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The paper considers the response of a small, open dependent economy
to a variety of fiscal and financial shocks as well as the influence of
alternative budget balancing rules on the response of the system to such
external shocks as a change in the world interest rate.

The approach allows for both uncertain individual lifetimes and
population growth, using a slightly generalized version of the Yaari-Blanchard
model of consumer behavior. Debt neutrality does not prevail unless the sum
of the population growth rate and the individual's probability of death equals
zero. The government spends on traded and non-traded goods and raises tax
revenue both through a lump sum tax and through a distortionary tax on the
production of traded goods.

Even though the tax on the production of traded goods is the only
conventional distortion in the model, changes in this tax rate will have first
order real income effects even when the distortion is evaluated at a zero tax
rate, as long as the individual's subjective pure rate of time preference
differs from the interest rate. This can occur even in well-behaved steady
states of the Yaari-Blanchard model, as long as the population growth rate
plus the probability of death differ from zero. This "intrinsic"” distortion
effectively causes second-best arguments to apply even when there is only one
conventional distortion.

Even in the absence of government budget deficits, fiscal choices
relating to the composition of public spending and the structure of taxation
have important short-term and long—term consequences for the real exchange
rate, the sectoral allocation of production, the level and composition of
private consumption, the current account (in the short run) and the nation's
stock of claims on the rest of the world in the long run.
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l. Introduction

This is the first of a series of three papers dealing Qith the
macroeconomic effects of fiscal policy in an open economy, a very broad
subject area. It covers the.implications of alternative public spending,
revénue raising and financing actions.(or of alternative public spending,
revenue raising and financing rules) for a wide range of endogenous
macroeconomic variables, both prices and quantities. Ahong the most important
prices are nominal and real interest rates and the cost of capital, the
nominal and real exchange rate, the nominal and real wage rate, the terms of
trade and the general price level. The most important quantities are the
level of domestic output and employment and their composition in terms of,
traded and nontraded goods sectors, the domestic capital stock and the
domestic rate.of cépital accumulation, the financial assets and liabilities of
the private and government sectors and their firancial deficits or
surpluses. The responses of these prices and quantities can be studied in the
short run (i.e. at a point in time), in the timeless long run of the
stationary or steady state and, most interestingly, along a "real-time"
dynami¢ adjustment path.

There are many taxonomies for classifying and subdividing this vast
~subject. The one adopted in these papers involves a two way "real" vs.
"monetary" and '"balanced-budget" vs. "unbalanced budget" classification. Real
models, considered in the first two papers, do not include a monetary
sector. Private agents do not hold money and seigniorage or the inflation'tax
is not a source of government revenue. GCovernments can borrow, by issuing
interest-bearing '"real" debt, and financial crowding out can occur, in the
short-run and/or the long run.- Money is added to the private sector's
portfolio of financial assets and money creation to the public sector's

sources of revenue in the third paper.
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The "balanced" vs. "unbalanced" budget dichotomy emphasizes that
there are two kinds of macroeconomic effects associated with fiscal policy,
even in ''real" ﬁodels where money financing is not an option. The first kind
operates through the public sector debt dynamics associated with unbalanced
public sector budgets, i.e. with public sectors financial deficits or
surpiuses. The presence of these effects is contingent on the absence of
"debt neutrality'". The second kind, the balanced budget effects, are the
consequénces of variations in the volume and composition of public spending

and in the level and structure of taxation for real and nominal variables that

occur even when the budget is balanced continuously. These effects are not
contingent on the absence of debt neutrality. They operate through "direct
crowding out" (Buiter [1977]), i.e. through the direct complementarity or
substitutability of-public consumption or investme&t and private consumption
or investment, thrcugh the direct (selective or across-the-board) preemption
of real resources by government absorption and through the allocative or
incentive effects of changes in non-lump sum taxes, transfers, or subsidies.
| Recently, the focus of much macroeconomic analysis has been on public
sector debt and deficits and their consequences, through "indirect financial

" for private saving, capital formation and the current account

crowding out,
of the balance of payments. The second and third papers address some of these
issues. The present paper, however, focuses on.the important effects of
balanced budget fiscal policy on the real exchaage rate, the sectoral
allocation of productive resources between trad2d and non-traded goods,
private consumptior and the nation's net externél asset position. It
considers the impact, steady state and transitional effects of balanced-budget

fiscal policy in a simple open economy macroeconomic model, which is set out

in Section 2. The "balanced budget' in this paper is, strictly speaking, a
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"real growth corrected" balanced budget. In such an equilibrium the deficit,
as a fraction of full empioyment GDP, equals nB, where n is the growth rate of
full‘employmenﬁ real output and 8 is the public debt outstanding as a fraction
of capacity GDP. Such a policy keepé the burden of the debt, B8, constant over
time. When there is no real growth (n=0) the growth-corrected balanced budget
and the conventional balanced budget coincide for the model of papers 1l and

2. For the monetary model in paper 3 we define a ''real growth, inflation and

exchange rate appreciation-corrected balanced budget.'" This corresponds to a

conventionally measured budget deficit (as a fracticn of GDP) e

ng +p (1 - kl) B - ek, + (n + p) u. Here n is as before the growth rate of

2
capacity real output, 8 is the ratio of all government interest=-bearing public
debt to capacity GDP, ky is the share of the public debt that is index-linked,
k, is the share of the ppblic debt tﬁat is dencminated in foreign cuffency, u
is the -monetary base-capacity GDP ratio, ; is the rate of inflation and ; is
the proportional rate of exchange rate depreciation. A deficit or surplus of
this magnitude is consistent with maintaining a constant overall debt burden
and with constant ratios to capacity GDP of each of the interest-bearing and
monetary liabilities of the authorities.

The model developed in Section 2 of this paper bundles familiar
ingredients in a somewhat novel fashion.- Private consumption behavior is
modeled according to the uncertain lifetimes version of the overlapping
generations model due to Yaari (1965) and firs:t applied to the analysis of
macroeconomic issnies by Blanchard (1984, 1985). Uncertain lifetimes result in
effective private sector subjectivé discount rates that exceed the pure rate
of time preference and in effective private sector market discount rates that

exceed the government's interest rate. This causes absence of debt-neutrality

and creates a non-trivial role for financial policy, i.e. for variations in
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the taxation-borrowing mix for a given path of real public spending on current
goods and services (or "exhaustive" spending), even when taxes a;e lump-~sum.

Even without uncertain lifetimes, population growth alone can, as
shown by Weil (1985), cause absence of debt neutrality. Even infinite-lived
consumers cannot command the resourceg of those yet to be born, while the
authorities can use them as a tax base. A growing population therefore
extends the public sectors's opportunity set beyond that available to the
private agents currently alive. (See also Buiter [1986b]).

The-production side of.the model is the "dependent economy model" of
Wilson (1931), Swan (1960) and Salter (1959) in the modern version due to
Dornbusch (1974, 1980, Ch. 6, pp. 93-116). ' .

The country is assumed to be a price taker in the world markets for
all tradeable;, impo;tables and exporﬁables alike. The terms of trade are
therefore exogenéus. For the issues addressed in these papers theyvcan be
ignored. They are aggregated into a composite commodity, traded goods. Non-
traded good; are also produced and consumed (by the private and the public
sector). The real exchange rate, or the relative price of traded to non-
traded goods, is the crucial atemporal or sgatic relative price in this.
model. Wage and price flexiblity and full emplcyment of resources are assumed
~to hold throughout.

Some of the key conclusions are the foilowing. Balanced budget
fiscal policy actions will in general have short-run and long-run effects on
the real exchange rate and real private absorption. They will also tend to
have transitory effects on the current account and permanent effects on th2
nation's net foreign asset position. "Balanced-budget multipliers' can be
negative in the short run and in the long run when the increase in.public

spending is financed by higher distortionary tax rates. An increase in the



SUD/wb/08-22-86 -5 -

distortionary tax rate on the production of tradeables may have such strong
negative income effects, that the demand for nontraded goods declines
sufficiently toblower the producer's relative price of nontraded goods. In
thét extreme case nontradeables produétion could contract and tradeables
production expand in spite of the incréase in the tzx rate on traded goods
production. This can happen evgn.when the initial Zavel of the distortion is
zero, if the (exogenous) real interest rate exceeds the (exogenous) rate of
time-preference, something that is consistent with zquilibrium given Yaari-

Blanchard preferences.

2. The Model

a. Private Consumption

Household consumption behaviof i§ determined by the intertemporal
optimization model of Yaari and Blanchard (Yaari f1965], Blanchard [1984,
1985]). Each individual has a constant (age-and time-independent)
instantaneous probability of death A 2 0. Another interpretation of A is the
probabiiity of dynastic extinction (through childlessness) in a model in which
an intergenerational gift or bequesf motive 1s permitted. The details of the
derivation of the individual and aggregate consumption rules are given in
Appendix 1. The important consequences of introducing uncertain lifetimes are
(1) that the effective instantaneaus subjéctive discount rate of households is
§ + A, where § is the instantaneous pure rate of subjective time preference
(8 > 0) and (2) that the effective market discount rate is r + A where r is
the instantaneous real interest rate.. Population growth in addition means
that the public sector's tax base grows at a rate n, unlike the resource base
available to those private agents currently alive (even if A=0). (See Weil

[1985] and Buiter [1986b]}).
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An individual household discounts its uncertain future after-tax non-
interest income using a discount rate r + A, while the government discounts
its certain and growing (at a rate n) aggregate future tax revenue using a
discount rate r. Another way of looking at this is that aggregate private
consumption and saving behavior are functions of the human capital of those
households that are.currently ;live. The government knows it will be able to
tax in the future both those households alive today and those yet to be born

that survive into the future. Its tax revenues are therefore not subject to

income stream, and unlike the individual's, grow at a rate n.

With private discount rates exéeeding public sector discount rates as
long as A + n > 0, there will be no debt neutrality: for a given program of
government spendiné on real goods and éervices {or exhaustive.spending), the
substitution of public bbrrowing for current taxation will affect private
consumption. and aggregate private plus public saving, even if the taxes are
lump-sum. The debt neutrality case is the special case of this model
where A =n =0 and households live forever.

Aggregate household behavior is characterized in equations (1)
through (5). q denotes per capita private consumption expenditure, measured
in terms of traded goods. w is per-capita non-human or financial household
wealth, h per capita human capitai, T per.capita non-interest income and 1 per
capita taxes net c¢f transers. w, h, m and t are measured in terms of traded
goods. xp is per capita household consumption cf traded goods, Xy per caplta
household consumption of non-traded goods and p the relative price of non-
traded goods, i.e. the reciprocal of the real exchange rate. r is the
instantaneous real interest rate measured in terms ofbtraded goods

and n 2 0 the constant instantaneous population-growth rate.
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(1) q=(5+1) (w+h) § >0, A 20
(2) ; =(r-n)w+n- T - q r>0;n20
. -I: (r(u) + 1) du

(3) h(t) = [T e [n(w) - t(v)] dv 1/

or
(3') h=(r+a)h-(r-1)
(4) Q= xp * pxy
(5a) xT=n(p)q ' Osnsl;n'i 0 L-n+pn" >0
(5b) XN':,(I—'-VPL(P)—)Yq

Per caﬁita consumption, é, is a constant, § + A times comprehensive
(human plus non-human) per capita wealth. Per capita consumptisn of the
individual commodities, Xy and Xy is determined recursively, given q, by
equatiéns (5a, b). As shown in Appendix 1, equations (1) and (5a, b) result
when the individual's utility functional is time-additive with a constant
. risk—adjusted éubjectivé instantaneous discount rate § + A, and instantaneous
utility a logarithmic function of a linear homogenous function of the
instantaneous consumption vector (x, xN)‘

With homothetic preferences over instantaneous consumption, it is

easily checked that, given q, an increase in the relative price of non-traced

2 0) while it

goods can either raise or lower consumption of traded goods (n' <

must lower the consumption of non-traded goods (1 - n + pn' > 0).
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In Figure 1, the budget constraint qE represents a higher value of p
than qF. With homethetic preferences, indifference curves have a common slope
along any ray th?ough the origin such as OA. With strictly convex
indifference curves such as KK and K'K', the consumer's equilibrium moves from
B to D when p increases. Xy falls while X either increases or decreases. In

the Cabb—Douglas case (5a', b') Xy remains unchanged.

(5a') | X, = aq 0

IA
Q

IA
—

(1‘_“)_q

(5b') XN >

For the CES family, given in (5a", b") xp increases when the

elasticity of substitution (o = T%E) 1s greater than 1 and falls when it is

less than 1.

A
(5a")  x, = [l + (Tg;> p-1 p°'11'1_q 0<ac<l;o<l
A 1 e
" = (( 8 p-l _a yp-l o-1.-1
(s56")  xg = ((353) ) [1+ G) N

In the extreme case of Leontief indifference curves (shown as LL and
L'L' in Figure 1) with a zero elasticity of substitution, consumption of both
goods contracts along the ray OA from B to C as p increases.

Note that the consumption functiom (1) can, using (2) and (3') be

rewrltten as:

(1) q=(-(G+n))q-2(6+2) w+n(s+2)h

or



Figure 1
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(")  q=(r-8)q-(+n)(6+1)w

Even though public sector debt and deficits matter in the Yaari-
Blanchard model with A > 0, financial markets are "perfect" in the sense that -
households can borrow against the security of their expected future after-tax
labor income, i.e. that (discounted) future expected disposable labor income
is as good a source of purchasing power as current disposable income. One
could weaken this e.g. by assuming that a fraction y of households in each
vintage is constrained to spend its current disposable income. The remaining
fraction, 1 - y, would follow the Yaari-Blaqchard paradigm and would determine
its consumption behavior subject only to its intertemporal present value
budget constraint. Under this specification of aggregate consumption
behavior, equgtion (i) would be replaced'by (1"'), while equations (2), (3),

(4), and (5a,b) remain the same.

v
Q.

(") q = (8 +A) (w+ (1 -y)h) +y (n - 1) Y
" In the interest of simplicity the present paper only consider the
case where y = 0. It is easily checked that, if r = §, the steady state
_properties (but not the'dynamics) of the model are independent of vy,
Equation (2) defines the rate of change of non-human wealth per
capita as saving per capita (rw + m = Tt - q) minus the amount of asset
accumulation required .to offset the effects of population growth (nw).  For
each individual born at time s, human wealth h(s,t) evolves according
to %E h(s,t) = (r +A) h (s, t) - (7 (s, t) - T(s,t)), 2/ i.e. it equals the

present value of future disposable non-intevest income, using the risk-

ad justed discount rate r + A:
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o b (cu) +2) du
e

. (v (s, v) - T (s, v) dv

(s, t) =]
Aggregate human wealth H can be shown to evolve according to
H(t) = (r + A +n) H- 101 - T, where I and T are aggregate non-interest income
and taxes respectively. Per capita human wealth therefore again evolves

according to (3').

Production

The production. of traded and nontraded goods is modeled through the
device of the representative competitive multiproduct firm which maximizes at
each instant the value of its production of traded and nontraded goods subject
to the technologicél production possibility frontier & skefchéd in Figure 2.
YT and yy are the per capita production of traded and nontraded goods,

respectively. The firm's problem is

max v = (1 - @) Yp * PYy 0 <1
Y-rvyN
yp = olyy) ' < 0; 4" <0

@ is the rate of taxation on the production of traded goods. The world price
of traded goods, which is also the price faced by consumers, is unity. The
producer's price is 1 - 6.

The first-order condition for an interior optimum is TgE = -l'(yN).
This permits us to write the per capita supplies of traded and nontraded goods

as functions of the producer's relative price of traded goods, IEE’ and to

write per capita net domestic product as a function of p and of 8.
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Figure 2
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= ' = ot

(8a) Y = Yp (ng) yp = v < 0
- .—L ' - -1

(8b) Yy = Yy (l—e) Yy = 2 0

(8¢c) T=x (p, 6)

A

[

<
-4

A
@

I

!

<
-3

The Government

The government spends en traded goods, gr» and on non-traded goods,
gy+ It raises revenue by taxing households, t and by taxing production in the
traded goods sector, ByT. It finances any deficit or surplus by issuing or
retiring interest-bearing debt b denominated in terms of traded goods. gpr,
gy» T and b are all per c#pita quantitiés.' From the govétnment's budget

identity we therefore obtain:
(9) bzgy *+ pgy * (r =n)b=-r1- 8y,

In principle gT,'gN and t could all be functions of the real exchange
rate. Let total per capita public spending measured in terms of traded goods
. be denoted g, i.e.

(10a) 8 = 8 * Pgy
I'll assume that g is independent of p and that spending on the individual

commodities is, by analogy with private sector behavior, given by:

vV IA

(10b) 8 = ¢(p; o) g 0 e <1y ¢ 0; 1 - ¢ + pep 2 0
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(10c) gy > 8

o is a shift parameter, with an increase in o signifying a shift towards

public spending on traded goods, given p and g. Taxes on households t

(measured in traded gqods) are assumed to be independent of p, and so is 8.
The government's intertemporal present value budget constraint or

solvency constraint is obtained by integrating (9) forward in time and

imposing the

This condition makes sense if, on average, the future instantaneous real
interest rate 1s expected to exceed the future growth rate of the real tax

base (r>n). The present value government budget constraint is given in (lla

and b). . 4 s
- -[(r[u])-n)du - ~[(z(u)-n)du
(11a)  Jg(s)e © “ds = [(x(s)r0y (s))e © ds - b(t)
t t
or
] -}
- -[r(u)du - -[r(u)du
(11b)  [e(s)e © ds = [(1(s)+0Y (s))e t ds - B(t)
t t
where

G(s) = g(s)ens, T(s) = t(s)e™®, YT(s) = yt(s)ens and B(t) = b(t)e™t

Equation (llb) states that the present value of future planned government

revenue should equal the present value of future planned public spending plus
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the outstanding stock of public debt.

Equation (lla) makes the equivalent

statement using per capita quantities and real growth rate adjusted discount

rates.

The government's (per capita) revenue R from the tax on the

production of tradeables (or tpt) is given by

(12) R =

_P_
8y (l-e)

An increase in 8 increases revenue proportionally at any given level of

tradeables production. Given p, it will increase I%g, the producer’s relative

price of non-traded goods.

i.e., the tax base is narrowed. Total revenue will go up or down

whether ¢, the (absolute value of the) elasticity of yp with respect to

less than or greater than l%E, l.e.,

aR - 9
U e - =l @)
pP=P
t
) t_p
M - Jp—, <
(14 ¢ = yp (1-8) © 0

We shall see that, in the short run and in the long run,
in 6 lowers p, the consumer's relative price of non-traded goods.
the general equilibrium implications of an increase in 8 for R we

for any endogenous response of p to the change in 8, i.e.

R _ 8 4y .8 02
(15) 38 - Y1 * 15 %) ToVT3e
where 3p will in general be different in the short run and in the

90

The volume of tradeables production declines,

dependipng on

£
=5 is

an increase
To evaluate

must allow

long run.
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In many cases, the decline in p as 8 increases is not enough to
reverse the a priori plausible result that a higher value of 6 will be
associated with a higher value of p/(1-8), i.e., with a lower producer's price
for traded goods. It is therefore certainly possible that there is a "Laffer
curve" for the traded goods production tax. There is a common presumption
that ; will be higher (in absolute value) for higher values of 6 (and
of p/(1-8). In that casé; a reduction in 8 from a very.high level may well

increase the revenue from the tpt.

The rest of the world

The rest of the world provides the domestic economy with perfectly
elastic excess demand schedules for traded goods and for financiaL capital.
The instantaneous interest rate in terms of traded goods, r, is exogenous.

Three equivalent ways of writing the equation of motion for the
nation's per capita stock of external assets f = w-b, are given below in (l6a,
b,c). The first is based on the identity that equates the current account
surplué with net exports of traded goods plus net property income from
abroad. . The second is based on the current account surplus as the sum of the
financial surpluses of the private sector (w+nw) and the public sector
(-b-nb) The last one represents the current account surplus as the excess of

national income over domestic absorption.

(16a) f = YT - xp - gpt (r-n)f
(16b) ; = ;-; = ((r-n)w + n-1-q) + (r+eyT—(r=n)b-g)
(l6c) E = (r=n)f + n—eyT-(q+g)
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Equilibrium in the market for non-traded goods

Wage and price flexibility ensure that the non-traded goods market

clears at each instant, i.e.,

(17)

or

ary (%) = (l;gikl]q + (lziiﬁigl)g

Equation (17') permits us to solve for the momentary equilibrium

value of p as a function of q, g, 6 and ¢
(18a) p = plqs g, 98, o)
(18) p -=go {215

(18¢) p =al=€) 5

g P
Qy.!
T p

(18d) p, = -ay! —B = - <p <o,

9 N (1-9)2 1-§  1-8 ~ Po

ge

(18¢) p=-2—2<0

o D
(18f) Q= [—SI + ﬂi (1-n+pn') + 53 (1~s+psp)71 >0

P P

Unless all spending (at the margin) is on traded goods (n=1 or e=l)

higher private or public spending raises p. A higher tax rate on the
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production of traded goods, given q, g and o, shifts resources towards the
production of non-traded goods and lowers the consumer's relative price of
nontradeables. The effect of an increase in 8 on the producer's relative

price of nontraded goods —gg given q, g and p is given by

1
y'
(18g)  (p/(1-8)), = HPB—)Z (1- % 2) HPF 2 (p/(1-8)), 2 0

Thus, even though the consumer's relative price of traded goods
declineé as 8 increases, the producer's relative price rises. The result is
an expansion both of the demand for and the supply of non-traded goods and a
contraction in the traded goods sector. Only when there is no scope for .
reallocating productlon from the traded to the non-traded goods sector
(yN =0 or 2" = —m) will p/(l 8) 1ncrea§e by the full amount of the increase
in 8, with p constant. When production can be reallocated along a straight-
line.production'possibility frontier (y& = o or f" = 0) there will be no
change in p(l-8) when 8 changes. A switch towards public spending on traded
goods (an increase in o, given g) lowers p.

When balanced budget policies are considered? it is only legitimate
to treat, g, 6 and o as exogenous if the lump sum tax t is permitted to adjust

.passively to ensure budéet balance. When unbalanced budget policies are
considered, t can-be treated as exogenous, together with g, @ and o, with g
taking up the slack. Ultimately, however, the requirement of government
solvency, summarized in the present value budget constraint (lla or b), will
put an upper bound on b and thereby constrains—the paths taken by g, 8, o
and T over time. With unbalanced budget policies (at any rate during the
transition to steady state) steady state governrient debt, b, becomes an

endogenous variable. It is easily seen that any steady-state equilibrium that
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satisfies (lla, b) has a real growth corrected balanced budget. With
unbalanced budget policies outside the steady state, four out of thé five
long-run fiscal parameters g, 8, o, T and b can be chosen independently.

This paper will focus on policies that maintain real growth corrected
budget balance continuously, i.e., b ié treated as constant throughout.
Before turning to this in section (4), it is instructive to consider briefly
the intertemporal inconsistency of unbalanced budget models that treat all

four of the fiscal parameters g, 6, o and t as exogenous.

3. Private sector equilibrium and public sector insolvency: a false paradox

For convenience the model is reproduced below:

(19a) ; = (t—a)q°(;+n)(6+l)w A2036>0

(19b) ; = (r-n)w + n(p,8)-1-q r>n20 5 8 <1

(19¢) - yuclfe) = (1_:(9)?q + gy o 0.5n51 ;3 l-n+pn'>0

(194) 8y = e(p,olg

(19e) By = il:ESELSlLE | 0<e<l 1-e+pep>0; e°>0
(19f) ; = (r-n)b + Bp * PBy " eyT(ng) -1

[}

(19g) f = (c=n)f + n(p,0) + eyT(IEE) - (q+g).
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The behavior of the private sector is captured entirely by equations

(19a, b, c, d and e). Specifically, the level or rate of change of the public
debt and the level or rate of change of the nation's net claims on the rest of
the world do not influence private sé;tor behavior, unless they affect the
fiscal parameters g, 8, 8 and 1 (or 8r By 8 and 1) or the world rate of
interest r. Ignoring this possibility for the time being, we solve for p as a
function of q, g 6 and o as in (18a to f), substitute this into the four
equations of motion and obtain the following linear approximation of the

economy at a steady state equilibrium.

q r-§ =(x+n)(&+2) | 0 0 q-q
w - prq-l r-n I w-w
(20) T T T T T oTTT ’ =
b -8 ’1 Pq 0 r-n 0 b-b
-- 9 -
f (y, + yolp -1 0 0 r-n f-f
I I N R T IR S O T
0 0 0 0 q | |B7®
+ -
YnPg -1 + YnPe 7V YNPg w | |7
8 8 8 -9 8-8
SN CTIE. MR R A s LA e S Y B et A b
o~o
(gt mri)e.=l 0 (yetoey!)p byl (yot—s y')p £
N 1-87T'Pg N 1-8°T/Pe 1-87Tl-8 ‘N 1-8 '1/Pg r-z)
. I S A

the q,w subsystem in (20) characterizing private sector behavior is

self-contained. b and f are determined recursi%ely, given q, w and the values
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assumed by the exogenous variable. The q, w subsystem will be a saddlepoint
locally if A, the determinant of the 2x2 submatrix of the state matrix is

negative, l1.e., if
(21) A = (c+x)(r=(6+n+r)) + (X+n)(6+k)prq <0

When there is no non-traded goods sector, the second term on the
r.hes. of (21) equals zero. If in addition n=0, then (21) becomes the

addlepoint equilibrium condition (r+§)(r-{(8+1)) < 0 found in Blanchard [1984,

wn

1985] and Buiter [1986a]. In the model of (21), -A < r < §+n+\ is necessary
but no longer sufficient for saddlepoint stability. Provided (21) holds, the
q,% subsystem has one stable (negative) and one unstable (positive)

eigenvalue. With w anpredetermined aﬁd q a non-predetermihed‘stage variable;

there will exist a unique continuously convergent solution for q and w.

In q-w space the §=0 locus has slope %% = £li%%%§151 and the

§=0

w=0 locus has slope dq Ll + Throughout the paper, I assume r > n

4%l %=0 l-yNPq
and 1-y p >0. The latter condition means that an increase in consumption,
N q .

part of which falls on non-traded goods, will not raise the relative pri;e of
non-traded goods by so much that the value, in terms of tradeables, of non-
~traded goods production rises by more than the increase in consumption. This
still leaves us with 4 qualitatiavely distinct phase diagram specificatiomns in
q-w space, as shown in Figure 3.

Figures {3I, II and III) have the desired saddlepoint configuration.
The unique continuously convergent path for constant values of the exogenous
variables is the upward-sloping SS line along which low but rising consumption

is associated with positive saving and rising w, and high but falling

consumption is associated with dissaving and declining w. Saddlepoint
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configurations obtain always when r=§ or r<§. They may obtain for r>§, but if
r is too far above §, the equilibrium becomes completely unstable. We énly
consider saddlepoint equilibria in what follows.

The two remaining eigenvalués‘of the complete system in (20), which
govern the public debt and net foreign assets dynamics, both equal r-n. Since
we assume r>n, b and f will diverge explosively even as q and w settle down
into stationary equilibrium. The intrinsic dynamics of interest-bearing debt
feeds on itself in an explosive manner.

A government whose debt grows indefinitely at a rate faster than its
capacity to service that debtAviolates the solvency constraint given in
(lla,b). An explosive net creditor position of the government (given w)
violates the solvengy constraint of the rest of the world. In either case,
the assumption that the real interesf réte 1s exogenous becomes untenéble. In
addition, credit rationing would emerge to constrain the behavior of b
and £f. The model would break down.

Stability of the public debt process requires that, if b>0,
ultimately primary (i.e., non-interest) government surpluses are run to
service the debt. The need to run these surpluses will sooner or later affect
the behavior of q and w through changes in g, t, 8 or g. Only in one special
case can the dynamic properties of the present q,w subsystem be consistent
with public sector solvency. This is the case when public spending on traded
goods, g7 is adjusted, either continuously or eventually, to ensure continuous
or ultimate real ;rowth corrected budget balance, while public spending on
non-traded goods is kept constant. In terms of our notation, this amounts to

manipulating g

gT+pgN-to maintain budget balance and simultaneously

varying ¢ (the share of traded goods in public spending) to ensure

that dgN = 0. With this restriction, the long-run steady state equilibrium



SUD/wb/08-22-86 - 24 -

of the private sector is given by:

(22a) q = (8+1)(w+h)
(22b) q = (r-n)w + n(p,8)-1
(22¢) p = pla; gy, 8)
S e R S - T
q P "ey P70 N (1-8)2
1
(224) Q= (- —% + q(l--rﬁ'pn')].l
(22¢) b = (n(p.8)-0)(r+r) "}

Subst{tuting (22¢,d) into (22a,b) we can solve for long-run q and w

as functions of By 8, T and r. will not affect q,w,p or h in the short

1
run or -in the long run, as long as government solvency is assured, but its

behaviour will affect the paths of b and f.

The long long-run multipliers are:

(23a) %g- = -y ;g (n+x)(s+x)A;l >0
N &1 N T
aw - -1
(23b) —! =y p (8-r)A
gy N'gy 81
. .2 .
(23¢) L3 =p = | +p >0
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3 ) -
(23d) 3% = (n+A)(8+1)A 1. 0
g1 &7
. , )
(23e) -5% = (-84 1
- Er
4 3 3“' = 3a |
gT g,r
235 3q = (v - -
(23g) 3| = ~(yypy — yp)(a+a)(a+a)a <o
g g
T >T
3w ~
(230) 3 = (yp, -y (et
g g
T T
(231) 3| =, 24| ,, - -
P + = —_ -
| 24| 4 py = [pg(r+1)(x-(8+n0+1)) + p_y (asn) (s1)]ar” < 0
; 3q - _ -
(239) 2 = - {(en)q + (sn)(nsn)ula
g &t
aw ~
(23x) = = [(yyp ~l)a + (§-r)w]a !
g q g
T T
(231) 4| =, 34
3r P 3
g 1 9r
T g’r
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(23m) A& = (e+A)(r=(5+n+r)) + (A+n)(s+A)y.p < O
Br N"q

Note that pq in (22c) equals pq in (18b). Finally with i-s+psp =0

-1
(23ny  2Q-®)F_p ((1me) ap| .

20 (1-9)2 = P 29

g1 8t

(p+(1-e>;9)(r+x>(r-(a+n+x)) + ﬂ;q(l+n)(6+k)

pa
Er

When_evalﬁating these long-run multipliers, an interésting benchmark
is the case when r=§. When A=0, i.e., with infinite~lived consumers, well-
behaved statioﬂary equilibria (with positive but finite per capita privatg
consumption) exist only when r=§. Considering this case permits us to
evaluate the economic effects of instability or finite horizons.

Long-run private consumption,measured in traded goods increases when
public spending on non-traded goods increases and long-run budget balance is
~maintained by feducing ﬁublic spending on traded goods. The reason is that p
increases (the reél exchange rate appreciates) and with it real disposable
income and human capital measured in traded goods. Financial private wealth w
increases if r>§, decreases if §&>r.

Increased lump-sum taxes 1t (matched by increased gr to preserve loag-
run budget balance) reduce private consumption and raise financial wealth if
§>r, lower i1t if 8§ < r. This will occur evenvif there is no effect on the

relative price of non-traded goods, as in that case
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3 _ (n+2)(5+2)
3% a " (c+2)(c-(s+n+r))
T

< OI

Unless ;q equals zero, the reduction in consumption, a fraction l-n which
falls on non-traded goods, will lower p.

An increase in 8, the tax rate on the production of traded goods
directly lowers the after-tax income received by the factors of production

e

+
goods (p9<0) it also reduces the value in terms of traded goods of any given

(n, = “yp < 0). By lowering the consumer's price of non-traded
amount of domestic production of non-traded goods, and consumption falls.
Financial wealth rises if &§>r, falls if 6<r. It doesn't matter whether tpt
revenue increases or_@eglines?'since g 1s used to balance the long-run
budget. The con;umer's price of non-traded goods falls. What happens to the
producer's price, IgE as 8 increases?

In (18#) we calculated tﬁat, given q, the decline in p as 8
increases is not enough to cause ng to decline. q, however, declines in the
long run as 8 is raised and this further depresses p. From (23m) it can be
checked that with & = 0, ng rises when 6 increases, but that with A > 0, this
could be reversed. Strong negative income effects from the increase in 8 are
. necessary to obtain thi; paradoxical result. The increase in 8 would, across
steady states, be associated with an increase, not a decline in the volume of
tradable production and with a corresponding reduction in the volume of
nontradable production. The demand for nontradables, however, declines (at a
given p) even more than the production of nontradables, necessitating the
equilibrium decline in p. We return to this issue in Section 4.

A sufficient condition for an increase in the interest rate to be

associated with an increase in long=-run consumption is for w to be non-
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negative. Equating (22a) and (22b) we see that

- (6-r)
(26) v = T e=Cornen))

(n-1).

Therefore we will be positive {(negative) if r>§ (§>r). p moves in
the same direction as q when r increases. If r>§, an increase in r will raise
long-run w if yNEg-1<0. ‘As was pointed out during the discussion of the
model's stability properties, this (andlsimilar conditions under the different
balanced budget regimes), amounts to assuming that a higher value of
consumption does not, by raising p, increase income by more than the increase
in consumption. |

For all shocks other than changes in the interest rate, the r=§
special casé greatly simplifies the dynamic analysis when the shocks are
unanticipated, immediate and permanent (i.e., random walk shocks). w in that
case doesn't change in response to-changes in gys T OF 8, and the
instantaneous response of‘q is also the long-run steady state response. Since
w doesn't vary, the current account surplus equals the public sector
surplus. For anticipated future ;hocks iq gN,'T or 8 and for transitory
shocks, there will be transitional private financial wealth dynamics.

From an initial position with r = §, consider the case of an
unanticipated, imrediate increase in the world rate of interest which is
perceived as permunent. For concreteness assume that the government adjusts
qp not only in the long-run but at each instant to maintain budget balance.

In Figure 4 an unanticipated permanent increase in r causes an

immediate drop in private consumption from Ey the initial long-run
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Figure 4:

The Effects of an Increase in r when &7 Adjusts to Ensure Government Solvency

(4=0), CEON
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equilibrium, to Eyps the point vertically below E; on the saddle path through
the new long-run equilibrium. From (23 j, k) we know that the long;run effect
of this shock is higher values of q and r. The impact effect of a higher
world rate of interest is therefore in the opposite direction from the long-
run effect. After the initial jump down to Ey,» consumption rises steadily
from'Elz to E, along $155- Private savings rates, however are positive
throughout the adjustment process and financial wealth accumulates.

The unexpected news, at tys of a permanent future increase in r at

t ~

say), followed by a further

....... s ama 1 dan d (rn
t,> t 1 1al drop in q (to 512

t;> ty causes a smaller imit
decline in q between ty and t; when the system moves along that divergent
trajectory (drawn with reference to E,) that will place it on S,5, at tj.
After t; consumption rises smoothly from Ejp" to E,.

An unanticipated increase in r at to which is expected to be reversed

at t;> t, is followed by an immediate drop in consumption, to Elz'" say.

Saving becomes positive and wealth accummulates until ti < t,, while

1’

consumption rises. Beyond E12 , and between t; and t consumption continues

1’
to rise but dissaving takes place. At t;» when the interest rate comes down
again, consumption and financial wealth are above their initial equilibrium
values a£ E,. Both q and w then decline gradually back to their initial
equilibrium levels.

Assgming continuous budget balance through passive variation in qp» £
exactly mirrors the behavior of w. Permanent interest rate increases are
associated with current account surpluses throughout the adjustment process.

A temporary increase in r is followed by a perind of surpluses followed by a
period of deficits.

p, the relative price of non-traded goods moves with q. In all cases

there is an immediate decline in p, permitting resources to be shifted towards
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the production of tradables and private consumption to be shifted away from
tradables to generate the export surplus that permits the accummulation of
foreign assets;

With the permanent unanticiﬁated increase in r, p rises steadily
after its initial drop and ultimately achieves a higher value than it had at
E;. With the anticipated future-increase in r, the price of nontraded goods
continues to decline smoothly after the initial discrete drop until it reaches
its low at t; when r actually goes up.

In the case of the transitory increase in r, the initial drop in p is
followed by a gradual increase beyond its initial equilibrium value. When r

resumes its initial value again, p declines smoothly back to its initial

value. The high values of p after tl

, when the solution trajectory crosses

the & = 0 line at E|,"" is mirrored in the current account deficit.

4. Real Growth Corrected Balanced Budget Policies

In the remaining sections of the paper we consider continuous real
growth corrected balanced budget policies. This requires the analysis of the

following model:
(25a) q = (r=8)q =(&+1)(A+n)w
(25b) w = (r-n)w + n(p, 8) -1-q

@se) (g = (CTE)a ¢ (s

IN‘T-8" P

(25d) g +(r-n)b-6y,r(—lge—]—-r =0
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Equations (25d) states that the public sector deficit (per capita) equals nb,
exactly sufficient to keep constant the stock of real per capita debt, b. 1In
what follows (25¢ and d) will be solved for p and one of the four fiscal
parameters (g, t, 6 and o) as functions of the remaining three fiscal
parameters and of q, r and b. The solutions are then substituted into
(25a,b). Since g =0, % = w. Even though the public sector balances its
real growth corrected budget, private sector financial dynamics make for non-

trivial current account adjustments in response to virtually any kind of

policy'or external shock.

4a. Tt responds endogenodsgzito maintain budget balance

In this subsec;ion, T adjusts to satisfy the balanced budget
constraint (2§d) in-£esponse to exogenous variatiogs in g, ry b, 8 or T and to
endogenous variaéions in p. The easiest way to proceed is to substitute for
t in (25b) using (25d) and to solve (25c) for p as a function of qy &,

8 and o, which was already done in (18a,f). The resulting linearized dynamic

system is given in (26), with Pq given in (18b) and (18f).

. l—r -4 =(A+n)(8+1) | | q-q
(26) = I g w-
. . ' - -
w ! (yn+ =5 Y1 )pq 1 r-n w-w

0 0 0 q 0
+

9' - .9| 6 |_L 9| -l e
I arr)Pet TPt Y o On'Te¥rlPe £ ~(rom)

on Qo om
1
IUW"IQI¢D°I|

!

The saddlepoint equilibrium condition is
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8 1
= - = <

(27) A (§+A)(r (6§+x+n)) + (A+n)(5+x)(yN+ i-o yT)pq 0

The slope of the q = 0 schedule is the same in this case as in
the previous case. The slope of the w = 0 locus with t endogenous,
(r-nj[l-(yN + ng y%)pq]—l, is less, i.e. the schedule is flatter, than with

-1

gp endogenous, (r-n) [l-prq] .

The long-run equilibrium values of g and w satisfy:

(28a) q=(6+k)[W+(ﬂ(p(q§g,6,d),9)-(g+(r-n)b-eyT(1—e)-lp(q;g,e,c))))(r+k)-1]

(28b) q=(r-n)w+n(p(q;g,e,c),6)-(g+(r-n)b-eyT((1—6)-1p(q;g,6,c)))
The important long-run multipliers are given in (2ga to o)

g | cys &ty y poL
‘29a) Y |T (A+n) (A+s8)(1 (yN+ =% yT)pg) 6" <0

(296) 2 | = (=) Uty T ypp 7t
(29¢) %§ T Pq %g T +‘pg = [(*+n)(**5)(Pq'pg)+(r—n)(r-6)pg]AIl

(294) .%% T ‘[(*+n)(5+k)(yNPe + ng yr (Pg* Igg))]AII <0

(29e) %% = (S-r)(pre+ ng y%(pe+ TgE ))A:r

296) B =p 33 pg=l-Gam(enly y1 1B b+ () (e=(amnen))p JaThe 0
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(298) 3= -[Oem) G F5 e JaTt
(29i) ZB| = (f‘;k)(r-(6+X+r_a>).A;1< .
(293) | %% T "[(’_‘“)q + (k+n)(s+x)f]A:1

N . -1
(29k) —|_ = -[q(l-(yN+ Tga yT)pq)+(r—6)f]At

1

0] =5 28| ooy [(een)qs(rm) (840)E] 4
(291) 3| Pq 37|« pq[(r n)q+(A+n) (§+1)f ] AT

(29m) %% = (A+n)(8+1)(r-n) Ar-l <0
Codwh - -1
(29n) 36l = (r-n)(r-§) Ar
E-E = Eﬂ - . - ‘1
(290) < = Pq 30| pq(k+n?(6+l)(r n) A" <0

Ar’ defined in (27) is negative.

The long—-run effects of fiscal policy and exogenous shocks are quite
intuitive. An increase in exhaustive public spending means with a balanced
budget that total taxes g+(r-n)b increase by the amount of the increase in
public spending. Privatg consumption falls as a result. Financial wealth
increases if § > r, falls if § < r. Ifr = § the price level will be boosted

if the share of non-traded goods in public spending is higher than that of
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non-traded goods in private spending pg > pq or l-¢ > 1-n). This effect will
be reinforced (weakened or offset) if § > r if (&<r). |

A balanced budget increase in 8 and reduction (or increase) in
T will always lower the relative price of nontraded goods. Since, from

(18d), Pyt > 0, consumption falls as 6 increases. Financial wealth will

L2
1-0
increase if § > r, fall if § < r. All this is independent of whether the

increase in the tax rate on the production of tradables increases or lowers

the revenues from that tax, as the total tax revenue from both taxes remains

‘(r"‘)b-

unchanged at g+ n
While it is likely that the producer's relative price of non-traded
goods IgE rises as 0 increases, it is again possible that strong income
effects reverse this conclusion. The paradox of an increase in 0 reducing the
production of.non-traAed goods and increaéing the production of traded goods
by sufficiently immiserizing the private sector remains a logical
possibility. In the numerator of (29f), both yépqand Py are increasing ig
absolute valpe, and %g . therefore increases in absolute value as the
preduction possibility frontier becomes less concave and the efficiency loss
from distortionary production taxes increases. This possibility exists .even
when taxes are raised from an initial value of 8 = 0. The reason is that the
“long-run equilibrium value of aggregate consumption, g, need not equal the

long-run equilibrium value of domestic product, after taxes, because of the

possibility of holding net foreign assets, i.e.,
q=(1- e)yT *pyy - T+ (r =n)w

or, given a balanced budget,
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q4 = yp* pyy~ & ~(r-n)b + (r-n)w = y+ py, - g + (r-n)f.

1}

Note, however, that when both 8 = 0 and r = § in the initial

equilibrium, then this paradoxical movement in Tga cannot occur. The reason
aw

is that when § = r, w = 0, and T

- 0, so q will equal yq+pyy-g-(r-n)b. It

is only when r > § [i.e. when %%

¢ S 0] that the paradox occurs.

A switch towards public spending on traded goods for a given total
public'spending level reduces the price of non-traded goods. Note that since,
given 8, this raises the revenue from the tpt, t will fall to balance the
budget. The effect on q depends on the sign of Yyt Tgi y% « This 1is the.
effect of an increase in p on 7=t when the balanced budget rule is in effect.
If the concavity cf'éhe producgion possibility.frontier is sufficiently low,
real disposable ﬁon—interest income could actualiy increase as p falls because
of an increase in ¢. For lower (absolute) value of yér(and for low values
of 8) q will fall as o rises.

An increase in the world rate of interest will, as in the previous

case where g1 balanced the long-run budget, raise long-run q unless the-

initial position is characterized by a sufficiently large foreign debt, i.e.,

- a large negative value of f. The lqng-run price of non-traded goods will move
in the same direction as aggregate consumption g. If r = §, financial wealth
will increase.

Equations (29m, n, and o) can be used to have a first pass at the
issue of debt repudiation. Note that a reduction in b increase long-run q aad
p and raises (lowers) w depending on to whether r>§ (or r <§). The long-run
effects, but not the dynamic adjustment, are independent of whether the

repudiation involves domestic or foreign debt. 'Figure 5 shows the response of
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Figure 5:

Debt Repudiation in a Forgiving Environment
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the system, when r = §, to an unexpected, immediate (and permanent) debt
repudiation.

In the case where the debt that is repudiated is foreign debt, the
authorities cut taxes (t) by the amount of foreign debt service that is no
longer required. The new long=-run equilibrium is at El’ and since w 1s not
affected by the default, consumption immediately jumps to its new equilibrium
value at El. If the default is on domestic debt, the initial financial wealth
of domestic residents falls by the amount of debt that is repudiated (db<0).
The inifial level of consumption will be on the new saddlepath 3151
at EOl’ and will always be below the level without default of E . 4/ After
the default, saving becomes positiQe and financial wealth augments through
current account surp}pses. The long-run equilibrium is again at Ey-

This_acqcunt assuﬁed that tﬁeré wag no external response to the
default, through increased interest rates for future external borrowing (which
now includes a aefault risk premi;m), through external credit rationing (or
enforced financial autarky) after the default or through other;penalties
imposed through trade sanctions or in any other way. It is the story of the
governﬁent that defaults<bbt is believed (with subjective certainty) never to
do so again.

The léng-run e%fects of an increase in r on q, w and p with
Tt endogenous are given in (29 j, k, £). Consider the case where § = r and,
consequently, w = 0. Comparing (29j, k, %) with the corresponding expressions
when g is endogenaus (33j, k, %) we note the following. (It is assumed
that 1-e+pep= 0 so that pq = Sq). While q wili increase under the g1
endogenous policy, it may decrease under the t endogenous policy, if fis
sufficiently negative, i.e., if the government's stock of debt is sufficiently

large. Under the endogenous taxes, higher debt service by the government
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comes straight out of personal disposable income. Even if f = w = Q, %% will
be smaller with T endogenous than with gr endogenous. The reason is that the
increase in p will, at a given tpt rate 8, reduce tpt receipts. Consequently
T will increase when it is endogenous. This will limit the increase in q and

thus in p below what happens when g is endogenous. 5/

4b. 8 responds endogenously to maintain budget balance

We now consider the case where 8 adjusts endogenously to satisfy the
balanced budget constraint (25d) at each instant. We proceed by solving (25¢,

d) for p and 8 as function of q, g, 7, 0, r and b and substituting these

solutions into (25b).

. .
p (q5 g, 1, O, r, b)

(30a) P =
(30b) 8 = o(q3g,t,d,r,b)
é31a) ‘ pe= (n-1) (1+ 2 o) Mls o
q P b4 s l1-8 8
8 _ (e-1) . 9 Ypeo -1
Yoo
8 _ T ~1
(31c) P. = 155 Mg >0
. g€
] 4] ] -1
= —_— <
(314) po > yT (1+ W) Me 0
]
b4
8 _ _ _I_ -1
(31le) P = b =4 Me <0
) "
0 _ _(oony T -1
(31f) Py = (r n)(l_e) Me <0
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(31g) 8 =

o=l 8 v (1-e)y -1
(31n) e, [-a =) v | " >0
(311) 8 =alMl<o
T 8
3 =i. ' 5. -1 <
(313) 9U -8 yT.'p €, MB 0
(Blk) o =-a"tpMl>o0
r ]
(311) 8, = -(r-n) 2 1M 1 > 0
. : b 8
, !
. .= - -l _.9__ - _T_ 2
(31lm) My Q “(1l+ =8 ) Yr .9(1_9) <0
!
y ' (1-e+pe)
= T l-n+pn 8
NP CE S Je L LU s S S IO
P P
To sign these multipliers, I assumed that 1 + ng ¢ >0 i.e., that an

increase in 8 raises tpt revenue-at a given price level. This is sufficient

(but not necessary) for M < 0. Interesting issues arise when the tpt rate has
y : P

]
been pushed tc the inefficient side of the tpt Laffer curve, but they cannot
be addressed here.

The lineirized dynamic system is givea in (32), the condition for

local saddlepoint stability in (33)

q -
w

(32) g r-8§ ~(x+n)(8+))

€} a0l

w prg -yTSq-l r-n
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o
o
o
0
o
~ 0Q
1

+

q
ot jalA jge

® .y 0 ® y.0.-1 g0 O g0 +u ® .8
INPgTYT"g  YNPT YT TP YNPeTYTY% VNP TYTY: NPy YT

|
TN

(33) By = (e + N)(x -(5+X+n))*(X+n)(6+k)(pr2-yT6q) <0

or

- n-1 9

= (r+x)(r-(6+x+n))*(X+n)(6+k)(5§g)(yNyT * 15 It (IggyN+yT)) <07/

Qualitatively, the saddlepoint equilibrium in the 8 endogenous case
is similar to those in the 8T endogenous and t endogenous cases. The long run
multipliers are given in (34a to o). They are obtained by solving (25a, b, c,

d) with q = w = 0.

(36a) 312 -Gon) (o0 (yplype ) o]

(34b) %gle = (&-r)(prZ-yTeg) Agl

(34c) IR - Pe §§[6.+ Py = (o) (e=(arsm))p2-Crom) (641D y (p%8 5% )] 47!
(344) %% 6~ -(k+n)(5+k)(pri —y£er-1)A;1 >0 8/

(34e) %% . (S'f)(pri-yTer—l)Agl

1

+p3=[(r+x)(r-(s+x+n))p3+(x+n)(s+x)(y£pger-p$gq)+pg]A;

apl - 8 3q
(34f) 6~ Pq 310

gE

3q) - - -9 LI 2
(34g) ~ale (x+n)(5+2) o (yNyT+ T yT(l-e vyt yT))A

-1
8
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ge
AWl _ el a 8
(34h) 'a_c' 0 "‘ (s-r) pMe (yNyT l ) yT

(-B-

,-l
-5 /" yr))

. ap| _ 8 3q 0 _ (._ 5 -1
(341) 2|0~ Pq 30 ot P (e (6+>\+n))(r+>\)p0 Ay <0

(343 | = ~[(e-n)g+(aen) (e40) (wrygpd-y 0 )]st
B ;] ] -1
(34k) 3% 0 = —[q(l—(prq—yTeq)]+(r-6)(w+prr-yT9r)]Ae

] ] ) e 2] )
(341) 2P o= P 3% e*pr=-pq(r-n)q*(k+n)q+(k+n)(6+k)w)+(k+n)(6+l)yT(pq9r-pr9q)

]
q

= [-pg((r-p)q+(xfg)(s+x)w)+(x+n)(§+x)?T(pger—pgeq]
+p (r+x)(r-(5+x+n))] ;
‘34m) %% 0= -(l+n)(6+k)(prg-yT9b)A;1 <0
(36n) M| = (s-e)(ygop ~yp8, )05
(360) 28| - pg 2l +pi= ,[pg(r-(a+x+n))(r+x)+(x+n)(a+x)yT(pgeb-pgeq)]A;I <o

Note from (3lb) that even given q, the effect of an increase in g on
p is ambiguous. This is because while cet.par. an increase in g will raise »
(if some of the additional spending falls in nén—traded goods (i.e., €<1)) the
increase in 0§ required to keep the budget balanced (see 3lh) will tend to
lower p, both by reducing private demand for non-traded goods and by

increasing their supply. Clearly, if all the additional spending falls on
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traded goods ( e=1), then pZ< 0. Even if €=0, on the other hand, an increase
in p is not cer;ain. If ﬁhe tax effect dominates, (pZ< 0) then the long-run
effect of an increase in public spending is to lower q and p, while w
increases if § > r, falls if § < r.

An increase in 1, with budget balance maintained by lowering 8, will,
given g, tend to create excess démand for non-traded goods. p rises to clear
the market, i.e. p3> 0. Aggregate consumption in terms of traded goods
therefore increases.in the long run and so does the long~-run price of non-
traded goods. w will rise if r>8, fall if r<s.

Switching public spending towards traded goods, holding g constant
will, given q, reduce p. This will expand the production of trade goods and
the tpt receipts at a given value of 8. The tpt rate is therefore lowered to
prevent a budget surplus from emergiﬁg.A For small value.of 8, long-rdn g
falls and the price level unambiguously declines in the long run. For large
values of 8, however, the boost to real income associated with lowering the
distortion may be large enough to raise q. The long-run value of p of course
declines. w moves in the same direction as q if r > §, in the opposite
direction if r < §.

An increase in r will, If b > o, require a higher value of 8 to
balance the budget. Given q, p falls to equilibrate the non-traded goods
market. Long-rur aggregate consumption in terms of traded goods increases
unless the negative effects on human capital (measured in traded goods) of a
lower value of p and a higher value of 8, i.e. prg—yTBr, are very strong. If
q were to fall, the long-run effect on p is neéative, otherwise it is
ambiguous.

A higher value of b also requires a higher tax rate 8 to take care of

the increased government interest bill. Given q, the price of nontraded goods
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declines. Long-run q declines, as does long-run p. w increases
if 8§ > r, decreases if § < r. To the attractions of repudiation is now added

the lower distortionary tax rates that it permits.

4c. g responds endogenously to maintain budget balance

When g responds endogenously to ensure budget balance in response to
variations in t, 8, 0, r, and b we solve the nontraded goods market
equilibrium condition (25c) and the real growth corrected balanced budget

condition (25d) for p and'g as functions of g, 1, 8, o, r and b. This yields

(35a) P = pg(q;f,9»0»r,b)
(35b) g = g(q;r,e,o,;,b)
wﬁere

(36a) p& = (1-n) ML >0

(36b) p8 = Lze) 1 5

T P 8

[}
(36c) o8 = [(ES)y e It , (1+(1-e)e !
P (1-9) g

(36d) pB=--ulco

a P 8
(36e) (Egl)bM;1 (assuming b > 0)

(36£) 8 - (e-l)(r-n)M;l < 0.

Py
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=8 vyl
(36g) gq =5 It M . <0
(36h) =gt y!
g, = Q Mg 0 < gTS 1l
Yo oo
. (o=l 8 T 27 -1
(361) gy = [0y (1+ 1= 0)+e(35)°] M
' ] s -1
3 = . gyl 2
(363) g, T=s Y18 Mg >0
(36k) g8 = -2 'BM T < 0 {assuming b = o)
(361) 8, = ~(r-n) Q—IM_I <0
(36m) M = ! Igg %(5—3) >0

Substituting (35a,b) into (25a,b) and linearizing around a stationary

equilibrium yields

q r=§
(37) = .
—y - _prq-l
- (o] (o]
g_ g_
Pt NP YT

For the system given

(38) must hold:

-(5+2)(x+n)
r-n
0 q
g
prc

in (37) to have a saddlepoint configuration,

g
NP

q-q

W-w

o

<
=
bl

o 0

IQIQIHI'

Q @ A
[}

0|"1
on
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(38)

seen that the slope of the w =

when t is endogenous if 8 = 0.

A
4

Assuming as before that the w =

- 46 -

= () (r=(s0en))+(uem) (640 )y < 0

0 locus is the same when g

e

If 0 <9 <1, then the

when g is endogenous than when t is endogenous. 2/ The q

the same slope, regardless of the financing mode.

0 locus 1is upward-sloping, it can be

is endogenous as

0 locus is steeper

[}

0 locus always has

The shape of the w = 0

locus with 8 endogenous 10/ cannot in general be ranked relative to that of

-l =

cne

given below in (39a to o).

locus with g endogenous.

The long-run effects of changes in t, 6, 0, r and b on q, w and q are

Note that the special case €=1, no public spending

on (and no changes in public spending on) non-traded goods, gives the

multipliers already obtained in (23a,n) for the gp endogenous case.

(392) 7 = Qe Oye®ia! <o

(39b) - % g - (t-&)(l-yl;pf) A;I.

(39) 2 Il %%-g+ pS = {(x+n)(s+x)(p§-p§>+(r-n)(r-s)p§]A;1
(394) 3L . '(““)(Yul;g‘YT)A;l

(39e) 2 = (s-r)(y08 - yT)A;I,

(39£) —3—5 . p§ 3—% o pg = [(X+n)(6+l)yTp§ +(r+x)(r-(5+x))p§]A;1
(39g) g—g = -(x+n)(s+x)ynp§ A;I <0
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{39h) -2—2,’ L = (o) p;g,A;l
(395) 33| = ~[(emn)ar(ien)(em) Caryyo®) a7

(391) Bl = pB dl o« of - ['Pi[‘f'n)q"(l“"n)(Gﬂ)W]+p§(r+k)(r-(6+k+n))]A;I
(39m) %% g " -(k;n)t§+i)ynp§ A;1A< d

(39n) %‘;’g - G0 gy o A;l

(390) 2 = A . +_p§ = pf gm)(r—(mm))A;l <0

The long-run effects of"an increase in t with g endogenous, given in

(38a,b,c) are proportional to the long-run effects of an increase in g with

t endogenous, given in (29a,b,c). This is because 39| -3, 3 . 3 and
Itlg 3T ag at
2] _ 39,239 37 11/ qporefore 28| =39 | 28 ginitarly, 39 - 39 22
gl ag at g It|g gl at Tjg 4dg|T 3t
ap - 3p g . . . g .
and 3t|g _ ag|t At " Since, quite obviously, P > 0,.q falls when 1 1s

raised, w falls if r > § (rises if r < 8) and p will rise (when
§ =r) if ¢ > n, i.e. if the increase in public spending adds more to public
spending on non-traded goods then the increase in taxes subtracts from private

spending on non-traded goods.
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The ambiguity of the long-run effects of an increase in 8 with g’
endogenous (equations [39d,e,f]) are the same as those of the long-run effects
of an increase in g with 9 en&ogenOus (equations 34a,b,c) discussed in the
previous Section (note that, since we assume that we aren't on the wfoﬁg side
of the tpt Laffer curve, %% > 0).

An increase in the share of traded goods in public spending again
lowers long-run p and q, and lowers w if r > §, raises it if § > r. Note that
with p lower, tpt tax receipts will increase (if 8 > 0) and g will rise to
preserve budget balance. )

A higher interest rate requires a lower volume of public spending tc
balance the budget. This will depress p, given q. The long-run effect in q
is ambiguous. If it.increases, the long-run effect on p is ambiguous. If q
falls, p must also go down. A larger stock of public debt requires a cut in
public spending. p and q fall.

The case where the budget is kept balaned by varying the composition
of public spending, keeping the total constant in terms of traded goods is
omitted for reasons of space and left as an exercise. Much of it (e.g. the
long-r;n effects of changes in g, T and 6, with o endogenous) can be derived

straightforwardly from the analysis in Sections 4a,b, and ¢ (e.g. from the

long-run effects of a change in ¢ with t, 8 or g endogenous).

5. Conclusion

The volume and composition of exhaustive public spending and the
structure of taxation are important influences on the composition of
production between traded and non-traded goods, the real exchange rate, the
net foreign asset position and the volume of private consumption in the short-

run and in the long-run. Even when the problem of public debt stabilization
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is not present, as in section 4 of the paper where the public sector was
assumed to maintain continuous real growth corrected budget balance, important

fiscal options remain. Two examples serve to illustrate this.

Consider a government that has decided to reduce the bias against
tradéd goods in its fiscal programme by reducing 8, the tpt rate. If tax
revenue decreases as 6 is reduced, the government has several options, even
assuming the budget is kept balanced. If it raises the other (lump sum) tax .
in its arsenal, the following will happen. In the long run (equations
29d,e,f) the consumer's relative price of non-traded goods,p, rises,‘i.e. the
consumer's real exchange rate depreciates. The producers' relative price of
non;traded goods IgE should decline as Glis reduced, unless the increase in p
more than offsets the reduction in the tax rate on traded goods. This
perverse result can happen only if there are "first-order'" real income effects
on private consumption demand from the reductioa in the distortionary tax
rate. Conventional intertempcral optimizing models such as the representative
infinite-lived household, have the property that there are no "first-order"
real income effect if the distortionary tax is the only distortion and the tax
rate change is evaluated at 8 = 0. In the Yaari-Blanchard model of consumer
behavior, tax rate changes evaluated at 8 = 0 will have "first order" real
income effects even if there are no other conveational distortions, as.long as
r, the market interest rate and &, the consumer's pure rate of time :
preference, differ from each other. Specificaliy, if r > &, a reduction
in 8 will have a positive first order real income effect, even at 8 = 0, which
may boost private spending in general and private demand for non-traded goods
in particular by so much that Tga rises when 8 is lowered. In that case the

movement of resources will be out of the traded goods sector and into the non-
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traded goods sector, in spite of the reduction in the tax rate on tradeables
production. r * § is operationally equivalent to another distortion.

Without wishing to advance the perverse case as the likely one, it
illustrates the importance of even minor concessions to realism in modelling
private consumption.and saving behavior. The Yaari-Blanchard model with its
effective private discount rate in excess of the marginal cost of government
borrowing, generates equilibria than can be characterized by r below, equal to
or above §, in the short run and in the long run. The absence of debt-
neutrality in the Yaari-Bianchagd'model is another important ingredient in the
analysis of real-world fiscal and finangial policy issues,

If instead of raising its other tax, the government accompanies its
cut in 8 by a cut in public spending, the consequences for the real exchange
rate and the sectoral allocation of production can be quife different.

Frbm equations (39d,e,f) .it can be seen that the effect on the real
exchange rate is ambiguous. The cut in 6, which will cet. par. (i.e. given q
and g) be associated with an increase in p, is accompanied by a spending cut
which, if at least some of it falls on non-traded goods, will tend to depress
their relative price. Unlike the previous case when Tt was raised, total taxes
now are down. Private consumpgion demand will be boosted and, to the extent
that this falls on non-traded goods, will tend to raise p. If p declines,
p(l—e)—l declines a-fortiori and production and resources more towards the
traded goods section. Even if p increases, p(l-e)”l will fall un;ess the
increase in p is weryllarge. This is less likely the smaller 8 and the excess
of r over §.

It can be shown that even if t and g are kept constant, the
government can balance the budget when it reduces the tpt rate by shifting the

composition of public spending towards traded goods. 12/ (provided o > 0).



SUD/wb/08-22-86 - 51 -

This will reduce p and restore total tpt tax receipts to their previous level
in spite of the lower rate by reducing Tga and further expanding the
production of traded goods. With this budget balancing strategy, p definitely
declines and resources unambiguously move into the traded goods sector.

The second example concerns alternative balanced budget responses to
an increase in world real interest rates which increses the interest cost of
servicing the public debt. If the government raises lump-sum taxes to offset
the increased interest bill, the long-run effects will depend on the net
foreigﬁ asset position of the country (equations 29, j, k,l). Consider for
simplicity the case where r = §. In that case the country's net foreign aset
position equals -b, the public deBt. For a small negative value of f (for a
small public debt), the long-run response to an increase in the interest rate
involves thevaccpmulation of private non-human wealth and an increase in the
level of consumption. The short-run response of consumption to an
unanticipated ﬁermanent rise in ; of course goes in the opposite direction.
During the adjustment process a low but rising level of consumbtion generates
the current account surpluses that accumulate into a higher long=-run stock of
net foreign assets which permit the long-run increase in consumption. The
response of p is an immediate sharp drop followed by a steady rise and an
eventual highér long-r;n equilibrium level.

If the initial position is that of a heavily indebted government and
nation, however, all these results can be reversed, with a long-run decline in
W, q and p being precéded by a short-run consumption boom and current account
deficit.

If the incipient budget deficit resulting from an increase in r is

avoided by an increase in the tpt rate, the result is much more ambiguous

(see equations 34j, k, 1). Given q, the increase in 8 required to pay for
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the increase in debt service will tend to reduce p, so p: < 0. Two

economies starting off with the same moderate external debt position
(Ce-n)q+(A+n)(8+1)£>0) could therefore have qualitatively different responses
of p and of the composition of production in the short run and in the long
run, to an increase in r, depending on whether T or 8 is raised =5 balance the
budget. Specifically, the short-run decline in p and q followed >y a long-run
increase in both undér the t endogenous rule in response to an uzanticipated
permanent increase in r could become, in the 8 endogenous case, a short-run
increase in q and p followed by a long-run decline. Of course, che increase
in 6 is, unlike the in;rease in 1, associated with a dead-weight loss if

e > 0.

If public spending is cut to balance the budget following an increase
in r, the effect on p, giQen q, 1is agaiﬁ négative, if at.least some of the
spending cuts fall on non-traded goods. For the same (moderate) value of the
foreign debt, the response of q and P can again be in the opposite direction
from what it would be if 1 were adjusted to balance the budget. If the
'government's share of non-traded goo&s in total public consumption l=-e,exceeds
the private sector's share l-n, a long run decline in p is more likely when g
is endogenOus. |

All the ingredients necessary for the consideration of altérnative
balanced-budget adjustment.processes following a variety of internal and
external shocks are contained in the previous sections. In a subsequent paper
the preliminary unbalanced (but solvent) budget analysis of section (3) will
be extended to allow for more general borrowiné'strategies. Finally, the
option of money financing, in practice often the authorities' first resort,

will be added to the policy menu.
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1.

2.

3.

Footnotes

When integrated forward in time, equation (3') yields equation (3) when we

impose the transversality condition

-f (r(u)+1))du
lim h(2) e .= 0.

L+

7 (s, t) is non-interest income, at time t, of a household born at

time s < t. 1t (s, t) is taxes net of transfers for th
Consider, e.g., the simple 2-sector model with one scarce factor, L, which
is subject to diminishing returns in a Cobb-Douglas technology and is

perfectly mobile between sectors, i.e.,

=LN“N 0 <ap, ay <13 L, 20; L 2L
a
= (L) "
1
a. a
. A e -
Since yp = (L N ) -z(yN), we have
o o
|=“T Nya, -1 N
' = —(Ly )T Ty <0
N
1 1 1 1
aT Z; -2 ;; aT—Z aN-l ;_ a -1 ;;
" = — ¥y (L - YN ) [« S YL~y ) + ( )y ]
N ° N oy
1 1 1, L
a a. aT;l ;; -1 l-aN 1 l-aT Z; aN 1
=- 2y Ty et e Sy ey <o
N N N
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Therefore,
y = -1
yT=PT— L_l_L <0
l=a l-a a
Ny -1 T N Ny-1
(v + (=) (v )
N N
and
L -
¢:3T__P_=(9")2= aT
T yp 1-8 [l _1
a
N
a,~a, + (l—aN)yN L

When Yy < 0, ¢ = 0. When Yy assumes its highest possible value,
*N Ot
=L, e l1-a
T

YN . Therefore, with ar > .5, ¢ can exceed 1 in absolute

‘'value and a Laffer curve for the tpt exists.

It is comforting that governments cannot put the economy on a Pareto-

superior aggregate consumption path through a default on internally held

debt. [Note that the traded goods only economy is the special case of our

economy when ?q = 0. In such an economy a path of q that dominates
another path must be Pareto-superior].
It is easily checked [see Buiter (1984)] that the slope of the-

saddlepaths in Figure 5 is

(r-n) + /(r-n)2 + 4(8+4) (A+n) (1-p (yN S YT))

)]

dq
dw|SS

2 [1 - pq(yN e Yo

x, the horizontal distance at Eg to the new saddlepath §5, through E, isg
given by

2(r-n) (1-p (y yi)»)
x = db g v " l 8 °T < db

(r-n) + / (e-n)? + 4(6+X)(X*n)(1‘Pq(yN * -%5 yp))
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Therefore a default of magnitude db will put the economy on a point such

as Ey; on 545, at a value of q below that at Eg.

What can one say of the "balanced budget multiplier'" in this model, i.e.
the effect of a tax-financed increase in public spending on real domestic
output? Real domestic product (in terms of traded goods) at factor cost
is (l-G)yT * pyye Since (l-ejy% + pyﬁ = 0 by profiﬁ maximization, the
effect of an increase in g on domestic value added is simply given by

Yy gglr. From (29d) if r = §, this will be positive if 1 - g > 1 - n,
negative if 1 - ¢ <1 - n, In terms of non-traded goods, value added at

factor cost changes by

- (1-8) 3p
Y1 2 aglt’
P
The effect on domestic income at market prices (in terms of traded goods)
is given by
3 8 ap
— + = +
T (yp* Py |, = Oy * 155 Y1) 38
the effect on domestic income at market prices (i.t.o non-traded goods) is
given by
T

y
T
5

]
35

. . 1- . . .
In terms of the consumer price index p = p " which i= appropriate when
preferences are Cobb-Douglas, the change in real domestic income y is

given by
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YT+ PYN
l-n
p

a_
g

)

-~ -2 -1,_8 3
y (" “lnpyy-(1-m) y.1 + 2" () vy ] e |«

=
T " g (

T

If 8§ = r and b=g=0, then q = yT'prN and the expression reduces to?

_ ol 8 . 3p
T P T8 7T. 3g

=
g y T

This disappears if 8 = 0. However, if § # r, real income will change even

when 8 = 0. 1In that case, again with gr =gy =b = 0, and therefore w =

ay| o on2 . 8 v 3p
aglt P _,[(F n)w f.l-e'pyT] 3g <

Since w > 0 when r > 8, this expression will be positive even if 6=0.
6. Algebraically, IA I > |A |
T &

Yy
9-- —=_.'£ 8 ' -y ! - _9._ -1
7. Note that YxPq yTeq 1 3 [(1+T:§¢)(YN"+" q+epg) yT(1+(1 n)l_e)]M 0

-1_ L2 "1
DA (i-9)

. G
8. Since y, p -y 8 ~l= — -1 >0
Nt “t 1 y.0 l+ L y'[ﬂ(l'ﬂ+pn')+ﬂ(l—s+ps )]
T 2 °T P P P
(1-9)
9. From (37), when g is endogenous, S3 o= —1
dw|w=0 l-v o8
YyPq
= (r-n)[l-y (1-n) -1
Nl v & gretly)
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From (26), when t is endogenous,

dq
dw

- Geom oy T -(55) vy 317

w=20 pa”

10. From (32), when G is endogenous,

r—In

dwjw=0

)
1=ynP Y18,

(r-n)[(l ¢)(yN+r q*e g)-yT]

[(1 ¢)(nyN+n q+e g)"yT(l =(1-n) '—3)]

11. %% is the long-run effect on q>ofvan increase in t, holding g constant.
%g‘is the long-run effect on q of an increase in g, holding t constant.

%% is the change in g required, in the long run, to balance the budget
T

when 1t is increased and similarly for 78"
12, Given q, the change in o that balances the budget when 8 is increased is

- y -
shvn by o, = (37t 125 0 + 0G5 L S <o
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APPENDIX

The Yaari-Blanchard Model of Consumer Behavior

The only new element in this Appendix is in the subsection on

aggregation where population growth is allowed for.

The individual's problem

Each individual born at time s maximizes the following utility
functional at t 2s. -

=§(v-t)

(1) maxEtW(s,t) = maxEtI e u(z(s,v))dv 3 650

t

§ is the instantaneous pure rate of time preference.

(2) u(z) = u<l, uz0’

= {—
Nt

ln z (u=0)

1-y is the coefficient of relative risk aversion.
Et is the mathematical expectation operator, conditional on the
~information available at time t.

During his or her-lifetime each consumer faces a common,
instantaneous probability of death A20. The probability, at time t, éf
-k(v-t). |

surviving until time v2t is therefore given by e

Equation (1) can therefore be rewritten as

(1') max | e-(6+X)(v_t) % z(s,v) dv
t
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We define the following. P, is the domestic currency price of traded
goods, p, the domestic currency price of non-traded goods, m the nominal money

stock, x consumption of traded goods, x consumption of non-traded goods and

T N

i the nominal interest rate. In addition:

(3a)- 1(v) = py(v)/p (v)

(3b) c(s,v) = ;T(s,v) + ﬂ(v);N(s,v)
(3¢c) q(s,v) = E(s,y) + i(v)ﬁ(s,v)/pT(v).

The instantaneous utility function z is further characterized in

equations (4a, b).

(4a) z(s,t)

£9(u(s,t), pT(t), py(t), m(s,t))

fC(ET(s,?), ;N(s,t))

(1]

(Ab) E)(S,t)

The instantaneous utility function z is weakly separable between money and

c - - . - -
goods. f~ is linear homogeneous in x, and x_ . £4

T N is is linear homogeneous in

¥ and m. It is also homogeneous of degree zero in Pty Py and m. f€ is

increasing in Xp and Xy strictly quasi-concave, three kimes continuously

differentiable and satisfies Inada-type condition that ensure strictly
g4

for positive c. is increasing in

positive solutions for x, and x,

¥ and m, decreasing in pp and py for m > 0, strictly quasi-concave, three
times continuously differentiable and satisfies Inada-type conditions ensuring

positive solutions for ¥ and non-negative solutions for m, for positive g.
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Thus, preferences over consumption of traded goods ;T’ nontraded

goods ;ﬁ and real money balances are homothetic. In addition there is a

subutility function f€ generated by homothetic preferences over ;T and Xye

Homogeneity of degree zero of £9 in Pps Py and m implies that z can
be written as:
(4a')  z =£%%, 1, n, =)
Py
Homogeneity of degree 1 of £9 in ¥ and m implies that (4a') can be

rewritten as:

(4a") z =gtV 5

Homggeneity of degree one of f€ in x, and ;& implies that (4a") can

be rewritten as:

= *N

. -— x _. — -
(4a'")  z = gL, )y, 1, w, ™7 7hH
q q T

The instantaneous flow budget identity of the consumer is given in
(5). There are 5 financial assets among which the consumer allocates his
financial wealth: non-interest bearing domestic money, m, interest-bearing

—

short bonds denomirated in domestic currency, b, interest-bearing short bonds
- - - b * . -

denominated in foreign currency, b , interest-hearing short bonds whose value

is index-linked to the price of traded goods, j, and claims to real

reproducible capital k. The instantaneous domestic nominal interest rate is

‘i3 the instantaneous domestic real interest rate .(in terms of traded goods) is
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) . . . - .

r, the instantaneous foreign nominal interest rate is i and the domestic
currency price of a unit of installed capital is p,. € is the spot foreign
exchange rate, n the nominal value of divided payments per unit of

capital, w nominal wage income, and ? tax payments net of transfers.
(5) & [mCs, 024505, 0) |+p(t) S= T(s,e)+e(0) B (s,tdep, (6) = &(s,0)
z (x+n)(r'n'(s,_t)+§(s,t)+pT3(s,t)+e(t) E*(s,t)+pkE(S,t))+i(t)E(s,t)
* - * ' - % —_— p— -
+r (t)pT(t)j(s,t)+i (£)e(e)b (s,t)+n(t)k(s,t)+w(s,t)-t(s,t)
_-pT(t)iT(s,t)-pN(t)EN(s,t)'

Equation (5) is.the identity that saving equals disposable income
minus consumption,

The first term on the r.h.s of (5) reflects the operation of
efficieht life insurance or annuities markets. Each private consumer enters
into the following contract with aﬂ insuranée company. As long as he lives
the consumer receives a rate of return p on his total financial asset holdings
at each instant. When he dies, the portfolio becomes the property of the
insurance company (conversely, if'the con;umer's net financial asset position
is negative, he pays a rate of return o to the company on his net debt, with
the debt being cancelled when he dies). The insurance industry is competitive
with free entry. There is a large population and X is not only the
instantaneous probability of death for an individual but also the fraction of
each vintage and therefore of the total poﬁulation that dies at each

instant. It is obvious that the competititve {zero expected profit) rate of
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return paid by or to insurance companies is o = A. (Not o =n + A} a
fraction A of the entire population owning a fraction A of ali nonhuman
assets dies each period. This is all that can be paid out by the insurance
companies to the surviving agents).

Let real financial wealth in'terms of traded goods be denoted a ,

i.e.

(6) a =

We assume that all financial assets other than money earn the same
expected rate of return i.e.

by - . P P, P
(7) r=i=--= i* + 8. T _n ,k_TT
.pT € pT pK pk pT

(6) arid (7) permit us to rewrite (5) as

4 - i w(s,t) - ;(Syt)
(8) d a(s,t) = (r(t)+r)a(s,t) + pT(E) pp(t)
- - . 5(39t)‘
- [xT(s,t)+q(t)xN(5,t)+1(t) pT(t) )

Integrating (8) forward in time we obtain the household's present
value budget constraint, intertemporal budget constraint or solvency

constraint:

v
(9) Ie-£(t(u)+X)du a(S,v)dv < ;(s,t)+ﬁ(s,t)
t
where
(10) R(s,t) = ‘fe—Z(r(u)mdu (;(s,v)-as,v)) s

t Pp(v)
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h is the consumer's human capital, the present discounted value (using the
private discount rate r+\) of expected future after-tax labour income.

In order to obtain (9) we imposed the no-Ponzi game transversality

condition:
-Ig(r(u)+k)du— -
(11) lime ‘¢ a(s,t) =0
t+x

From the first-order conditions for an interior optimum we obtain the

following consumption functions:

(122) % (s,t) = 0 (n(£))a(s,t) 0<nT<1

N ‘1‘ - '
(120 Ryls,e) = G GENEG,0 BN S
(13a) c(s,t) = nc(i(t))a(s,t) 0<n°<1
(13b) ° mls,t) _ (1-n°(i(c)) q(s,t) 1-nS+in >0

p.r(t) i(t) 1

(14a)  q(s,t) = e(c)(als,t)+h(s,t))

u U -1
T |® e - oA e -
o(t) = Jy(o)!™ |f ol frtw)durtv-o)a T R Yol if uz0?/
(14b) 3 _
d+A if p=0
T N ;
(14c)  v(v) = £3(£5nT(n(wInSicv)), A8y tecs oy 1, m(w), Lo LUV,

m(v) i(v)
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Aggregation

At each instant a new age cohort composed of many agent is born. The
size of the cohort born at time t is (n+l)ent, n, A20. The constant
instantaneous probability of death of an agent, A, is also taken to be the
proportion of agents in each cohort which die at each instant. The size of
the surviving cohort at time t which was born at time s<t is therefore

(n+r)e"? e-l(t-S). Total population at any instant t is given by

™
-

t
(n+r)e J et ds = e

For any individual agent's stock or flow v(s,t) we define the

corresponding aggregate V(t) to be

. .
(15) v(t) = (n+x)e_ltf;(s,t)e(n+l)sds .

-

We assume that each agent, regardless of age, earns the same wage income and

pays the same taxes net of transfers, i.e.,

w(t) for all s<t

w(s,t)

T(s,t) = 1(t) for all s <t .

It follows that each surviving agent has the same human capital:

h(s,t) = h(t) for all s < t.
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Aggregate consumption is, by direct computation, given by

(16a)  Q(t) = o(t)(A(t) + H(t))

(16b)  A(£) = r(t) ACt) + W(t) - T(c) - qr) 3/

[}

(16c)  H(t) = (r(t)+a+n) JH(E)+T(c)-w(t) &/

- o(t) is as defined in (1l4b, c).
For any aggregate V, the corresponding per-capita magnitude is
defined by
(17) v(t) = vit)e "*
Per capita consumption is therefore given by:
(18a) q(t) = o(t) (alt) + h(r))
o(t) is as defined in (l4b,c).

(18b)  a(t) = (e(t)-n)a(t) + wlt) - ©(r) - q(t)

(18¢)  h(t) = (e+1)h + (c) - w(t)

(18d)  c(t) = nS(i(t))q(t)

m(t) _ (1-nS(i(t)) |
(18e) . (0) = o) Ja(t)
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(186)  xg(c) nT(x(e))ele)

T
(L (n(ed)y

From (18a,b,c) an alternative representation of the behavior of q is:

(18h) 4(e) = (r(t)=-8)q(e)-(A+n)(s+1)a(r)
4 01'>

(£(e)-(8+n) )q(t) - A(8+A)a(t)+n(s+A)h(c).

(18i) q(t)

If labor-augmenting (Harrod-neutral) technical change at a constant
proportional rate u is allowed for, the behavior of private consumption is
shown in 19. For any per capita variable v, v denotes the corresponding

magnitude per unit of efficiency labor.

(19a) q = 0(a+h)

© is as defined in (1l4b,c)

~ e m -

~(19b) a = (r=(n+u))atwtt—q
(150) B = (evrmwdieios
(194d) ; = nC;
ge  B- (A
Py i
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(19¢) ;T = nle
. T, .
(19g) x = (l;n ) c

Using (19a,b,c), the consumption function can be written as:
(19a') «i = (r-(ﬁ*‘uﬂ)); - (§4\)na + (5+A)Ah

or
(19a") é = (r-(6+u?); - (6+A)(A+n);.

In Buitér [1986b] it is shown that A=n=0 is necessary for debt

neutrality, but that u=0 is not ﬁecessary. The result that population growth

alone can destroy debt neutrality is due to Weil [1985].
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Footnotes

l. To obtain (1l3a,b), I_assumed that the following first-order condition
m/p

could be solved for as a function of i only:

Cc

T
£3(£5(nT(m) ALy, )

_T
£3(£5(nT (), 220 {0,

y 1, m,

i.e.,

. T -
fZ(fc(n(n),l—ﬂ—SEl, .

’ T
fg(fc(ﬂT(ﬂ),l:ﬂ;ill)’ 1, =, —

y q _:q..9y"1.q q q,1 fgl c(l-nT)
This will be the case if f43-f4(f1) f13—(f41-f4(;z + - )]f2 - = 0.

1 2

Unless this is satisfied, n® will be a function of both i and r.

2. If r and y are constants, then

= B et
o(t) T LA

3. We use the fact that a(t,t) = 0.

4. We use the fact that H(t,t)ent = h(e)e™ = H(t) .

Note also that W(t) = ;(t)ent and T(t) = ?(ﬁ)ent .
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