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ABSTRACT

We analyze the democratic politics of a rule that separates capital and ordinary account budgets and
allows the government to issue debt to finance capital items only. Many national governments
followed this rule in the 18th and 19th centuries and most U.S. states do today. This simple 1800s

financing rule sometimes provides excellent incentives for majorities to choose an efficient mix of

public goods in an economy with a growing population of overlapping generations of long-lived but
mortal agents. In a special limiting case with demographics that make Ricardian equivalence prevail,
the 1800s rule does nothing to promote efficiency. But when the demographics imply even a
moderate departure from Ricardian equivalence, imposing the rule substantially improves the
efficiency of democratically chosen allocations. We calibrate some examples to U.S. demographic
data. We speculate why in the twentieth century most national governments abandoned the 1800s
rule while U.S. state governments have retained it.
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1 The 1800s rule and its purposes

The gold standard, which the 18th century bequeathed to the 19th, but which the 20th century
forgot, prescribed that national governments should promise to convert their debts into gold,
either on demand, for currency, or at a specified future date, for bonds. A government’s budget
constraint dictated that a fiscal rule accompany the gold standard, one that would force a national
government to balance its budget in the present value sense while abstaining from an inflation
tax.

The 19th century practice of keeping separate capital and ordinary government budgets was
one among many possible formulas that could achieve the present value budget balance needed
to support the gold standard. This particular formula forbad deficits on the ordinary account
but allowed capital account deficits that were balanced by prospective capital account surpluses
sufficient to service the newly issued debt. A common practice was to dedicate particular revenue
sources to service debt that had been issued to finance a particular capital project.!

We call this ‘the 1800s fiscal rule’ because that seems to have been its golden age. The 19th
century data for Britain and the U.S. states conform to this fiscal rule, provided that we allocate
war expenditures to the capital account. While most national governments have now abandoned
this practice, the rule survives in the constitutions of most U.S. states.? This rule is one of the
main factors that forced U.S. states to retrench in the last few years, while its absence allowed
the federal government to expand its spending and cut its tax rates in the face of adverse shocks
to tax revenues like those affecting the states.

Because of how the Maastricht treaty limits a country’s ability to run deficits, recent discus-

sions in the European Union have focused on good ways of restricting government indebtedness.

! Another common rule in the 19th century imposed severe limits on the quantities of government debt that a
central bank could own. Many central banks operated under a rule that at the margin allowed them to conduct
open market operations in short term securities issued only by private citizens. While this restriction might be
undone by traders executing the sorts of strategies that underly the Modigliani-Miller theorem, it embraces the

spirit of the 1800s rule, which was to limit the national treasury’s access to easy sources of credit.
2Evidence that these rules affect government behavior is presented in Bohn and Inman [4], Poterba [20, 21, 22]

and Poterba and Rueben [23].



Proposals to distinguish between ordinary and capital-account expenses have been debated and
are serious options, should the Maastricht criteria be changed in the near future.?

While the 1800s rule rendered fiscal policy consistent with a national commitment to the gold
standard, many other rules would have too. Any fiscal rule that achieved present value budget
balance without seigniorage revenues could also have sustained the gold standard, including many
rules that would have tolerated temporary deficits to pay for recurrent government expenses.
With its careful distinction between capital and ordinary deficits, the 1800s rule served purposes
beyond its role in supplementing the gold standard.

This paper highlights one of those additional purposes of the 1800s rule in an economy with
successive generations of voters and a democratic government. We focus on how the rule shapes
the incentives that voters confront when they choose among alternative levels of nondurable and
durable public goods. A constitutional rule that prohibits government borrowing for ordinary
expenses affects voters’ incentives to consume public goods.

The 1800s rule is simple. It requires information only about the output of the public sector
and its division between durable and nondurable public goods. It does not require detailed
knowledge about productivity shocks or households’ preferences for public goods.*

We study a budget rule as a “constitutional contract” constraining overlapping generations
of voting households who like private consumption and durable and nondurable public goods.
The contract sets rules for intergenerational transfers, the provision of public goods, and the
issuing of debt by a centralized institution called “government”. The contract is established
before the shocks impinging on the economy are realized and consists of two fixed parameters,
an « that specifies a debt redemption rate and an = that specifies the fraction of investment
to be financed by debt. Particular settings of these parameters separate ordinary and capital

government budgets. Within the institutional framework of the contract, a political-economic

3See e.g. Buiter [6].
4We study an environment in which it would be difficult for different generations to enforce constitutional

contracts based explicitly on the history of shocks. Therefore, we require budget rules to depend only on the
history of capital accumulation and the provision of public goods. See Hansen, Roberds, and Sargent [13] for an
analysis of how difficult it is to verify present value budget balance from time series observations on government

expenditures and tax collections.



equilibrium is a competitive equilibrium in which durable and nondurable public goods are chosen
by democratic voting in each period. In making political choices, households take into account
how the current choice affects the outcomes of future elections. We study how the (a,x) pair
influences the efficiency of outcomes in the political equilibrium. Outcomes depend on details of
the demographic structure in ways that we think may shed light on why the 20th century saw
the 1800s rule disappear among many national governments but not at the state level in the U.S.

Section 2 mentions evidence about the 1800s rule. Section 3 presents a benchmark economy
in which the 1800’s rule supports an efficient allocation as a political-economic equilibrium. This
section shows how the 1800’s rule is attractive because it provides incentives for each generation
to supply the efficient amount of public goods, independently of the history of shocks. Section 4
calibrates the benchmark economy to assess the optimal amount of debt financing, as well as the
costs of deviating from it, and section 5 concludes. The robustness of the results to alternative

specifications of preferences is studied in appendix C.

2 The advocates and history of the 1800s rule

Although John Maynard Keynes disliked the gold standard, he advocated the 1800s fiscal rule
that seemed to have accompanied the gold standard and, at least the national level, to have
disappeared with it. Robert Skidelsky [31] discusses Keynes’s preference for separating ordinary
and capital budgets, for always balancing the ordinary budget, and for confining countercycli-
cal deficits to the capital account. Keynes proposed timing capital account deficits to fight

unemployment.®

5Keynes’ advocacy of a rule that separated capital and ordinary budgets may have reflected no more than
that he saw no good reason to abandon what he had observed was best practice among modern states in the
19th century. On other issues, Keynes’s policy advice sometimes amounted to recommending what he saw as
best late 19th century practice. For example, to reform the Indian currency Keynes [15] advocated that India
adopt the gold exchange standard into which Britain and other advanced countries had evolved. However, in a
personal communication to us (letter dated 2003-11-16), Lord Skidelsky suggests that it was only the substantial
expansion of public investment projects in 20th century Britain that started Keynes to think about the issue.

Skidelsky knows of no direct documents that would support our “best 19th century practice” conjecture about



Writing about the ‘dual monarchy’ of Austria and Hungary before World War I, Pasvolsky [17]
states that

Each had an ordinary and an extraordinary budget, the expenditures under the latter

being mainly for railroad construction and military needs.

Paul Studensky [32] and E. Cary Brown [5] painted a picture of the United States in which
for much of the 1800s, state governments explicitly adhered to the 1800s rule, while the federal

government adhered to it for military expenditures. Brown states:

Up to World War II, the expected and well accepted policy of the federal government
was to repay outstanding debt in a more or less systematic way, even when accom-

plished, as it often was, by substantial subsidies to creditors through price deflation.

(p. 229)

Until the time of the Great Depression of the 1930s, the major reason for borrowing by
the United States government was the preparation for or waging of war. Until then a
relatively narrow stance had been maintained with respect to the kinds of programs
considered appropriate to undertake. State governments, on the other hand, had
assumed a broader role in the 19th century in financing transportation and other
developmental projects. Local governments grew explosively after the Civil War to

provide needed urban utilities and infrastructures. (p. 229)

Speaking of the prevailing theory about financing state and local expenditures on “lasting

improvements” Paul Studensky wrote:

It was contended also that such expenditures [permanent improvements] would ben-
efit future generations as much as the present generation; that future generations
should consequently be made to contribute to their defrayment; and that this could
be accomplished only if the expenditures were financed by means payable in the

future.® (p. 15)

the source of Keynes’s preference for the 1800s rule.
6Later in his book, Studensky criticized this rule and proposed improvements.
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Consistent with this theory, a policy of borrowing was developed along the following
lines: borrowing was resorted to for all expenditures for permanent improvements;
each project was considered separately and a separate loan incurred for it; the bonds
were earmarked so that the proceeds could be used only for the project for which

they were authorized; ... (p. 16).

Later, Studensky explained how the federal government mostly avoided borrowing to finance

its “lasting improvements”:

... how does it happen that the federal government has managed to finance its internal
improvements with little if any borrowing ...? (p. 84) The explanation is found in
the peculiar nature of the national expenditure and revenue systems. Those for war
have been practically the only extraordinary expenditures. All other expenditures
have been considered ordinary. The government was expected to borrow in times
of war and to pay off its debt — certainly not to borrow in addition — in times of
peace. The revenues consisted exclusively, until recent times, of customs duties and a
few indirect taxes. The revenues from these sources during periods of prosperity not
only were ample for all purposes of government, and took care of all the necessary
permanent improvements without burdening the people, but were even yielding large
annual surpluses. There was no excuse for borrowing under these circumstances.
The federal government has very seldom ventured on any very large programs of
improvement, other than those connected with its military and naval establishment,
which could not be taken care of by its ordinary revenues. In the few instances in
which it has ventured on such programs, it had to resort to loans. It had to borrow

also in some cases to place its monetary system on a sound basis.” (p. 85)

Writing in 1930, Studensky foresaw irrepressible pressures to depart from the 1800s rule, and

Brown'’s [5] account confirms the breakdown.



3 The Benchmark Economy

In this section, we consider an environment in which a mechanism resembling the 1800s rule
implements a Pareto-optimal allocation. A key feature is the quasilinearity of household prefer-
ences, which, by implying risk neutrality, eliminates any loss from the lack of intergenerational

insurance.

3.1 Preferences and technology

We consider an economy populated by a continuum of households in overlapping generations.
Once born, each household faces a probability 1—6, of death in its s-th period of life, conditional
on having survived until then.” Population grows at a constant rate n.

Households consume a private good in each period of their lives. They also enjoy the services
of two public goods. One is nondurable and another is durable and called public capital. House-
holds supply labor services, at some utility cost. We interpret public capital in either of two
ways. First, it includes publicly-funded infrastructure (such as bridges, canals, railroads, sewers,
etc.); second, it can also include “national security,” a public good that is difficult to measure,
but is revealed to be important by the resources countries devote to military purposes.

A household born in period ¢ has preferences ordered by

N+t s—t—1
E; Zﬁs_t ( H 9]') [Cs—tys + U(G57 FS) - ¢(ls—t,5)] (1)
s=t 7=0

where N + 1 periods is the longest a household can live,® cs—t,s and [s_; ; are consumption of the
private good and the labor supply in period s by a household of age s — ¢ (born in period t),

G is the amount of nondurable public good per capita in period s, and I', is the stock of the

durable public good per capita in period s. We assume that v is strictly concave, ¢ is strictly

"We assume that a fraction 1 — 6, of households of age s die every period. In this section, we also assume
that the age structure of the population at time 0 coincides with the demographic steady state associated with

the survival probabilities and population growth. We relax this assumption in the calibration.
8We allow for the possibility that N = co. Here, and throughout the paper, we adopt the notational convention

(I1,2,05) =1.



convex, and both v and ¢ are twice continuously differentiable and satisfy Inada conditions. We
also assume (1 +n) < 1. The expected value is taken with respect to the uncertainty adapted
to the aggregate state; the presence of 0; terms reflects idiosyncratic uncertainty over the life
span, which is assumed to be independent of aggregate shocks.

All goods are produced with one intermediate good. Each firm can turn K units of capital and
L units of labor into A,F'(K, L) units of the intermediate good. We assume F' to be increasing,
concave, continuously differentiable, linearly homogeneous and to satisfy Inada conditions; A; is
a stochastic process, whose domain is nonnegative, bounded, and bounded away from 0.

Firms can turn each unit of the intermediate good into one unit of the private consumption
good, 1/¢¥ units of private capital, 1/¢” units of the nondurable public good, and 1/q¢f units
of public capital; ¢F, ¢ and ¢ are stochastic processes that are nonnegative, bounded, and
bounded away from 0.

Private capital depreciates at a rate 6%, and public capital depreciates at a rate d; , where the
latter is stochastic, with a domain in [0,1).° We define s, = (4, ¢*, ¢, ¢F, L) to be the shock
that hits the economy at time ¢. All variables with a subscript ¢ are assumed to be adapted to
St

The economy-wide resource constraints are

Ky

Ct"f_qi?z.t_’_thGt—l'q)ﬁF'YtSAtF(1+naLt) (2)
K4
K, < (1— 6= j
t < ( )1+n+% (3)
Ft—l
[, <(1-6F 4
oS (1= )L ()

where 7, is investment in private capital per capita, 7, is investment in public capital per capita,

K, is the capital stock per capita at the end of period t (to be used for production in period

9Stochastic depreciation of public capital is introduced mainly to justify wars: we view them as being the

government response to a bad shock to the stock of “national security.”



t+1), and Cy and L; are consumption and the labor supply per capita:

N
Li=) Al
s=0

N
C; = E AsCs -
s=0

Also,
—sTTs—1
(1+n)[;=0;
Soio(L+n) " TT50 6;

is the fraction of households of age s. The initial values of K_; and I'_; are exogenously given.

As =

3.2 Pareto-optimal allocations

Either we assume that private consumption can be negative or, more realistically, we will restrict
our analysis to a range of parameters and utility entitlements for the generations such that
private consumption is positive.

We define a stochastic process {{cs, Lss} 0, s, Ve, Gi, Ki, Ti 22, to be a feasible (real) allo-
cation if it satisfies equations (2), (3), and (4) and is bounded.!® We define a feasible allocation
to be efficient or ex ante Pareto optimal if there is no other feasible allocation that delivers a
weakly higher expected utility to each generation and a strictly higher utility to at least one
generation. We thus measure from the perspective of households that know to which generation
they belong but not the realizations of shocks.!!

The quasilinearity of utility in consumption makes characterizing efficient allocations partic-
ularly simple. In each period ¢, taking 1 unit of consumption per capita from each surviving

household born in period ¢ — j allows a planner to award a consumption increase of A;/\, to each

10The term “real” is introduced to distinguish this allocation from the asset allocation, which we will introduce
later. Wherever not specified, by allocation we mean real allocation. The assumption of boundedness could
be relaxed, but bounded sequences are a particularly simple commodity space to work with. Notice that all
infinite sums that we introduce will be well defined in this commodity space. Technological growth could be

accommodated by suitably rescaling variables and introducing a shifter in preferences to ensure stationarity.
1Tn this setup with quasilinear utility, the difference between ex ante and ex post Pareto optimality is not too

important.



surviving household born in period ¢t — s. The expected utility cost for the former generation is
#1152, Om, and the expected utility gain for the latter is %.12 The slope of the Pareto
frontier is uniquely pinned down as the ratio, i.e., [3(1+n))’~*. Movements along the frontier are
achieved simply by redistributing consumption, without affecting other variables. The difference
between this situation and a standard Pareto problem, with strictly concave utility, is illustrated
in figure 1; in the standard problem, the slope of the utility depends on the allocation, and the
frontier is recovered by varying the Pareto weights assigned to each group in the Pareto problem;

with quasilinear preferences, a fixed Pareto weight corresponds to all utility pairs, so that the

frontier is not to be traced out by varying the Pareto weight.

] Pareto frontier with strictly concave utility Pareto frontier with quasilinear utility
c c

(=} (=}

2 12

Q Q

Q ) ol
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= =

o o

c c

IS IS o ]
5 5 ~ Pareto weight is unique
2 2

5 5

Utility of one person Utility of one person

Figure 1: Pareto problem and the shape of the frontier

We consider only those allocations in which all households belonging to the same cohort are
treated symmetrically. Among these, an efficient allocation solves the following
Pareto problem:

oo

max E [B(1+n)] {Ct +0(GrTy) = Y Asqs(zs,t)} (6)

{Ct,Ge.Teyitve {ls e} g ke 122 —0

121f t — j < 0, we measure utility from time 0, so the expected utility cost is 3* an;lj_t 0. Likewise, if t—s < 0,
B Iy—q Om
(14n)7 = T2 Om

the expected utility gain is



subject to (2), (3) and (4).
The first-order conditions for this problem yield

ve(Gy,TY) =q%, t=0,... (7)

vr(G, ) = ¢ — BE(1 = 6;0)qy, t=0,... (8)
qs'(zs,t):Atﬂ(ﬁ—;,Lt) F=0,..., s=0,....N ()
E, {Aka (ﬁ—tn Lm)] = % ~(1-0"Ewq, t=0,... (10)

Equation (9) implies that all households supply the same amount of labor: I, = L, s =0,..., N.
Equation (9) evaluated at time ¢ + 1 can then be uniquely solved for L;;; and substituted into
(10). The assumptions about F' and ¢’ guarantee that the left-hand side is a well-defined, strictly
decreasing function of K, and that a (unique) solution exists. From that equation, we thus obtain
that all Pareto optima must share the same level of private capital and hence the same labor
supply. Equations (7) and (8) imply that G; and I'; are uniquely determined as well. All of
these variables are independent of the initial level of public capital, I'_;. Investment can then
be deduced from (3) and (4), and consumption per capita (but not its allocation across different

cohorts) from (2).

3.3 Implementing Pareto Optima

We will show that any Pareto-optimal allocation can be attained through the following institu-
tional framework. In the beginning, households establish “government”, an institution empow-
ered to levy taxes, purchase public goods, and provide transfers. The constitution specifies that
public goods are chosen each period by majority vote. The constitution names two parameters
(av, x) that restrict debt repayment and government borrowing; a fraction « of government issued
consols is to be redeemed each period and a fraction x of public investment is paid for with debt.

The economy unfolds as follows:

(i) In period t, the government purchases G; and 7, from competitive firms. The amount is

chosen by majority voting, subject to financing restrictions to be described below.
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(ii) Taxes are lump sum and levied equally on each household alive.
(iii) Each unit of nondurable spending G; must be financed from taxes levied in period ¢.
(iv) For each unit of public investment -, a fraction z is paid for by issuing new consols.?

(v) In each period, the government raises enough taxes to pay interest on outstanding consols

and to repurchase a fraction o > 0 of them.

(vi) To achieve the appropriate distribution of welfare, the government is committed ez ante to
an appropriate bounded sequence of unconditional transfers {7;}5°_ 5 to the cohort born
in period t. The transfer is paid out in each period that a household is alive and is financed
by current taxes. Different assumptions about the schedule for debt repayment imply that

different sequences of transfers are needed to achieve a given utility assignment.

(vii) Households and firms trade goods and factors of production in competitive markets.

Features (i), (iii), and (iv) capture the 1800’s rule. The “constitution” does not specify the
level of provision of the public goods but restricts how to pay for them. The financing restrictions
provide incentives for voters to choose efficient amounts of public goods.

An attractive feature of this institutional setup is its simplicity. Future generations require
very little information about past behavior, making it easier to enforce such a rule (e.g., by
threatening to repudiate government debt); by contrast, more complicated mechanisms would
require future generations to acquire more information about their predecessors’ decisions to
establish whether they had conformed to the rule. Therefore, it could take longer for a more

complicated rule to become understood and consented to.'* A benchmark assumption about the

13Different debt maturities and repayment schedules could be considered, provided the amounts of bonds and
lump-sum transfers are adjusted appropriately. In what follows, we will assume that the government issues exactly
. When median(6,) < 1 + n, as we will generally assume, the conditions that ensure that it is desirable to set
x to a positive number also ensure that all the people alive will benefit from issuing debt, so that issuing the full

amount z would be chosen even if the constitution prescribed a limit on debt issuance only, rather than a level.
14We don’t model a process through which a government rule of conduct is established, but that could be a

fascinating exercise. For sure, for U.S. state governments, the 1800s rule did not emerge in a vacuum. Wallis [34]
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transfers in part (vi) is that none takes place; this amounts to choosing a specific point on the

Pareto frontier.

3.4 Analysis

We first describe the households’ optimization problem, and then define an equilibrium. We
assume that households can trade one-period debt, in addition to physical capital and government
consols. !

A taz-debt policy is a bounded sequence {7, B;}$°,, where 73 are lump-sum taxes per capita in
period t and B; is the amount of government-issued consols per capita at the end of period t.
We set the coupon payment on each consol to 1. A price system is a sequence {wy, ¢, pe, T }520,
where w; is the wage rate in period t, r; is the rental rate of capital, p; is the price of a consol,
exclusive of the time-t coupon payment, and 7; is the price of a 1-period pure discount bond. An
asset allocation is a sequence {{k,bss, ass}o gt 122, consisting of the capital, the government
consols, and one-period bonds held by a household of the cohort born in ¢t — s at the end of
period t.

A household born in period s > 0 solves the following problem, taking as given the price

describes how twelve U.S. states adopted new state constitutions during the 1840s, most formalizing a version of
the 1800s rule. Wallis describes those constitutional reforms as responses to problems that befell earlier attempts
by the state governments to finance internal improvements, some with “taxless finance”, others with “benefit
taxation”. See Wallis and Weingast [35] for a convincing account of the consequences for the political processes
for choosing public investments (‘internal improvements’), whether by the federal government or by the states, of
the clause in the U.S. constitution that forbad the federal government to impose direct taxes, except in proportion
to states’ populations. Wallis and Weingast describe how that clause made it virtually impossible to form winning
coalitions in the U.S. congress for large local public works. They go on to describe how, by effectively turning
public works over to the state legislatures, that clause worked to create a viable federalism that kept states in

the union.
15One-period debt is considered mainly to rule out bubbles in the price of consols. When N = oo, its presence

is sufficient to rule out bubbles, as long as short-selling constraints limit households to portfolio positions that
are essentially bounded from below. When N is finite, it is necessary to assume that households can set up an
infinitely-lived intermediary that is subject to similar short-selling constraints. Huang and Werner [14] provide a

complete treatment of this issue.
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system and the tax policy:

s+N t—s—1
max F Z Bt H 0; | [ci—si — O(li—s1)] (11)
t=s j=0

subject to the flow budget constraint

Ci—st T kat—s,t +pebes i + T sy < Weli_gy — 7 + T+

[re + (1 — 6")qf] (pe+ 1)
Qt—s—l Qt—s—l

(12)

Qt—s—1,t—1

Fi—s—14-1+ bi—s—1,0-1 t=s,...,s+N

Or—s—1
This budget constraint assumes that households participate in a collective insurance agreement,
whereby the assets of people who die are redistributed to the survivors in proportion to their
holdings. The existence of this insurance agreement is necessary for the competitive equilibrium
to be Pareto-optimal, and it is optimal for households to participate. We assume that households
start with no wealth, so k14 1=b_1, 1 =a_141 =0.'°

To prevent Ponzi schemes, it is necessary to impose a borrowing limit on households. If N
is finite, we require an 1y = knstn = bnstn = 0. If N is infinite, we require a household’s
asset allocation to be essentially bounded from below.!” We also require households to choose
bounded real allocations.

Households that were born before period 0 solve a similar problem from period 0 onwards,
except for their initial condition: a household born in period j < 0 starts from an (exogenous)

initial condition (k_;_1.-1,b_j_1-1,a_;_1,1) that is not necessarily 0.'®

3.5 Competitive equilibrium

A competitive equilibrium is a real allocation {{¢s, ls+}2 0, 11, Ye, G, Ki, T4 1524, an asset alloca-

tion {{ksy, bss, s s}V 152, a tax-debt policy {7, B;}22,, a price system {iy, 7y, P, 7 52, initial

6This implies that the corresponding terms in (12) can be neglected, and the undefined term 6_; does thus

not appear.
1"The household’s asset allocation is bounded from below if {ki—s,t,bi—s1,a1—51 )52, form a stochastic process

that is bounded from below; it is essentially bounded from below if there exists an alternative asset allocation
{l;:t,s)t, Et,s,t, Qs 172, that is bounded below, satisfies (12) for a suitable bounded choice of {ci—s ¢, li—s1 }52,

and is such that [Tt‘f'(1—5k)Qf]l~€t—s,t+(pt+1)[;t—s,t+dt—s,t < e+ (1=6")gf ks i+ (Pe+ Dbt +ar—sy, t > 5.
BWe also require Ziv:_ol Asks,—1 = K_q, Zivz_ol Asbs,—1 = B_;1 and Zivz_ol Asas,—1 = 0.
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conditions {{k_s 1 _1,b_s 1 1,0 s 1 1}sr_ns K 1,01, B_1}, and a transfer sequence {T;};7 \

such that:

. A 7 s+N 7. 7 A s+N—1 s :
(i) ({Ct_sat’lt_svt}t:max(o,sy{kt_svt’bt_57t7at_svt}t:max(Qs)) solves the maximization problem of

the representative household born in period s, given the price system, the tax policy,

the initial conditions, and the transfers;

(ii) at any time ¢, factor prices equal marginal products:

Ky

wy = AdFi( 7£t)
o= Ay (——, L
Tt t k(1+n7 t)

(ili) at any time ¢, the allocation satisfies the feasibility conditions (2), (3) and (4);

(iv) at any time ¢, the asset markets clear:
N
Kt = Z /\sks,t
5=0
N
Bt — Z /\sbs,t (14)
s=0
N
0= Z /\s&s,t
s=0
(v) the government budget constraint holds

~ B,
. By =
Dbt Dy 1tn

N
(1+1§t)+thGt+Q£§/t_7ﬁt+Z/\sﬂ—s (15)
s=0

The necessary conditions of the household maximization problem imply that, in a competitive

equilibrium,
P = % t>0 (16)
E, (7 1—6%)gF
15— Bl (qk SV (17)
t

19These conditions include the absence of pricing bubbles; see footnote 15.
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6:71—1?7 tZO (18)
¢(ls) =Wy, s=0,...,N,t>0 (19)

and, if N = oo,

tlirglo B'E; {[f’t +(1— 5k)qf]/%t_s7t_1 + (pe + 1)Bt_s,t_1 + dt_&t} =0, s>0, j>max{0,s}
(20)
Because utility is linear in consumption, in any competitive equilibrium, as in any Pareto-
optimal allocation, individual consumption absorbs the impact of all shocks at time ¢, making
history irrelevant. Furthermore, substituting (13) into (17) and (19), we obtain that the labor
supply and capital coincide with their values in any Pareto-optimal allocation, and are thus
uniquely pinned down and independent of the government spending processes. Working back-
wards through (13), we obtain that the equilibrium factor prices are also uniquely pinned down;

like the labor supply and capital, they are independent of {G;,I'¢}7°,.

3.6 Political-economic equilibrium

Next we define a political-economic equilibrium in which households collectively choose public
spending and investment in each period within our institutional framework. To evaluate those
choices, households must form expectations about the evolution of the economy. Define a history
of the economy to be a sequence h' = {s;,G;,T';},_, for any ¢t > 0.2

We define a political-economic equilibrium in terms of a (measurable) mapping W that recur-
sively generates a history of the economy. The mapping ¥ associates to each history A! a time-t al-
location (other than public spending and capital, already included in ht) ({cs(h?), l;(h)}2¥, i(hY),
v(h'), K(h')), a time-t tax-debt policy (B(h'), 7(h')), a time-t price vector (w(h'), r(h'), p(h), w(h")),
a time-t asset allocation ({k(h?), bs(h'), as(h*)}5!), and a time-t+1 choice of government spend-
ing and capital, contingent on the future shock, (G(h', s;11),T'(h, s¢41)). To obtain the time-0

values of government spending and capital, we also associate two values G({)) and T'(0) to the

20 Although other variables could be introduced as part of the history, it is easy to show that their presence

would be redundant for the definition of an equilibrium below. See e.g. Chari and Kehoe [7].
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null history. Given any history A/, each mapping ¥ recursively generates a history from h7:
ht = (7Y s, G(h'™L, ), (W1, s;)). Each mapping ¥ and its associated history induce an
allocation, a price system, and a tax/debt policy from initial conditions I';_;, which is part of
B, {kg(R77Y), by(R 1), ag (1)}, and ;.2

A mapping ¥ = ({65,53}520, {l%s,gs,ds NL a4, K, B, 7,0, 7, p) s a political-economic equi-

librium if it has the following properties.

(i) (Competitive equilibrium) Given any history 27, including the null history, the real and asset
allocations, the price system and tax/debt policy induced by ¥ form a competitive equi-
librium from the initial conditions I';_y, K (A=), B(h~1), {ks(h7~1), bs(W/1), a(h/ 1) } N1,

and s;.

(ii) (Self-interested voting) Given any history A/~!, including the null, and any shock s;,
(G(W~1,s;),T(RF1,5;)) is a Condorcet winner over any alternative proposal (G,T), as-
suming that in the future the economy will follow the path implied by ¥, i.e., given any
alternative (G,T'), the following relation holds for more than 50% of the people alive at

time j:
&R 1) +0(G, )+

N—s s+t—1
S ( I1 em) By (e 50 + 0 (GG 50)) T sn) ) | < g

N

N_Sﬁt <8ﬁ1 9m> E; [5s+t(ﬁj+t) + U<é(f~lj+t_la St14); N A St+j))]
where iLJGjL;A and A/t~ are defined recursively as follows:

hlp = (W' s;,G.T)
it = (R o0 G ) E (R ) ) 221

it — (iljthl, Sist, é(iljﬂ—l, Sj+t> 7 f(ﬁ]#tfl’ Sjth))7 t>0

21hJ=1 is the predecessor of the history h’. When we consider an initial history A°, I%S(h_l) is kg —1, the initial

level which is exogenously given; the same applies to other variables.
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In words, A7 is the history induced by ¥ from A7 ! ;Lg; is the history induced by choosing

(G,T) in period j and following ¥ afterwards.

(iii) (Budget balance) Given any non-null history,

(1+ap(h'))B(h')
14+n

N
+af G+ (1—2)g 3(h') + ) NT, (22)

s=0

7(h') =
where G, is the appropriate element of the history h'.

Requirement (i) states that, no matter what happened in the past, U prescribes a path that
is a competitive equilibrium for the households. Requirement (ii) states that at each time ¢ the
majority prefers not to deviate from an equilibrium G,T, taking into account that a deviation
has an immediate utility impact and also affects the future by changing the path of histories
that will unfold. Requirement (iii) embodies the budget rule restrictions (iii), (iv) (v) and (vi)
imposed by the constitution.

We focus our attention on a specific class of political-economic equilibria that we will call
Markov equilibria, in which the current choices of G and T' are influenced by the minimum
possible number of state variables. In our environment with quasilinear preferences, a minimum
state description is attained when the choices depend only on the current realization of the shock
Sg.

It is convenient to use

Assumption 1 E;(1— 6}, ,)q.,, depends only on s;.

Assumption 1 is clearly satisfied if s; is a first-order Markov process, but it is a much weaker
requirement.
The next proposition shows that, when future choices of G and I' are not conditional on past

variables, the same turns out to be optimal for the current choice.??

22Markov equilibria do not allow the government to exploit “trigger-strategy” equilibria, in which failure to
deliver a certain amount of public goods in the current period leads households to unfavorable expectations in

the future even though the “fundamentals” of the economy are unaffected.
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Proposition 1 If assumption 1 holds, there exist Markov equilibria in which G and I' are func-
tions of sy alone. Following any history, all variables are the same in all equilibria, except for the
distribution of consumption. Though indiwidual consumption may vary across different equilibria,

all generations achieve the same welfare ex ante in all Markov equilibria.

Proof. Our proof works by construction. We proved earlier that all competitive equilibria
share the same values of p;, K;, wy, 7 and [, for any s,¢ > 0, and that these are independent of
{G, T }5°,. This implies that, for any history Af, there is a unique way to set p(h'), K(h'), w(h'),
r(h') and I4(h'), s > 0, and that all these variables are functions of the history of exogenous
shocks only. We set investment to the only values that are consistent with (3) and (4): i(h') =
K(h') — (1 ="K (ht71) and y(h) =Ty — (1 — 67 )Ty

To get the values of G(h'™! s;) and T'(h'™!,s;), we proceed as follows. In the candidate
equilibrium we are constructing, future levels of public spending and capital are unaffected by
the current ones. Within the equilibrium, an increase in the time-¢ provision of either public
good benefits only the households that are alive in period ¢. On the cost side, equations (15)
and (22) imply that an additional unit of G; increases time-t taxes by ¢ units, with no effect
on subsequent taxes. An additional unit of 7; increases time-t taxes by ¢} (1 — z). Within the
candidate equilibrium, the additional unit leads to a reduction in v;41 of (1—67,,)/(1+n) units,
and no further effect on public investment. This implies that time-t 4+ 1 taxes change by

xqp (1_5—1—04) _q{+1(1—x)(1—(5f+1)

1+n 6] 1+n

and taxes in period t + 7, j > 1 by
x 1-0
(I+n) | B

To a person of age s, the expected present value of taxes per unit of public capital is therefore

n a} (= 0) — gh (1 — 8]0 — a2

Q. =qf (1 — ) + 22 {xqf (ﬂ ¥ a) (1= @) Bfg (1 - 6&1)]} "

1+n g (23)
N-—s s+j—1 23
Zﬁj ( H 9m> a fn)ﬂ {1 ;ﬁ + a] [qf(l —a)— Et[CItFH(l - 5tF+1>]] (1—a) 2
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The preferences over policy for this person are given by
U(Ga F) - QtGG - QSF

If we order households by @, the preferences above satisfy the order restriction of Rothstein [27,
28], which implies that a Condorcet winner exists, and that it corresponds to the policy preferred

by the person with median Q,.?> We thus set G(h'™!,s;) and T'(h'™1, s;) to

arg marxv(G, ') — ¢°G — median(Q,)T (24)

5

Given our assumptions, a unique solution to this problem exists, and it depends only on s;. For

any non-null history, we set B recursively:

(1 —a)B(h'™Y) | zgy(h)

B(h') = 2
(7) 1+n p(ht) (25)
We set 7(h') according to (22), and aggregate consumption such that
o0 K htfl '
Y Ases(h') = AF (% l(ht)) —qi(h') — g7 Gy — g (). (26)
s=0

Subject to (26), individual consumption is not uniquely pinned down.
To construct individual consumption, we partition the set of histories into stochastic se-

quences {h"}22, t > —1, with the property that, within elements of the same partition,

o=t
' = (k71 s,,G(h*"1,s,),T(h*"!s,)) for an arbitrary value of the shock s,, while for each
initial element of a sequence either t = —1 or h* # (h'™!, s;, G(h'™!, s;), T(R*™1, s4)). Within each
partition, a history represents a path that is induced by the functions G(.) and I'(.) from the
history h'. Along each of these paths, we set the functions c,(.), ks(.), bs(.) and ay(.) arbitrarily,

subject to the following restrictions:

(i) Given the taxes and prices specified above, the resulting sequences must satisfy the house-
hold budget constraints (12) for an economy that starts in period ¢ with initial conditions

specified by (ks(R*™1), by(h'™1), as (1)) N5

s=0 >

23Tn computing the median, it is of course necessary to take into account the distribution of the population by

age. The same qualification pertains to all other references to the median in the paper.
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(ii) if N = oo, the implied asset allocation must be essentially bounded from below;
(iii) the implied real allocation must be bounded;

(iv) individual consumption schedules are such that (26) holds in the aggregate.

Examples of functions that satisfy these requirements are the following:?* k,(h¥) = K(h*)/(1 —

M), b(h?) = B(h)/(1 = Aw), as(h*) = 0 and

G (0) 4 p()BY) |
T (L) = 7() £ T,y

[r(h*) + (1 = Mgyl K(h*™Y) | (p(h*) + 1)B(h*)

cs(h’) = —

v>0,s=1,...,.N—1

G r(1— ) boa(l—Av)

en(h) = ~BECDAPUIDBUT 0y, 10) - 70) + 7.

+ [r(h°) + (10—8_51’“)(13]/651,_1 L (p(h?) ‘01;_11)55—1,—1 N a@s:io’ s=1... . N_1
op) = ~ IV PONBEY) oy ) () 4T, 020

1— Ay
en(h?) = w(h®)In(RY) — 7(h°) + Ty_n
[r(h*) + (1 = ")gf] K (") (p(h*) + 1)B(h"™")
On_1(1 — An) On-1(1—An)
en(hY) = w(h)In(h°) — 7(h°) + T_n

N [r(h%) + (1 — 6")qfkn—1,—1 . (p(h?) + 1)bn_1,1 L ON-10
On_1 On_1 On_1

v >0,

(27)

(31)

By iterating equation (25) forward and using the facts that p(h") is constant over time and

that T'(h") is bounded, we can show that B(h") is bounded, which implies that the consumption

plans of the households are bounded.?

It is now straightforward to see that the mapping that we have just constructed generates

a competitive equilibrium starting from any history h’, given the levels of public spending and

capital implied by (24). Starting from any initial capital level, we previously showed that the

24If N = 00, Ay should be set to 0, and (30) and (31) do not apply.

25Tf N = +o0, the proposed asset allocation also satisfies the no-Ponzi games restriction and the transversality

condition (20).
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values assigned to p(h'), w(h'), K(h'), ls(h"), w(h') and r(h'), t > j, are the unique choices that
ensure that the household problem has a (bounded) solution, that factor prices equal marginal
products, that the labor supply is optimally chosen, and that (16) and (18) hold. With these
choices, households are indifferent among all possible consumption profiles. Given the previously
determined variables and (22), equation (25) describes the unique sequence of government debt
that satisfies the government budget constraint and (20), and (26) describes the unique sequence
of aggregate consumption that is consistent with the resource constraint (2). The conditions on
the consumption of individual households ensure that the individual budget constraints are met.
Whenever the future levels of G and I' depend only on the future shocks and not on any history,
the mapping constructed above implies that the current choices of G and I' do not affect the
labor supply, private capital, or factor prices in any period, nor do they affect subsequent values
of public spending and capital. These are precisely the conditions under which households will
vote for G and I' according to (24), which implies that the mapping satisfies condition (ii) of
a political-economic equilibrium. Finally, condition (iii) is met because it was imposed in the
construction of the mapping.

To check that all Markov equilibria lead to the same ex ante welfare for all generations, notice
that prices, taxes, and the provision of the public goods are the same in all Markov equilibria and
in all histories. As a consequence, the individual household’s optimization problem is identical
in all of the equilibria, and the multiplicity of the Markov equilibria comes only from the fact

that households are indifferent among many equivalent optimal consumption plans. QFD.

From now on, we will refer to “the” Markov equilibrium, ignoring the multiplicity that is
irrelevant for the aggregate allocation and for welfare. We are interested in comparing the

equilibrium outcome with Pareto-optimal allocations.

Proposition 2 The Markov equilibrium outcome satisfies conditions (7), (9) and (10) of Pareto

efficiency.

Proof. We already observed that any competitive equilibrium satisfies (9) and (10). (7) is

the first-order (necessary and sufficient) condition for maximizing (24) with respect to G. QED.
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With quasilinear preferences, the level of public consumption G will be efficient if households
are forced to pay for it through contemporaneous taxes. This result carries a nice intuition: a
balanced-budget restriction over (nondurable) public consumption converts the choice of its level
into a static decision. All households alive agree on the benefits, and they also equally share the
costs, leading to an efficient decision.?

The next proposition shows that a pure balanced-budget rule leads to underprovision of public

capital for the most relevant range of parameter values.

Proposition 3 Assume that median(0;) < 1 +n. Then, if v = 0, the marginal value of public

capital in the Markov equilibrium outcome is higher than the efficient level implied by (8).

T\ T
Proof. When z =0, Q, = qf — GsﬂEt[(ll ffl“)qt“]. Under the assumption that median(f,) <

1 + n, the proposition follows immediately. QFED.
Since 6, < 1, the hypothesis of proposition 3 is valid whenever there is any population
growth. The hypothesis of the proposition fails only if population shrinks faster than the median

probability of survival.
Assumption 2 ), is strictly decreasing in x for all ages s.

Lemma 1 A sufficient condition for assumption 2 is that 0, < 1+n for all ages s and qf (1—a) >

Erlgia (1= 053)].

Proving the lemma is a matter of simple but tedious algebra. The condition in the lemma relates
the repayment rate of debt («) to the depreciation of public capital (J;, ;). When Ej[g/,,(1 —
6r1)] = g (1 — E;df,,), this condition reduces to a@ < E;d;,;, and is satisfied if debt is repaid
more slowly than the rate at which capital depreciates. In the more-general case, the condition
requires the expected value of undepreciated capital 1 period after the investment to be less
than the amount of debt contracted at time ¢t and left to be paid off after period ¢ + 1. Once
again, the condition is thus satisfied when debt is repaid sufficiently slowly. If the issued debt

26See Wallis [34] and Wallis and Weingast [35] for descriptions of explicit discussions of ‘benefit taxation’ in

the U.S. during the 1800s.
27If 6, < 1 Vs, then the sufficient condition holds even if the inequality is weak, rather than strict.
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becomes due too fast, it is possible for the debt actually to increase the amount of taxes per
unit of current investment that some households pay, taking into account the future equilibrium
response of investment. Whether this perverse case arises depends not only on a and 6. 41, but
also on the details of the stochastic death process. For some stochastic processes, such as the

constant probability of death considered later, allowing debt always reduces the perceived cost.

Proposition 4 Let median(6s) < 1+ n and assumption 2 hold. Then there exists a level T > 0
such that the marginal value of public capital in the equilibrium outcome when x = X is almost

surely closer to the efficient level than if x < 0.

Proof. Proposition 3 established that vr(Gy, T';) is higher than the efficient level when x < 0.
Assumption 2 implies that median(Q)) is strictly decreasing in x, and hence the same is true of

the equilibrium value of vr(Gy,I'y). QED.

Proposition 4 provides a sufficient condition for the desirability of setting x > 0 in the
constitution.?® Intuitively, the ability partly to finance public investment through debt is useful
if it reduces the cost perceived by the voters alive at the moment in which the decision is taken.

In the next proposition, we tailor x exactly to match the solution that comes from maximizing
(24) subject to the efficiency condition (8). In general, the best x will depend on t and s;, so
it is impossible to reach efficiency if the constitution specifies a fixed x. However, a fixed z will

work under the following:

Assumption 3 Ey(1— 6L ,)ql = (1 —")gl almost surely.

A simple example in which assumption 3 holds is when ¢! is nonstochastic and constant over

time and 0} is i.i.d. We will later consider the quantitative costs of deviating from the optimal

28We reason here in terms of pure efficiency, but different choices of = also have distributional implications.
Suppose for instance that the economy is initially in an equilibrium with = 0, and that an unexpected reform
sets it to a positive value that leads to a more-efficient provision of public capital. While everybody potentially
benefits from this increased efficiency, the reform will generate an increase in public debt that can hurt generations
born far in the future. Therefore, this reform is not necessarily a Pareto improvement unless transfers are adjusted

to compensate future generations.
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x; those computations will indirectly inform us about the magnitude of the efficiency losses of

adopting a fixed value for x in the constitution when assumption 3 fails.

Proposition 5 Let assumption 3 hold. Then, generically in the death process, there exists a
value x* such that, if v = x*, the allocation induced by any Markov equilibrium is Pareto optimal.

A sufficient condition for x* to be unique is that assumption 2 holds.

Proof. See appendix.

Little can be said in general about how z* varies with the parameters of the model. It follows
immediately from theorem 4 that x* > 0 when the assumptions of the theorem hold; otherwise,
even its sign cannot be established a priori. We now consider two special cases in which strong

implications can be derived.

Assumption 4 Let N =00 and 0, =0, s=0,. ...

Assumption 4 corresponds to the overlapping generation model of Blanchard [3], in which
all households face a constant probability of death, independent of age. This case is interesting
not only as a benchmark, but also because it informs us of properties that will be shared by the
quantitative calibrations of the next subsection. This happens because the probability of dying
in the next year is small for most people, and very slowly increasing with age; only in very old
age does the probability increase substantially, but those elderly people turn out to be far from

the median voter, and thus have no direct influence over the outcome.

Proposition 6 Let assumptions 3 and 4 hold. Then households’ preferences over (G,I") are

independent of age, and

. BA=6")(1-p600—-a)/(1+n))
v 1— 66(1—o5) /(1 +n) =0 (32)

Proof. Tt follows from simple algebra. First, substitute assumptions 2 and 4 in the definition

of Q5. The resulting value is independent of s. We then solve (24), and match its first-order
conditions to (8). QED.

With quasilinear preferences, the only disagreement among households comes from the dif-

ferent probabilities of surviving into future periods. In the Blanchard model, these probabilities
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are the same, and the policy vote becomes unanimous once again. Furthermore, under the
Blanchard assumption, issuing debt necessarily lowers the perceived cost of public capital for all
people alive; it follows that the optimal level of debt financing is positive.

From (32), a higher depreciation of public capital implies that the efficient debt financing
is smaller, as one would expect. The effect of increasing the probability of survival ¢ and/or
decreasing population growth n is ambiguous. Both opposing effects become less prominent when
0/(1 + n) approaches 1.2 The optimal level of x does not converge to 0 as 6/(1 + n) converges
to 1; however, the inefficiency caused by a given x vanishes in the limit as /(1 + n) — 1,
because then Ricardian equivalence holds, and it implies that any debt structure would deliver

a Pareto-optimal outcome.
Assumption 5 a = §'.

Proposition 7 Let assumptions 3 and 5 hold. Then the value of x* of proposition 5 is equal to
B(1 — o). Furthermore, when x is set at this value, the household preferences over (G,T) are

independent of age.

Proof. Tt follows immediately from substituting the relevant values into (24). In particular,

with these substitutions () is independent of the age s. QFED.

Several authors have stressed the importance of matching the maturity of debt to be issued
to the durability of the public investment undertaken, under the principle of “making people
pay for what they enjoy.”?® When o # 6", the 1800s rule does not conform so precisely to the
principle of making people pay for what they enjoy, yet it can still attain an efficient outcome.
For efficiency considerations, it is not important to match (marginal) costs and benefits of current
investment for each individual cohort, whether born or unborn; it is necessary only to match
marginal expected costs and expected benefits for the median voter among the cohorts that take
part in the investment decision, i.e., only those alive at the time the investment is undertaken.

While our main analysis shows that matching debt maturity to project durability is not nec-

essary to achieve efficiency, proposition 7 offers a justification for aiming for a match. Choosing

2The optimal amount of debt is decreasing in 6/(1 + n) if and only if 6 > a.
30See e.g. Secrist [30].
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to repay debt at the same rate at which capital depreciates avoids conflicts among different
generations simultaneously alive; furthermore, it makes it easier to determine the appropriate
level of debt to be issued as simply equalling the expected present value of future undepreciated
capital. In the absence of uncertainty, this policy is equivalent to requiring generations alive in
any period to pay only for the “rental price” of public capital.®® More generally, we have the

following;:

Proposition 8 Suppose that public capital can be owned by private firms and rented to the
government at competitive rates. Then an efficient allocation could be achieved by imposing a

pure balanced budget requirement on the government, which would rent the services of capital.

We relegate to the appendix the full details of the proof, but the intuition is very straight-
forward. With a rental market and a pure balanced budget, households alive will agree that it is
preferable for the government to rent, rather than own, its public capital. Purchasing the capital
would simply be a gift to future generations. Since all generations alive agree on the value of
services of public capital within each period, if the rental market is competitive, they will equal-
ize the marginal utility of the services from public capital to the rental price. Anticipating this,
firms will have an incentive to buy and rent to the government exactly the efficient amount of
capital.

In practice, most components of public capital would not support a competitive rental mar-

32

ket because they would generate a severe holdup problem.”>* The 1800s rule provides a good

alternative to the missing rental market.

31With uncertainty, this is only true in expected value; later generations may be called to pay more or less,

depending on the realization of the shocks.
32The following examples illustrate the problem. Any major infrastructure project, such as a canal, would

necessarily not face competition from a perfect substitute, generating monopoly power on the supply side. On
the demand side, no private firm would be allowed to bid against the government for renting nuclear missiles,

generating monopsony.
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4 Calibrated Examples

The previous theoretical results suggest that financing some, but not necessarily 100%, of public
investment with debt is desirable. If we interpret the 1800s rule as prescribing that 100% of the
cost of public investment be financed by debt issue, it is interesting to inquiry of our model: how
close is the efficient debt allowance xz* to 100%? And what is the efficiency loss from not setting
x exactly to x*7

To answer these questions, we now consider three calibrated examples. Throughout the three

examples, we assume:

e A constant, certain value for ¢i (the magnitude is irrelevant);

Decisions are taken every year, so 1 year is the appropriate period length;

B = 0.96;

a = 0.04522, corresponding to a half-life of debt of 15 years;

For depreciation, we consider a low value of 6" = 0.03 and a high value of §" = 0.06. The

former is meant to capture depreciation for major infrastructure projects, the latter is a
number commonly used for private capital.

The three examples differ in their demographic structures:3?

1. For “U.S. now,” we calibrate the survival process and the age distribution to that faced by

the U.S. population in 2000.

2. For “U.S. 18807, we calibrate the survival process and the age distribution to that faced by
the U.S. population in 1880. We will use this example to see to what extent demographic

changes over the last two centuries affect the relevance of the “1800s rule.”

3. To consider how federal and state governments are affected differently by the budget rule,

we calibrate the age structure to that of Illinois in 2000.3* We will label this experiment as

33The details of the demographic structure are contained in appendix B.
34The results presented here differ slightly from the earlier version of this working paper. This discrepancy is

due to correcting a mistake in computing the mobility by age.
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“Illinois now.” The crucial difference between “U.S. now” and “Illinois now” is the degree
of mobility. The model probability of “death” is calibrated by summing the probability of
dying and that of moving out of the state.>®> We assume that migration decisions are exoge-
nous. Modelling mobility as endogenous would strengthen our results: without borrowing,
current generations would have even less of an incentive to invest in public capital, since
additional investment would trigger more immigration, congesting any future benefits that

the current generations might enjoy.?® However, this effect is likely to be swamped by the

migration flows that occur for reasons that are independent of taxes and benefits.?”

U.S. Now U.S. 1880s Illinois Now
or =0.03 114% 108% 108%
or =0.06 7% 80% 80%

Table 1: Optimal Amount of Debt Financing

Table 1 reports the optimal fraction of public investment that should be financed by debt.3®

The main conclusion that we draw from this table is that this fraction is not very sensitive to
the demographic structure and evolution of the population: it is about the same in a calibration
with low population growth and low mortality rate (U.S. now), high population growth and
high mortality rate (U.S. in 1880) and low population growth with high mobility rate (Illinois
now). By contrast, the table shows that the debt is sensitive to the depreciation rate. The
results support the case for distinguishing between very long-term investments, such as major
infrastructures, and investment in equipment, for which a lower degree of debt financing or a

shorter maturity of debt is warranted.

35Tt is straightforward to adjust the model to account for migration. Immigration requires assuming that some
households are born at ages greater than 0; out-migration requires adjusting the annuitization so that households
lose their private assets if they die, but not if they move out of state. Both adjustments do not affect the

computations developed above to establish efficiency of the provision of public goods.
36See e.g. Schultz and Sjostrom [29)].
37As an example, even for the very targeted AFDC transfer programs, Meyer [16] and Gelbach [10] find that

endogenous mobility, while present, has a quantitatively small impact on the programs.
38Even when o < 6%, in all of the calibrated examples assumption 2 holds, which implies that z* is unique.
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Tables 2 and 3 measure the efficiency wedge in the provision of public capital for a given level
of debt financing. This is defined as

Meq — Mopt

Wedge =
ease Mopt

where Meq = marginal value of public capital in the political-economic equilibrium outcome and
Mopt = marginal value of public capital in an efficient allocation. As an example, a reading of
50% means that only those public infrastructures would be financed that generate a present value
of benefits of more than $1.50 per $1 invested.?”

In table 2, we consider the consequences of adopting a balanced budget provision that forbids
the government ever to borrow. Given the absence of wealth effects, this table also shows the
consequences of adopting any rule in which the deficit limit is independent of current spending; a
prominent example of this rule is the European stability pact, which caps deficits at 3% of GDP
independently of public spending. The table shows that the efficiency losses from this type of
policy can be substantial. It is smallest for current U.S. demographics, which are much closer to
Ricardian equivalence,*® and larger for 1880s demographics or the case of Illinois. These results
provide a rationale for adopting the 1800s rule in the 18th and 19th century rather than now,
and for adopting the rule at the state and local level rather than at the national level.

Table 3 looks at the consequences of allowing public investment to be 100% debt financed.
The main conclusion to be drawn from this table is that the efficiency losses from not tailoring
debt financing exactly are quite small; the worst loss comes from the 1880s calibration with
5 = 0.06, where projects are undertaken if they generate a present value of benefits of $0.92 per

$1 invested.

39 An alternative measure of the costs and benefits of switching policy is cast in (private) consumption equiv-
alents. Using the calibration presented in appendix B.2, the cost estimates turn out to be quite small. As an
example, for 6 = 0.06, the welfare gain, aggregated across generations, from moving from a balanced budget to
the efficient policy is a permanent increase of about 0.01% of consumption for the U.S. government, and of about
0.09% of consumption for Illinois. These small magnitudes are not surprising, since public investment is a small
fraction of GDP; even if all of public investment were pure waste, the consumption cost would simply be its share

in GDP, about 1% for the federal government and 2% for Illinois.
40A calibration to European data, with even lower population growth, would lead to even lower efficiency losses.
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U.S. Now U.S. 1880s Illinois Now
or =0.03 20% 46% 43%
or =0.06 14% 32% 30%

Table 2: Efficiency Wedge = W&_Tgltom under Balanced-Budget

U.S. Now U.S. 1880s Illinois Now
or =0.03 3% 3% 3%
or = 0.06 -4% -8% -7%

Table 3: Efficiency Wedge under 100% Debt Financing for Capital Improvements
5 Conclusions

Our main lesson is that the 1800s rule does remarkably well, given its simplicity. The rule makes
only a blunt distinction between recurring expenses and capital improvements, and permits no
debt to pay for the former and 100% debt to pay for the latter. By contrast, the distortions
from not distinguishing between the two types of spending can be substantial. This happens
even though the only source of “shortsightedness” in the political system comes from population
growth and mobility /mortality, which generate only small deviations from Ricardian equivalence.

Bigger departures from Ricardian equivalence are generated by political-economy models with
politicians who act as if they are more short-sighted than voters.#! Some of these models may be
casily extended to strengthen the case for adopting a rule,*? while others do not clearly generate a

distinction between government spending in durable and nondurable goods.** A more systematic

41Chari and Miller [8] rely on these models in their informal discussion to advocate the adoption at the federal

level of the rule considered here.
42We view extensions of Rogoff and Sibert [26] and Rogoff [25] as particularly good candidates because they

imply a tendency to choose projects with immediate benefits over projects with delayed benefits.
43 Among these, the most natural extension of models of partisan politics such as Alesina and Tabellini [1],

Persson and Svensson [19], or Tabellini and Alesina [33] would generate overspending in both types of goods,
unless government capital is perceived as a less partisan good than nondurable consumption, as assumed by

Peletier, Dur and Swank [18] and by Azzimonti-Renzo [2].
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analysis of the performance of the 1800s rule in such environments is a worthwhile extension of
the research we pursued here.

Throughout this paper, we have taken for granted that it is easy to distinguish between
durable and nondurable public goods. However, the 1800s rule seems to generate an obvious in-
centive to label any government expense as a “capital improvement.” An alternative institutional
setup that is immune to this is explored by Rangel [24], who advocates requiring the government
to rely on land taxes alone.?® When the value of government capital is factored into the price
of land, this approach allows current landowners to reap the benefits of public investments that
will accrue to future generations. Local jurisdictions in the U.S. rely heavily on property taxes

45

(if not land taxes),” suggesting that this is may be a viable alternative at least in the case of

local public goods.

Appendix

A Proofs

A.1 Proof of proposition 5

We already observed that in a competitive equilibrium the labor supply as well as private capital
and investment are equal to their (unique) value implied by any Pareto-optimal allocation. We
also proved that the balanced-budget restriction on Gy ensures that (7) is satisfied. We need
only to prove that there exists a value z* such that the solution to (24) satisfies (8). First, note

that Qs is linear in . Matching the first-order condition of (24) with respect to I" to (8) requires

median(Q? + QLz) = ¢ [1 — A(1 — &%) (33)
where _
_ T 505(1 B 5F)
= i 205

4 A similar argument appears also in Glaeser [11].
45Tn terms of efficiency, property taxes and land taxes have very different implications, as the former includes

a distortionary tax on capital.
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For a generic death process, we have median(Q!) # 0. In this case, the left-hand side of equation
(33) is a continuous function of x, and it diverges to infinity as x diverges, but with opposite signs
as © — —oo or  — +o0o. This implies that a solution to equation (33) exists. If assumption 2
holds, then Q! < 0 for all ages, hence the median cost strictly decreases with z and the solution

is unique. QED.

A.2 Proof of proposition 8

Assume the government is constrained by a pure balanced budget. First, we guess and verify that
there is a Markov equilibrium in which the government chooses not to own any public capital,
the total amount of public capital (rented + owned, in case a deviation occurs and some of it
is purchased) is independent of the past (it only depends on the current shocks), and likewise
public consumption is independent of the past. The proof repeats the steps of proposition 1 with

the following added considerations.

1. The competitive rental price of capital that allows firms to break even equals

qf — BE(1 - 5tr+1)QtF+1] (34)
This will be the rental rate in any period and after any history.

2. Within a period, the generations alive have to decide how to split the services of public
capital that they decide to consume between the rental market and the market where the
government purchases the capital. Within the candidate equilibrium, a purchase of public
capital by the government will be undone in the next period, when the undepreciated
portion will be resold to private firms (and rented back from them). Given the balanced

budget requirement, purchasing one unit of capital, rather than renting it, implies an
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. . . . 1-6} .
increase in taxes of SE;[(1—0},,)g;,,] in period ¢, and a decrease of —=**¢;,, next period,

with no further consequences. All generations alive will thus prefer that the government
rent public capital, as long as either n > 0 or the probability of survival from period ¢ to

t+11is not 1.

3. Having established that public capital will only be rented, we now look for the amount that
households will decide to rent. Since we assumed that the rental market is competitive,
houscholds will take as given the price (34). With this arrangement, there is now no
difference between G and the services from I': both are nondurable and purchased period
by period, both are valued equally by all generations alive, and all generations share equally
the costs for both. The efficiency result that we established for public consumption thus
trivially extends to public capital: households will rent services from public capital up to

the point at which
vp(Gy, I'y) = Qf — BE(1 - 5tF+1)QtF+1]

QED.

B Details of Calibration

B.1 Demographic Structure

1. U.S. now.

We use the death rate by age in 2000, from the National Center for Health statistics. For
the age structure we use data from the 2000 U.S. Census. We abstract from out-migration
from the U.S., which is small.*¢ However, the age structure reflects the effects of nontrivial
immigration. It is very straightforward to adapt the model for the possibility of people
being “born” at an age s > 0. We truncate the distribution at age 90, assuming that a

90-year old person dies for sure; we also do not consider people below 18 years of age, so a

46We tried including it, with little change.
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person is “born” when (s)he reaches age 18 or (s)he immigrates. Finally, population growth

is taken from the 10-year growth from the 1990 to the 2000 Census, at an annualized rate.

2. U.S. 1880s.

Mortality data come from Haines [12]. The data are aggregated in 5-year intervals of age,
so we used piecewise linear interpolation. For deaths and the age structure (relevant for
voters), we only consider males between 21 and 80. We use data from the West Model. For
the population growth (which we assume to be relevant for taxpayers), we use the growth
of the total U.S. population from 1880 to 1890, annualized. Results change very little if

different choices are made regarding the inclusion/exclusion of one sex from the calibration.

3. Illinois now.

For the probability of death, we use the same as the U.S. 2000 example. The probability of
death is swamped by the effect of out-migration, so any difference between Illinois and the
rest of the U.S. would be quantitatively insignificant for the results. For out-migration, the
U.S. Census reports the number of people that left Illinois between 1995 and 2000, by age.
We use this to construct an annual probability of out-migration by dividing the number of
migrants by 5. We are implicitly assuming that out-migration is permanent, i.e., a person
that leaves Illinois will never return to be an Illinois resident. This is clearly an unrealistic

assumption, but we expect the bias introduced by it to be quantitatively small.

B.2 Parameter Choices for Welfare Computations

We assume that v(G,T") = 5(?_: + nrl::

To pin down o, we need a measure of the price elasticity of the demand for public goods.
DelRossi and Inman [9] survey related studies, quoting estimates between 0.17 and 5. We choose
a unit elasticity and set o = 1 (log preferences).

To calibrate £ and 7 for the federal government, we match the fraction of government con-

sumption expenditures to GDP and government gross investment to GDP from NIPA data,

which are approximately 6% and 1% respectively. For Illinois, we match the ratio of the operat-
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ing budget appropriations to GDP and of capital budget appropriations to GDP (source: BEA
for GDP, State of Illinois for spending); these numbers are approximately 7% and 2%. We do
not consider the U.S. in 1880, as the scope of the federal government was extremely limited back
then.

We assume that the economy is in steady state, and normalize GDP to 1.8 To infer the
stock of public capital from the flow of gross investment, we take the depreciation rate to be
6% (our higher choice, which does not correspond to infrastructure only). We assume that
[linois is following the 1800s rule, and fix £ and n to match the appropriate ratios under this
assumption. Since the federal government is not mandated to follow any constitutional rule in
linking taxes and spending, it is less obvious what to assume. Fortunately, the results for the
federal government are less sensitive to the specific value chosen: as the wedges in table 2 imply,
even drastic changes in the degree of debt financing have only a moderate impact on government
spending. We thus assume that the federal government follows a practice that requires, at the
margin, an extra dollar in current revenues for each extra dollar in spending of either type; this
rule is equivalent to a balanced budget, or to the 3% deficit/GDP limit of the European stability
pact, or to any deficit ceiling which is not conditional on spending.

The implied values for £ are approximately .078 for the federal government and .093 for

[linois; the implied values for n are approximately .02 at the federal level and .036 for Illinois.

C Robustness Checks

The results obtained above rely on the strong assumption of quasilinear preferences. In this
section, we study whether they are likely to be robust to alternative specifications of preferences.
Unfortunately, when preferences are not quasilinear, a Markov equilibrium will typically depend

on the entire distribution of wealth across the living cohorts; computing equilibria with both

4TFor the 19th century, we chose to analyze the United States because very good mortality data by age were
readily available to us. However, that experiment is mainly designed to inform us about the likely gains for other

countries in which national governments played a more prominent role.

48Note that, in a growing economy, ¢ and 1 should grow at the GDP rate to have balanced growth.
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endogenous policy and long-lived overlapping generations is thus infeasible. We will instead study
economies in which overlapping generations live for (at most) two periods. We will compare the
results for quasilinear preferences and for a more-standard log choice, and will argue that they
are quite similar. This makes us optimistic that the results would also be similar in the case of
long-lived overlapping generations.

The choice of overlapping generations of two period lived people is useful computationally,
but it is also interesting because it stacks the odds against us. To see this, consider the first-order

condition that determines public investment in the quasilinear case:
ur(G,T') = median(Qs), (35)

where @5 in (23) is computed assuming that any additional investment undertaken today is re-
versed in the subsequent period. If the current median voter stayed in power for the subsequent
period as well, the same first-order condition would hold, even without quasilinearity: the en-
velope condition would imply that, at the margin, the household would be indifferent whether
the current additional investment is fully undone next period, or whether some of it is passed
on. The presence of conflict generates two departures from this first-order condition: first, the
envelope condition no longer holds, since the identity of the median voter changes from one
period to the next; second, the median has to be taken over the (), computed according to the
equilibrium process for taxes, so the identity of the median voter might change depending on
the speed with which any additional investment is reversed in the subsequent periods. However,
both of these factors play a limited role in the quantitative results of the previous section. Most
people currently alive (up to age 55 or so) face a fairly flat probability of death for a long time; as
a consequence, the choice of next period’s median voter is very close to the optimal choice of the
current median voter, and even a change in the identity of the median voter is unlikely to cause
drastic changes in policy. By contrast, with overlapping generations living for two periods, the
conflict between the current median voter (which we will take to be the young, assuming popu-
lation growth) and the future median voter is extreme, since their survival profiles are radically
different.

In the computations below, we compare the outcomes of quasilinear preferences with the
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political outcome when households have preferences given by
log co,s +log(1 — Iy s) + & log(Gs) + nlog(T's)+
B0 (log c1 541 +10g(1 — by s41) + {log(Gorr) + nlog(Fs+1)]
To simplify the analysis, we assume no uncertainty. We take factor prices as given. We will
mainly comment results at the steady state, but similar numbers occur along transition paths.
We construct a sequence of numerical examples. Even though we occasionally chose some pa-
rameter values to match data, these are meant purely to illustrate the extent to which quasilinear
preferences and log preferences yield similar results.
In example 1, we set one period to be 30 years; this gives households a reasonable life span,
but it implies an unreasonably long lag between one policy session and the next. We thus choose

the following parameter values:

e Oy = 1: the young survive for sure 1 more period, leading to maximal conflict between the

two generations alive;
e n = 1: population doubles from one period to the next;

e r =5 and 6* = .84: this corresponds to a yearly depreciation of about 6% and a net rate

of return of capital of 5.62% per year;
o = 1+r+5k: this implies that the individual consumption profile is flat;
e « = 0.2: this implies a half-life of debt of about 3 periods (93 years);
e 6" = 0.6, about 1.7% per year;
o w=10;

e n = 0.02, £ = 0.133; this implies that, in the steady state of the golden rule, public
investment/GDP is 2% and public consumption/GDP is 7%.

e Throughout the example, the government is not allowed to issue debt to pay for public
consumption; in steady state, this turns out to be efficient, since both generations alive

have the same private consumption level and hence the same valuation of the public good.
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Optimal debt Steady-state wedge Steady-state wedge

if starting at golden rule under balanced budget under Golden Rule
Log 6% 3.8% -54%
Linear % 4.2% -54.2%

Table 4: Public investment and efficiency in example 1

Table 4 illustrates the results for this case. The first column illustrates the following experi-
ment. We assume that the economy starts from the steady state implied by the political-economic
equilibrium that prevails under the golden rule. At time 0, the fraction x of investment financed
through bonds is unexpectedly changed once and for all. We compute the compensating vari-
ation that makes each generation indifferent between the original value of x and the new one.
Typically, early generations will be hurt by a sudden reduction in x, since they will be able to
pass on less debt to future generations, while later generations benefit from the lower steady-state
level of debt. We aggregate welfare using the interest rate as the discount factor, which would
be appropriate if the government could use generation-specific lump-sum transfers for compen-
sation. The optimal amount of debt financing turns out to be quite low in this case: this is not
surprising, since most public capital depreciates from one period to the next. More interestingly,
log and linear preferences yield almost identical answers.

In the second column, we look at the wedge in the marginal utility of public capital between
the efficient provision level and the one prevailing in steady state when the government is not
allowed to issue any debt (z = 0). In the third, we study the same wedge, but in the steady state
when the government follows the golden rule (x = 1). Even for these measures of distortion,
linear and log preferences yield essentially identical results.

The results of example 1 are driven to a significant extent by the high discount factor and the
low durability of public capital. In example 2, we choose numbers closer to a yearly calibration;
this implies of course that people in this artificial economy would live only for 2 years.

Parameter values are now: 6y = 1, n = 0.02, 3 = 0.96, 6* = §* = 0.06, r = .102 (such that

6= ﬁ), a = 0.045, and n, &, and w at the same values of the first example.
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Optimal debt Steady-state wedge Steady-state wedge

if starting at golden rule under balanced budget under Golden Rule
Log 66% 59% -16%
Linear 53% 18% -16%

Table 5: Public investment and efficiency in example 2

For this example, the difference between log and linear preferences is more significant. How-
ever, this difference almost vanishes if we reduce the probability of survival from young to old
age to 0y = 0.4, as shown in table 6. Since 6y = 0.4 still implies a high degree of conflict across
generations, we view this result as very encouraging for the accuracy of the predictions contained

in section 4.

Optimal debt Steady-state wedge Steady-state wedge

if starting at golden rule under balanced budget under Golden Rule
Log 89% 564% -66%
Linear 89% 562% -66%

Table 6: Public investment and efficiency in example 2, with 6, = 0.4

Finally, to assess the impact of wealth effects, we change the interest rate r to 22.7% for the
log economy only, so that, in the steady state, consumption of the old is 12% higher than that
of the young.*® The approximation remains acceptable, except for distortion levels that are very
far from anything that we considered in section (4).

The presence of a wealth effect implies that a balanced-budget restriction will no longer lead
to efficiency in public consumption; since the young are relatively poorer, they will choose a
lower level of G' than optimality would dictate. Table 8 explores a potential role for letting the
government issue debt as a way of restoring efficiency. While allowing a tiny fraction of debt

financing improves welfare, the results suggest again that the difference between linear and log

49For the linear economy, the consumption profile is indeterminate, and an increase in r with no change in 3

would lead to unbounded solutions.
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Optimal debt Steady-state wedge Steady-state wedge

if starting at golden rule under balanced budget under Golden Rule
Log 81% 263% -62%
Linear 89% 562% -66%

Table 7: Public investment and efficiency in example 2, with §, = 0.4 and an increasing con-

sumption profile

Optimal debt Steady-state wedge

if starting at golden rule under Golden Rule

Log 6% 3%
Linear 0% 0%
Table 8: Public consumption and efficiency in example 2, with §;, = 0.4 and an increasing

consumption profile

preferences is small; the main implication that spending in nondurable public goods should not

be financed through debt is upheld.
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