, and Empirical Impli-
cations”, Manuscript Yale University.

Rebelo, Sergio. 1991. "Long Run Policy Analysis and Long Run Growth,” Journal of
Political Economy, Vol.99 No.3..

Romer, Paul M.,1986. "Increasing Returns and Long Run Growth.” Journal of Political
Economy, Vol.94, No.5.




Table 1: One Sector Model (7 = 0.10)

ED* g g wfu E(E)x100 W, W, W

oo 2.00 2.89 244 0.644 -625 -658 -641

100 2.14 2.78 2.46 0.639 -630 -646 -638

50 2.20 2.72 2.46 0.636 -631 -642 -637

10 231 260 245 0.630 -633 -635 -634

5 233 2.57 245 0.629 -633 -634 -634

2 234 255 245 0.628 -633 -634 -633

1 235 255 245 0.627 -633 -633 -633

0.5 235 254 245 0.627 -633 -633 -633
saED=1

)
'In percentage terms. go =growth rate in the no subsidy regime;

g1 =growth rate in the subsidy regime

Table 2: One Sector Model (7 = 0.20)

ED® g ¢ @u E(E)x100 Wo Wi W

oo 2.00 4.00 3.00 1.400 -625 -833 -729

100 248 3.75 3.12 1.375 -657 -757 -707

50 2.62 3.62 3.12 1.362 -666 -726 -696

10 2.78 3.32 3.05 1.332 -672 -682 -677

5 2.81 3.25 3.03 1.325 -671 -675 -673

2 2.82 3.20 3.01 1.320 -670 -671 -671

1 283 3.19 3.01 1.319 -669 -670 -670

0.5 2.83 3.18 3.01 1.318 -669 -669 -669
“ED:%

*In percentage terms. g, =growth rate in the no subsidy regime;
g1 =growth rate in the subsidy regime
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Table 3: Two Sector Model (7 = 0.10)

ED* &k k& E(&) E(&(|switch) E(5Zz)x100 EV© % timeat k"
oo 1.23 123 244 3.20 0.686 -641 100.0
100 1.26 1.26 2.45 3.28 0.704 -643 98.2
50 1.29 1.28 2.46 3.35 0.722 -645 96.1
10 1.44 135 251 3.66 0.854 -657 77.6
5 155 136  2.56 3.73 0.964 -668 59.6
2 165 129 265 3.62 1.100 -673 35.3
1 165 1.23 271 3.50 1.170 -674 22.3
05 1.61 1.18 2.79 3.45 1.220 -677 13.9
*ED=1;
In percentage terms.
¢EV =expected discounted utility when % =k and k1 4+ ko = 1.
Table 4: Two Sector Model (7 = 0.20)
ED* k k E(2)* E(&|switch) E(58z)x100 EV© % time at k*
oo 1.56 1.56  3.00 4.89 1.59 -713 100.0
100 1.62 1.60 3.01 5.03 1.65 -722 96.5
50 1.67 1.63 3.04 5.15 1.70 -732 92.8
10 198 1.71 3.19 5.52 2.06 -787 66.5
5 216 1.67 3.31 5.51 2.28 -822 47.0
2 231 157 342 5.38 2.51 -855 25.0
1 232 1.52 343 5.33 2.61 -866 14.6
0.5 2.28 148 3.39 5.30 2.67 -865 8.3
“ED:%

’In percentage terms.
¢EV =expected discounted utility when %;- =kand k;+k, = 1.
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