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Abstract

Aiyagari and McGrattan (1998) developed a model in which optimal net government debt
in the steady state is positive. This result arises from a particular form of financial market
incompleteness: that households cannot buy insurance against prolonged spells of low
income. In this paper we extend the Aiyagari-McGrattan model in ways that preserve
incomplete financial markets but overturn the result that optimal net government debt is
positive. In particular, we show that Aiyagari and McGrattan implicitly assume that
government debt crowds out government waste, which provides an additional channel for
net debt to provide social benefits. We show that when this channel is blocked, positive
net debt is no longer optimal. We also relax the assumption that the economy is closed
and show that in an open economy the “insurance” benefit provided by net government
debt is diluted by the fact that foreigners will hold some of the debt. In our open economy
case positive net debt is again no longer optimal.
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Executive Summary

1. Introduction

The notion that net government debt is too high is generally accepted in the Canadian
academic and policy community.  It is supported by research that shows that debt is
economically costly and imposes burdens on future generations.  However, this research
provides little guidance on the issue of how low the debt should ultimately go.

This paper draws on a new and rapidly evolving literature that assumes incomplete
financial markets, which provides an important economic role for net government debt
not found in standard complete markets models.

Our starting point is the seminal computable general equilibrium model developed by
Aiyagari and McGrattan (1998) to estimate an optimal debt-to-GDP ratio for the United
States.  This model has the desirable feature of incorporating the effects of incomplete
markets in a quite sophisticated way.  This paper evaluates and extends the Aiyagari and
McGrattan model and applies it to Canada.

2. The Standard Complete Markets Framework

Complete markets models have provided us with a firm understanding of the costs of
government debt. Higher debt reduces national saving which leads to increased net
foreign indebtedness and a lower capital stock.  These effects in turn lead to lower output
and income.  Higher debt servicing costs force governments to raise distorting taxes
and/or cut productive government spending.  Higher debt reduces the government’s
capacity to stabilize the economy and engage in tax smoothing in the face of economic
shocks. In this type of model, eliminating all government debt would be beneficial, and
building up a large accumulated surplus would be better still.

Carrying this exercise to its logical conclusion would yield an 'optimal' policy, of
building an accumulated surplus sufficiently large to allow all distorting taxes to be
eliminated by financing expenditures entirely from interest income. This would imply a
positive net financial asset position for the government of about 150 per cent of GDP.
This would be optimal because it would eliminate all distortions and move the economy
to its modified golden rule path.

The notion that a large accumulated surplus is optimal is unconvincing.  It flies in the
face of the fact that no government has ever pursued such a policy.  Positive debt-to-GDP
ratios have been the historical norm for all industrialized market economies.  Canada has
never had a negative net federal debt, and has averaged a net federal debt-to-GDP ratio of
40 per cent since confederation (see the Chart below).
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If there really were large benefits from eliminating the debt and even accumulating
surpluses, why has no government exploited these benefits?  A possible answer is that
while complete markets models are very good at capturing the costs of debt, they may be
missing some important benefits of debt.  The empirical shortcomings of complete
markets models provide useful clues in this regard. It is well known that individual
consumption, wealth and portfolio allocation data are inconsistent with the predictions of
complete markets models.  Incomplete markets models are better able to overcome these
problems.

3. The Incomplete Markets Framework

In the incomplete markets literature, the economy is usually characterized by individuals
who are subject to idiosyncratic and uninsurable shocks and by frictions in asset markets
taking the form of borrowing constraints, costs of monitoring individual credit-
worthiness or transactions costs. As a result, individuals typically face higher borrowing
than lending rates and may be completely liquidity constrained when hit by negative
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income shocks. Their inability to insure themselves against such will lead them to engage
in precautionary saving.

Empirical Appeal

The incomplete markets approach generates the empirically plausible notion that
individuals face substantially greater uncertainty than that represented by fluctuations in
aggregate variables.   Individual uncertainty is greater because people are unable to fully
insure against idiosyncratic risks.  Incomplete markets models are empirically appealing
on a number of grounds:

•  Many individuals face significant differentials in lending and borrowing rates that are
consistent with imperfect monitoring of credit worthiness and the existence of
transactions costs.

•  Incomplete credit markets can address the equity premium and low risk free rate
puzzles in the capital asset pricing literature.

•  Consumption is more sensitive to disposable income than predicted by the permanent
income hypothesis. Liquidity constraints would generate this result, although other
explanations such as myopia would do the same.

Implications for Government Debt

Government debt can enhance the liquidity of private agents in a number of ways
depending upon the underlying features of the particular incomplete markets model used.
Debt may provide a relatively safe saving instrument to agents that could not otherwise
be available. In this case gross debt enhances liquidity. On the other hand, debt may raise
the overall private net asset positions of the agents even if government debt is
indistinguishable in its risk characteristics from private assets. In this case net debt
enhances liquidity.

The latter effect arises in the computable general equilibrium (CGE) model developed by
Aiyagari and McGrattan (AM) to estimate the optimal debt-to-GDP ratio for the United
States.  This model incorporates the effects of incomplete markets in a sophisticated
manner and is the only CGE model to do so.

In the AM model agents face borrowing constraints which prevent them from fully
insuring themselves against idiosyncratic shocks.  To self-insure, agents hold more
physical capital than they would need under full insurance. An increase in net
government debt enhances household liquidity by increasing the supply of financial
assets that can be used for consumption smoothing. The consequent reduction in
consumption volatility is welfare enhancing. Moreover, government debt allows agents to
reduce their “inefficient” holdings of physical capital, which reduces the marginal
product of capital.  It thus appears as if government debt raises the interest rate and
“crowds out” physical capital.  However, in this model, the reduction in physical capital
is desirable.



5

Assessment of the Aiyagari-McGrattan Model

The Aiyagari and McGrattan model is in steady-state form, and is calibrated to U.S. data.
Aiyagari and McGrattan estimate that the optimal US net government debt-to-GDP ratio
is 0.66 (very close to the U.S. post-war historical average) but find that the social welfare
cost of deviating from this optimum is quite small.  However, there are a number of
reasons for viewing these results cautiously:

i) Government absorption is treated as waste. This creates an artificial benefit channel
for debt, since the Aiyagari and McGrattan fiscal dividend rule implies that
government absorption falls as the steady-state level of debt rises.  Effectively, one
reason that debt is good because it forces governments to waste less money.

ii) The model is closed. Open economy features would tend to weaken the liquidity
benefits of government debt.  This is because higher government debt will lead to
higher net foreign indebtedness, reducing the size of the domestic agent’s financial
asset increase and the consequent liquidity benefit.

iii) The tax smoothing and automatic stabilization capacity of debt is not captured.  This
capacity is likely greatest when the government net asset position averages near zero,
as this minimizes net interest payment variability.

iv) The model ignores the fact that some government social programmes such as
Employment Insurance do provide at least partial insurance against idiosyncratic
labour earnings shocks.  Such programmes would tend to reduce the need for
government debt to enhance private liquidity.

v) The model may not fully capture the persistence of the idiosyncratic shocks that
people face.  Accounting for this would strengthen the liquidity benefit of debt.

4. Extensions to the Aiyagari and McGrattan Model

The paper limits itself to improvements to the Aiyagari and McGrattan model.  To this
end, points (i) and (ii) are addressed by introducing alternative fiscal rules, a welfare role
for government spending and open economy features.  The paper compares the resulting
welfare effects of government debt with those obtained by Aiyagari and McGrattan.
Unlike Aiyagari and McGrattan, we do not interpret the resulting social welfare maxima
as the true optima on the grounds that items (iii) to (v) must also be addressed which
might require the use of other models.

The extensions are:

•  To test the importance of  (i) we shut off the absorption channel and force taxes to bear
the full brunt of fiscal adjustment.  This significantly raises the net cost of debt.
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•  The welfare role of government absorption is modelled and the Aiyagari and
McGrattan fiscal dividend rule reintroduced.  This moderately raises the net cost of
debt.

•  Open economy features are introduced.  We assume imperfect substitutability
between foreign and domestic assets, which implies home country asset preference.
This may be regarded as intermediate between the polar extremes of a closed and
small open economy.  This also moderately raises the net cost of debt.

5. Conclusions

Aiyagari and McGrattan have identified an important channel for government debt that
must be considered in determining an appropriate long-term benchmark.  They are,
however, too quick to claim to have found a precise estimate of the optimal debt-to-GDP
ratio.  The estimated optimum is quite sensitive to assumptions regarding the welfare
effects of government absorption, the fiscal dividend rule and the openness of the
economy.

While the specific optima are quite sensitive to these assumptions, the model does
generate a qualitatively robust conclusion, namely, that the social welfare cost of
government debt is less under incomplete markets than under complete markets.  This is
significant because it allows potentially greater scope for other factors such as the
buffering role of debt in the determination of the overall optima.

Other implications are:

•  Focussing fiscal dividends on the most welfare-enhancing government spending or the
most distorting taxes implies a higher social welfare cost of government debt and a
lower overall optimum debt-to-GDP ratio.

•  A reduction in the ability of transfer programmes to insure individuals against negative
idiosyncratic shocks implies a lower social welfare cost of government debt and a
higher overall optimum debt-to-GDP ratio.

•  Increased openness of the economy (defined as substitutability of domestic and foreign
assets) implies a higher social welfare cost of government debt and a lower overall
optimum debt-to-GDP ratio.

No single framework or model will suffice in determining an optimal debt policy. The
extended AM model should be viewed as an important building block in broader work
addressing the optimal debt-to-GDP ratio issue.
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The Role of Government Debt in a World of Incomplete Financial Markets

1. Introduction
Government debt generates well-understood costs. Higher debt reduces national saving
which leads to increased net foreign indebtedness and a lower capital stock.  These
effects in turn lead to lower output and income.  Higher debt servicing costs force
governments to raise distorting taxes and/or cut productive government spending.  Higher
debt reduces the government’s capacity to stabilize the economy and engage in tax
smoothing in the face of economic shocks.

In this type of model, eliminating all government debt would be beneficial, and building
up a large accumulated surplus would be better still.  However, a growing literature
argues that an important benefit of debt is its ability to overcome imperfections faced by
individuals in asset markets. Borrowing constraints that prevent individuals from using
their entire future labour income as collateral are an example of such an imperfection.
Individuals with low levels of financial assets may be unable to use their human wealth
(the present discounted value of their expected labour income) to buffer against labour
income shocks.

In a world of incomplete financial markets, government debt can enhance the liquidity of
private agents in a number of ways. First, the issuance of government debt directly raises
the supply of financial assets relative to human wealth, and therefore improves private
agent liquidity.  This liquidity-enhancing effect occurs even if government debt is
indistinguishable in its risk characteristics from claims on private firms; that is, it does
not rely on any special characteristics of government bonds. All that is required is that the
net government supply of financial assets increases.  An increase in gross debt that was
matched by higher gross asset holdings would not raise the net supply of financial assets
available to private agents. This liquidity channel is of particular interest because net debt
levels are generally the primary concern of policy-makers.  The costs described earlier
are also a function of net rather than gross debt thus there is a natural conceptual
symmetry between those costs and this liquidity benefit.  For these reasons, this paper
focuses on this channel.

A second strand of the incomplete markets literature argues that government debt
provides agents with a relatively safe saving instrument that would not otherwise be
available.  The liquidity service provided by treasury bills may be close to that of money,
but with the advantage of a positive rate of return.  In this case, gross debt enhances
liquidity.  While not the main concern of this paper, an “optimal” gross debt can
ultimately have implications for net debt if the government has a desired gross asset
position.  For example, gross government asset holding may be limited by a desire to
leave most of the economy in private hands for efficiency reasons.

This paper is organized as follows. Section 2 reviews effects of government debt in
standard complete markets models. We then contrast this with the role of debt in
incomplete markets models. We focus on a recent study by Aiyagari and McGrattan
(1998), and provide an assessment of its strengths and weaknesses. Section 3 extends the
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Aiyagari-McGrattan model by incorporating a variety of fiscal rules, a welfare role for
government spending and open economy features.  Section 4 presents conclusions,
limitations and promising directions for further work.

2. Complete Versus Incomplete Markets

2.1 The Standard Complete Markets Framework
A number of computable general equilibrium studies have been undertaken using the
complete markets framework to estimate the economic and social welfare effects of
government debt. Examples include Auerbach and Kotlikoff (1987) for a closed U.S.
economy and James (1994), James and Matier (1997) and Macklem, Rose and Tetlow
(1994) for an open Canadian economy. In these models, debt generates costs via national
saving and tax distortion channels.

Issuing debt, or running a deficit, represents a delaying of taxes until the future. For this
to be costly, future taxes must be seen by agents as in some sense different from taxes
today. If the future taxes associated with forgoing taxes today, or running a deficit, are
seen as equal in present value to the current deficit, and if they are also non-distorting, or
lump-sum, then no costs will follow. The notion that the debt-lump-sum tax mix might be
irrelevant is called ’Ricardian equivalence’ and has received renewed attention during the
past fifteen years. Bernheim (1987) conducts an extensive literature review and argues
that complete Ricardian equivalence is theoretically highly improbable and is not
supported empirically.

For a given level of government expenditure, debt also imposes economic costs because
of the use of distorting tax instruments to finance expenditures. This is conceptually
separate from Ricardian equivalence per se, which asserts merely that the debt-lump-sum
tax mix is irrelevant. As long as real capital returns exceed real growth rates, an increase
in the debt-to-GDP ratio will imply that future distorting taxes will be higher, which will
generate economic costs. Results in James (1994) and James and Matier (1997) suggest
that the tax channel costs are greater than those generated by the dissaving channel.

These studies conclude that debt reduction leads to a higher capital stock, lower net
foreign indebtedness (in the open economy cases) and lower distorting taxes. Debt
reduction also generates transitional costs in the form of reduced consumption and
output, however the studies find that these costs can be more than offset by the long run
benefits of reduced debt.

In the standard framework, reducing the debt-to-GDP ratio from 100 per cent to 0 would
be beneficial, but so would be a move from 0 to an accumulated surplus of 100 per cent.
Carrying this exercise to its logical conclusion would yield an ’optimal’ policy, namely
building an accumulated surplus sufficiently large to allow all distorting taxes to be
eliminated and expenditures to be financed entirely from interest income. This result is
found in a number of studies in the public finance literature, for example, Barro (1979)
and Chamley (1985) and (1986). At the federal level, it would imply an accumulated
surplus of about 150 per cent of GDP. In the standard framework such a policy would be
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optimal because it would eliminate all distortions and move the economy to its modified
golden rule path --provided that the economy is ’dynamically efficient’, that is, a higher
capital stock would raise consumption per person. The fact that capital returns generally
exceed economic growth rates suggests that the Canadian economy is dynamically
efficient.

The notion that a large accumulated surplus is optimal flies in the face of the fact that no
government has ever pursued such a policy. Indeed, it is extremely rare for any
government to actually eliminate its debt, even during the 19th century when the size of
government was small and fiscal profligacy was particularly frowned upon. The United
States federal government eliminated its debt in only two years - 1835 and 1836, and
Canada has never done so.

2.1.1 Empirical Shortcomings
 The counterfactual features of the complete markets framework have been widely
documented in the literature. The behaviour of individual consumption, wealth, and
portfolios is strongly at variance with the complete markets models. These models fail to
reconcile intertemporal asset pricing theory with historical observations on the joint
behaviour of actual consumption and asset returns.

Real stock returns, real short government bond returns and the growth rate of per capita
real consumption exhibit behaviour that give rise to the equity premium puzzle and the
low risk free rate puzzle. Mehra and Prescott (1985) show that simple representative
agent models  (which assume complete and frictionless financial markets) imply excess
returns on equity that are substantially smaller than those observed historically. The
equity premium puzzle is that stocks are not sufficiently riskier than bonds to explain the
spread in their returns1.  The risk free rate puzzle is that individuals save more than a
representative agent model would predict given low observed aggregate consumption
variability and low risk free rates.

Underlying the Mehra and Prescott model is the presumption that the behaviour of per-
capita consumption growth is a good guide to the behaviour of individual consumption
growth. If asset markets are complete, individuals can write contracts against any
contingency and idiosyncratic risks are easily diversified away. All consumption streams
will look similar to each other and to per-capita consumption. In this environment, the
equity premium puzzle arises from the fact that per-capita consumption is very smooth,
and therefore its covariance with stock returns is small.

Realistically, trade cannot be made contingent upon the realization of all possible
individual shocks and so most economists believe that insurance markets are incomplete
in one way or another. The absence of complete insurance markets generates substantial
risk at the individual level and in return, makes agents more hesitant to hold risky assets.
This additional risk faced by the individual means that his consumption growth is more

                                                

1 See Burnside and McCurdy (1992) for a literature review on the equity premium puzzle.
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variable than per-capita consumption growth. Market incompleteness means that the
additional variability in individual consumption is likely to generate a larger covariance
of individual consumption growth with stock returns.  Individuals must save more under
incomplete markets in order to smooth random fluctuations in their consumption streams.
This precautionary saving pushes the risk free rate below the complete markets interest
rate.

2.2 The Incomplete Markets Framework
In incomplete markets models individuals face uninsurable idiosyncratic shocks. Asset
markets feature frictions that can take the form of borrowing constraints, costs of
monitoring individual credit-worthiness or transactions costs. Individuals may face higher
borrowing than lending rates and may be completely liquidity constrained when hit by
negative income shocks.  Their consumption will consequently be more volatile than
aggregate consumption.

2.2.1 The Role of Government Debt
The liquidity-enhancing role of debt can take different forms depending upon the
underlying features of the particular incomplete markets model used. While models with
market imperfections may yield results that are very different from their complete
markets counterparts, not all market imperfections yield similar welfare results. As noted
in the introduction, some models have implications for net debt while others have
implications for gross debt. Debt may raise the overall private net asset positions of the
agents even if government debt is indistinguishable in its risk characteristics from private
assets. In this case, net debt enhances liquidity. On the other hand, government debt may
provide a relatively safe saving instrument to agents that could not otherwise be
available. In this case, gross debt enhances liquidity.

2.2.2 Models in which Gross Debt Enhances Liquidity
Bohn (1997) analyzes the effects of government debt and deficit financing strategies in a
situation with low real interest rates, using an intergenerational equity criterion. He shows
that the welfare assessment of persistent government deficits depends on what explains
the low risk-free rate puzzle mentioned earlier.  Bohn develops a model in which the
government can issue debt at an interest rate below the interest rate on private loans and
thus, increasing government debt reduces intermediation costs.

Hölmstrom and Tirole (1998) also examine the liquidity effects of government debt.
They show how public debt can aid the corporate sector meet its liquidity needs. They
address a basic, yet unresolved, question: do private assets provide sufficient liquidity for
the efficient functioning of the productive sector? Liquidity here refers to the availability
of instruments (market and nonmarket) that can be used to transfer wealth across periods.
Typically, studies that have addressed the sufficiency of liquidity have focused on the
consumer sector; however, Hölmstrom and Tirole build a model in which firms have
liquidity needs. In order to protect against liquidity shocks a firm may want to hold liquid
reserves in the form of, marketable assets that can be readily sold or by arranging in
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advance for a line of credit (a long-term loan). The same agency problem that limits the
amount of financing that firms can raise ex-post as a result of a negative liquidity shock
also limits the amount of liquid assets that are available in the market to back up long-
term financial commitments by outside investors. When firms can sell outsiders only a
small fraction of their expected returns, the security market as a whole has a very limited
capacity to transfer wealth from one period to the next.

Under aggregate uncertainty, the private sector cannot fully satisfy its own liquidity
needs thus creating a potential demand for government-provided liquidity. Hölmstrom
and Tirole show that the government can achieve a Pareto improvement by issuing
Treasury bonds and that these bonds can be sold at a liquidity premium. The productive
sector is willing to purchase low-yielding securities because they serve as an input to the
production process.

2.2.3 A Model in Which Net Debt Enhances Liquidity: The Aiyagari-McGrattan
Model
The Aiyagari-McGrattan (1998) model features a continuum of infinitely lived agents
who face uninsurable idiosyncratic labour earnings shocks and borrowing constraints,
with no aggregate risk. The absence of complete markets combined with borrowing
constraints leads agents to engage in precautionary saving in order to insure against these
shocks.

A key feature of the Aiyagari and McGrattan model is that the equilibrium interest rate is
lower, and the capital stock higher, than under complete markets.  This is demonstrated
graphically in Chart 1.  This chart shows the aggregate supply and demand curves for
financial assets (claims on private physical capital plus government bonds).  The supply
of physical assets is obtained by equating the marginal product of capital with the interest
rate.  In a world of complete markets, the demand curve is the horizontal line that
intersects the interest rate axis at the rate of time preference.  Equilibrium occurs at the
point “CM”.

In contrast, under incomplete markets, asset demand would be infinite at this interest rate.
If the interest rate equalled the rate of time preference, the agent would attempt to
maintain a smooth marginal utility of consumption profile.  At the margin, holding an
additional unit of the asset is costless to the agent. However, given that there is a positive
probability of receiving a long string of bad draws of labour income shocks, maintaining
a smooth marginal utility of consumption would only be possible if the agent held an
infinitely large amount of assets to buffer the shocks. Only if the interest rate is less than
the rate of time preference is asset demand finite, because holding an additional unit of
the asset is then costly.  The asset demand curve is therefore upward sloping. The
equilibrium is labelled “IM”.  Under incomplete markets the equilibrium interest rate is
lower and the capital stock higher than under complete markets.  The larger capital stock
is the result of precautionary saving as indicated in the chart.
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Chart 1: Equilibrium Under Complete and 
Incomplete Markets
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Under incomplete markets, an increase in government debt enhances the liquidity of
households by increasing the supply of financial assets that can be used for consumption
smoothing. The consequent reduced need for precautionary saving means that the asset
demand curve shifts to the left.  Higher debt increases the interest rate and crowds out
some physical capital, although total (including government) financial asset holdings
increase.  In contrast, under complete markets and infinite horizons, an increase in
government debt has no effect on either the equilibrium interest rate or capital stock (see
Chart 2). Aiyagari and McGrattan note that Ricardian equivalence breaks down under
incomplete markets because an agent who becomes borrowing constrained is effectively
bankrupt and subsequently reborn as a new economic actor.  A positive probability of
bankruptcy shortens effective planning horizons in a similar fashion to the positive
household death and birth rates of the Buiter-Weil-Blanchard models.
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Chart 2: Impact of a Government Debt Increase 
Under Complete and Incomplete Markets
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2.2.4 Intuition Underlying the AM Result
To understand the intuition underlying the AM result, consider an isolated individual
(e.g., Robinson Crusoe) subject to exogenous productivity shocks (e.g., due to the
weather).  To self-insure against the possibility of a string of bad productivity shocks,
Crusoe’s only option is to keep more extra physical capital (e.g., more seed corn) on
hand.  Relative to the case in which productivity insurance is available, Crusoe’s capital
stock is “too high” and the marginal product at capital (the interest rate) is “too low”.

Ideally, Crusoe would like to buy productivity insurance, instead of keeping too much
capital.  But even if he could find other people in situations similar to his, the market for
productivity insurance would probably fail because of moral hazard or adverse selection
problems.

Now suppose that there is a government that issues net debt. Crusoe (and his
counterparts) can buy this debt and use it as the store of their precautionary savings,
selling their share of the debt when times are bad.  The government debt serves as a
(somewhat imperfect) substitute for productivity insurance.  Individuals are able to
reduce their physical capital holding, raising the marginal product of capital and therefore
the interest rate.

Note that private financial debt could not play the same role, because it must be secured
by private physical capital, leading back to the problem of too much capital.  The same
problem would arise if the government issued gross debt backed by purchasing of shares
in private capital.  Government net debt is secured by the power of the state to enforce
taxes.  This allows the government to avoid the moral hazard and adverse selection
problems that impede the provision of private productivity insurance.
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2.2.5 Fiscal Policy in the AM model
The Aiyagari and McGrattan model is in steady-state form and is calibrated to U.S. data.
The authors employ a fiscal rule that holds government spending and transfers constant
as a proportion of GDP with income taxes adjusting residually as the steady-state debt-to-
GDP ratio is adjusted.   The authors estimate that the optimal debt-to-GDP ratio is .66
and that the curvature of the welfare profile over the entire region of positive debt-to-
GDP ratios is quite flat (see Chart 3).  Reducing the debt-to-GDP ratio from .66 to 0
implies a welfare loss of less than one-tenth of a percentage point in terms of
consumption units.

Aiyagari and McGrattan simulate an alternative fiscal rule in which lump-sum transfers
rather than distorting income taxes perform the residual adjustment.  The resulting
optimal debt-to-GDP ratio is 1.4, however the welfare profile remains quite flat (see
Chart 3).  The optimal debt-to-GDP ratio is higher in this case because the distorting tax
cost channel has been removed, leaving the liquidity benefit channel to be balanced only
by the savings cost channel.  In contrast, simulations conducted using the complete
markets Dynamic Neoclassical General Equilibrium Model (DNGEM) yield a high net
social welfare cost of debt (see, e.g., James, 1994).

Chart 3: Original Aiyagari and McGrattan Model and 
DNGEM Results
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2.2.6 Assessing the AM model
The Aiyagari and McGrattan model quantifies the liquidity benefit role of debt in an
innovative and sophisticated manner.  However, their claim to have precisely estimated
the optimal debt-to-GDP ratio for the United States is premature for a number of reasons.

First, the model’s treatment of government absorption combined with the particular fiscal
dividend rule used tends to bias up the net benefit of debt.  As the steady-state debt-to-
GDP ratio increases, government absorption and transfers are allowed to move in
proportion to changes in output, with taxes adjusting residually (implicitly reducing the
tax cost channel) to maintain debt sustainability. Now, higher government debt typically
implies lower long-run output which, given this rule, implies lower absorption and
transfers. Absorption is treated as government waste; thus lower absorption is welfare
enhancing. Increased debt can thus be welfare enhancing not only for liquidity reasons,
but also because it forces governments to ultimately reduce wasteful expenditures.  The
welfare benefits of government spending would need to be modelled explicitly for the
true welfare effects using this fiscal rule to be accurately judged.

Second, there is no aggregate uncertainty, hence there is no aggregate buffering role for
debt.  Optimally, the government net asset position acts as a buffer against economic
shocks and lumpy government capital expenditures.  This buffering role is desirable
because of the superiority of smooth over fluctuating tax rates and because automatic
stabilizers can help insulate the economy against demand shocks. If the government’s
objective is to bound the expected standard deviation of the debt-to-GDP ratio, then
maximum buffering may be achieved by targeting an average net asset position of zero,
as this will minimize the standard deviation of net interest payments.

Third, the ability of transfer programmes to provide partial insurance against
idiosyncratic labour earnings shocks is ignored.  Such programmes would decrease the
liquidity-enhancing role of debt and the need for precautionary savings.

Fourth, the persistent nature of many idiosyncratic shocks may not be fully captured.
Accounting for this would strengthen the liquidity benefit of debt.  Transfer programmes
may also lose their insurance capacity in the face of persistent negative shocks.  For
example, Employment Insurance benefits cannot be claimed for an indefinite period.

Fifth, Aiyagari and McGrattan assume a completely closed economy. This may not be a
major problem for analysis of the United States, however, it is clearly not tenable for
Canada.   Open economy considerations are described in detail in Section 3.3.

A less serious problem is that transitional effects of changing the debt-to-GDP ratio are
not captured.   Typically, reducing the debt-to-GDP ratio leads to lower consumption
initially, followed by higher consumption in the long run.  However, the initial social
welfare effect of a given debt reduction may simply be a scaled-down version of the
steady-state social welfare effects, in which case transitional effects can be safely ignored
in determining the optimal debt-to-GDP ratio.
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3. Our Approach
Although the Aiyagari and McGrattan results should be viewed cautiously, their model is
nevertheless a very useful starting point.  Our approach is to modify their model where
possible in order to obtain more realistic results.  To this end we consider an alternative
fiscal rule, model the welfare benefits of government absorption, and introduce open
economy features.  The introduction of life cycle saving motives, transitional effects and
aggregate uncertainty is left for future work.  For tractability reasons, other models may
be required to deal with these issues.

3.1 Alternative Fiscal Dividend Rule
We initially maintain the assumption that government absorption is waste but introduce
an alternative fiscal dividend rule that shuts off the absorption channel described above.
We exogenize the levels of absorption and transfers and allow their respective ratios to
output to adjust freely rather than being held fixed as in Aiyagari and McGrattan .
Distorting income taxes now bear the full brunt of adjustment as the debt-to-GDP ratio is
varied.

Chart 4 shows that this rule dramatically alters the welfare profile. Improvements in the
net asset position are now beneficial well into the accumulated surplus zone, although
again less so than in the complete markets Dynamic Neoclassical General Equilibrium
Model (DNGEM) simulations.  The liquidity benefit channel is now overpowered by a
strong tax cost channel and the perverse absorption benefit channel has been shut off.

Chart 4: Original Aiyagari and McGrattan Model;
Original Versus All-Tax Fiscal Rule and DNGEM 
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The Aiyagari and McGrattan fiscal rule may actually be more realistic than a rule in
which the entire fiscal dividend goes to income tax cuts.  However, use of the Aiyagari
and McGrattan fiscal rule clearly requires modelling the welfare benefits of government
spending.

3.2 Introducing a Welfare Role for Government Spending
We assume that a portion ψ of government absorption is a perfect substitute for private
consumption. Absorption thus enters private agents’ utility functions as an exogenous
add-on to private consumption. The momentary utility function thus takes the form:

( ) ( )[ ]( )

( )µ
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µ
ηηη

−
+

=
−

−

1

1
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u tt

where ψ is the marginal rate of substitution between private and public consumption
goods, c is private consumption, G is government absorption per person, and l is leisure.
We simulate our model for ψ = 0.1 (low welfare role) and 0.4 (high welfare role), which
represents the range of admissible values calculated by Aschauer (1988).

Chart 5 shows that introducing a welfare role for government absorption raises the social
welfare cost of debt, although by much less than the adoption of the all-tax fiscal rule.
This follows by construction: the lower government spending associated with higher
steady-state debt now directly reduces welfare.

Chart 5: Original Model Versus Welfare Role for 
Government Absorption: Original Fiscal Rule
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3.3 Introducing Open Economy Features
We modify the Aiyagari and McGrattan model to an open economy version featuring
imperfect foreign-domestic asset substitutability resulting from home country asset
preference2.   Chart 6 demonstrates this case.   The combined domestic and foreign
demand for domestic assets is shown as the dotted curve (orange in the colour version).
The combined demand curve is flatter than the domestic demand curve (shown as the
solid curve alongside the combined demand curve, orange in the colour version) because
an increase in the domestic-foreign interest rate differential raises the foreign demand for
domestic assets.  It would be completely flat if one assumed perfect substitutability of
domestic and foreign assets.

Chart 7 shows that an increase in government debt raises the domestic interest rate, but
by less than in the closed economy case.  Net foreign indebtedness rises because the
interest rate increase is not large enough to motivate domestic agents to hold all of the
new supply of domestic assets. Total domestic asset holdings rise, as does domestic
liquidity, but this effect is weaker than in the closed economy case owing to the net
foreign indebtedness leakage.

The introduction of these open economy features thus weakens the liquidity benefit
channel of government debt.  The greater the openness of the economy, in the sense of a
higher substitutability of foreign and domestic assets, the weaker this channel will be.

Chart 6: Open Economy Equilibrium Under 
Incomplete Markets
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2 See Goulder and Eichengreen (1988), (1992) and James (1994).  Modelling details are provided in the
Appendix.
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Chart 7: Impact of Government Debt Increase in an 
Open Economy Under Incomplete Markets
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Chart 8 shows that, as expected, introducing open economy features raises the social
welfare cost of debt.  The cases in which a welfare role for government absorption are
also included, may be regarded as the most complete, and therefore our most realistic
cases.

Table 1 summarizes the simulation results by providing the steady-state social welfare
impacts of reducing the net debt-to-GDP ratio from 65 to 15 per cent under various
combinations of assumptions.  Under incomplete markets, the net cost of debt is highest
when the all-tax fiscal dividend rule is used, however even here the net cost is much less
than that obtained from the complete markets DNGEM model.
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Chart 8: Original Model Versus Open Economy Model 
(Canada); With and Without Welfare Role for 
Government Absorption; Original Fiscal Rule 
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Table 1: Steady-State Social Welfare Impacts of Reducing the Net Debt-to-GDP
Ratio From 65 to 15 Per Cent

Financial
Markets

Fiscal Dividend
Rule

Welfare Role
for Government
Spending

Open/Closed
Economy

Steady-State
Social Welfare
Impact

Proportionate
Changes in All
Taxes

9.20
Complete*

Transfers

Open
(Imperfect

Substitutability)

5.30

Government
Spending
Proportionate
to GDP; Taxes
Adjust
Residually

-0.06

Proportionate
Changes in All
Taxes

0.88

Transfers

None

-0.34

High 0.14

Low

Closed

0.0005

None 0.21

High 0.32

Incomplete**

Government
Spending
Proportionate
to GDP; Taxes
Adjust
Residually

Low

Open
(Imperfect

Substitutability)
0.24

* DNGEM Simulation   ** Aiyagari and McGrattan Original and Extended Model
Simulations
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4. Conclusions
Aiyagari and McGrattan have identified an important liquidity benefit channel for
government debt that should be considered in determining an appropriate long-term
benchmark.  However, their estimate that the optimal U.S. debt-to-GDP ratio is .66 is
premature.  This estimate is quite sensitive to their assumption that government
absorption is waste, the fiscal dividend rule they employ and the assumption of a closed
economy.

The results of our extended model imply that focussing fiscal dividends on the most
welfare-enhancing government spending or the most distorting taxes implies a higher
social welfare cost of government debt and a lower overall optimum debt-to-GDP ratio.
The results also show that increased openness of the economy (defined as substitutability
of domestic and foreign assets) implies a higher social welfare cost of government debt
and a lower overall optimum debt-to-GDP ratio.  While we do not test this directly, it is
apparent that a reduction in the ability of transfer programmes to insure individuals
against negative idiosyncratic shocks implies a lower social welfare cost of government
debt and a higher overall optimum debt-to-GDP ratio.

While the specific optima are quite sensitive to these assumptions, the model does
generate a qualitatively robust conclusion, namely, that the social welfare cost of
government debt is less under incomplete markets than under complete markets.  This
flatness of the social welfare profile is significant because it allows potentially greater
scope for other factors, such as the buffering role of debt in the determination of the
overall optima.

It would be useful to extend the Aiyagari and McGrattan model by adding a persistent
component to the idiosyncratic shocks faced by agents.  Panel data suggest that the
variance of the persistent component of individual-specific income shocks is twice as
large as that of the transitory component.  Persistent shocks are less insurable and more
likely to induce precautionary saving.  The presence of persistent shocks would increase
the liquidity-enhancing role of debt. Evidence from Storesletten, Telmer and Yaron
(1998) suggests that adding a persistent component to idiosyncratic shocks can have
important effects in incomplete markets models.

The nature of the relevant idiosyncratic shocks may also differ by income class.  Richer
people are more likely to be concerned with higher rates of return that high levels of
assets can command and with random capital gains. Poorer people, in contrast, are more
likely to be affected by government support policies that guarantee minimum
consumption levels and by changes in health and marital status. The quantitative
importance of any of these features on the precautionary motives to save of households
requires further investigation. Preliminary findings by Quadrini and Rios-Rull (1997)
indicate that including them allows for a better quantitative account of the savings
motives and hence, of the wealth differences across households.

Greater realism would be achieved by incorporating overlapping generations with finite-
lived agents. This would capture life-cycle saving motives and incomplete
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intergenerational altruism and increase the importance of the saving cost channel of debt.
It would also allow us to determine the implications for optimal debt of the demographic
structure of the population and of generationally redistributive programmes like the CPP.

The Aiyagari and McGrattan and enhanced incomplete markets models calculate steady-
state solutions only.  Since debt reduction also imposes transitional costs not captured by
the model, the steady-state and initial social welfare effects may differ.

No single framework or model will suffice in determining an optimal debt policy. The
extended AM model should be viewed as an important building block in broader work
addressing the optimal debt-to-GDP ratio issue.
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