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Abstract

How can we account for the observed long swings in the U.S. national debt? Should

fiscal policy be procyclical or countercyclical? We approach these questions within a rich

quantitative framework for time-consistent fiscal policy. We first show that the steady-state

debt dynamics are driven by the gap between the rate of time preference and the interest

rate. Then, we shall be concerned with two major fiscal transitions: a move to a permanent

low interest rate scenario and the prospect of an inevitable increase in mandatory spending.

Moreover, we explore the dynamic responses of taxation and public spending to short-run

productivity shocks and the political cycle. In our setting, fiscal policy is mostly procyclical.
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1 Introduction

In this paper we present a dynamic stochastic general equilibrium (DSGE) framework for
time-consistent fiscal policy; i.e., without government commitment. In this rather complex
environment, we show that the steady-state debt dynamics are driven by the gap between
the rate of time preference of the government and the interest rate.1 Broadly speaking, the
steady-state debt value would be positive if the rate of time preference is greater than the
given interest rate. Then, we study the economic effects of fiscal transitions upon permanent
changes in the interest rate and mandatory spending, which bear on the current state of
the U.S. debt. Our theoretical results will guide our quantitative study of the steady-state
dynamics. The U.S. national debt has been rapidly growing, and it is 20 percent greater
than GDP. Current estimates by the Congressional Budget Office (2024) are very concerning:
mounting budget deficits over the next few decades project a debt-to-GDP ratio close to 180
percent. The economic implications of these upward shifts in debt levels can be overbearing,
and may be hardly grasped by current economic models.2 Therefore, one pressing issue is
long-term fiscal sustainability: how U.S. fiscal policy should respond to the expected rising of
mandatory spending attached to social security and major health programs. Concurrently,
another dimension of the analysis has become quite relevant in present times: the estimated
optimal size of the national debt—and the inter-temporal substitution effects on taxation
and public spending—upon secular changes in the interest rate. This interest rate channel is
usually neglected in traditional theories of optimal taxation primarily focusing on economic
growth, factor allocation, and the associated deadweight losses.

Moreover, in traditional Keynesian theory the primary role of fiscal policy is to stabi-
lize the economy. Hence, fiscal policy is expected to be countercyclical.3 Paradoxically,
taxation in advanced economies tends to be acyclical, and taxation in emerging economies
tends to be highly procyclical. Government spending is mostly countercyclical in advanced
economies and procyclical in emerging economies; e.g., see Cuadra, Sanchez, and Sapriza
(2010), Kaminsky, Reinhart, and Vegh (2004), and Vegh and Vuletin (2015). In contribut-
ing to this discussion, we identify various scenarios for procyclical and countercyclical fiscal
policies. We study the optimal responses of taxation and public spending over the business
cycle. Procyclical taxation may be primarily justified on the grounds of production efficiency,

1Barro (1979) (p. 940) starts with the following clarifying statement: “In any event, proponents of
the Ricardian view that the choice between debt and taxes does not matter are left with an embarrassing
absence of a theory of public debt creation. However, opponents of the Ricardian view seem also to lack
an interesting positive theory of the public debt.” Alesina and Tabellini (1990) propose a politico-economic
theory of government debt overaccumulation. These latter authors are mainly concerned with the deficit
bias from political turnover—rather than with general conditions under which the sovereign may desire to
issue long-term debt.

2We will refer to models of intergenerational distribution along the lines of Diamond (1965), models of
optimal taxation along the lines of Lucas and Stokey (1983), and models of political economy [cf., Alesina
and Passalacqua (2016)].

3Taxation is said to be countercyclical (procyclical) if the average tax rate is positively (negatively)
correlated with output. Government spending is said to be countercyclical (procyclical) if the share of
government spending is negatively (positively) correlated with output.

2



and procyclical public spending on risk sharing.
The literature on dynamic equilibrium properties of fiscal policy just offers a collection

of scattered results—without firm attempts at systematization. This precludes the advance-
ment of micro-founded theories for the management of the public debt. In our analysis the
following elements are called into play: time-consistent policy, productivity shocks, physical
capital accumulation and elastic labor supply, endogenous taxation and government spend-
ing, internal and external public debt, and political cycles. We will therefore touch on various
aspects of fiscal policy and the public debt.4 We will abstract from monetary and financial
matters, although some monetary policy issues will come up in the discussion of our results.
There is a vast literature on Ramsey taxation, but only a scant number of papers openly
explore long-term and cyclical properties of fiscal policy without government commitment in
a DSGE framework. Chari, Christiano, and Kehoe (1994) consider a business cycle model of
Ramsey taxation and state-contingent public debt. The expected tax rate on capital income
is essentially zero in every period, and the labor income tax rate is roughly constant over the
business cycle. Feng (2015) computes sequential equilibria in a model of fiscal policy with no
public debt. The capital income tax rate is mildly procyclical, and the labor income tax rate
is mildly countercyclical. Debortoli and Nunes (2013), Klein, Krusell, and Rios-Rull (2008),
and Ortigueira and Pereira (2021) examine and compare optimal debt and tax policies in
models with and without government commitment. Such models arise naturally to assess
the impact of political cycles on fiscal policy [e.g., Alesina and Passalacqua (2016)].

Inspired by these various branches of the literature, we build a DSGE model to eval-
uate the determinants of the national debt—long-term trends and cyclical patterns. We
propose to blend optimal taxation and spending over the business cycle without government
commitment with the political economy of government debt. Two office-seeking political
parties with different preferences over tax and public spending may alternate in power. This
electoral switch is embedded in a standard business cycle growth setting augmented with
fiscal policy and government debt. The elected party would choose recursively optimal fiscal
policy actions—debt policy, income taxation, and government expenditure for the public
good—subject to a sequence of inter-temporal budget constraints. This unified framework
complements several other macroeconomic models on the management of the public debt
and stabilizing fiscal policies. The numerical simulation of these economies can be a daunt-
ing task. Our computational work follows a previous paper [Feng and Santos (2022)] and is
based upon some analytical results for the existence and numerical solution of time-consistent

4All these channels—enhancing the role of the national debt—are well too familiar but missing in some
other models. There are long- and short-run trade-offs in the these policy choices transpiring from our
theoretical results and quantitative analysis. In the long-run, there is the sustainability of the public debt:
the benefits of issuing debt should be compared with the burden of taxation to pay for the service of the debt
and mandatory spending. Moreover, the government’s ability to borrow will determine the time-profile for
public spending based on the interest rate and inter-temporal substitution for consumption and investment.
We should note that under time-consistent fiscal policy, there could be less variation in income taxation.
Upon a permanent change in the interest rate, the debt may jump—resulting in front-loaded public spending.
For temporary shocks, the debt may smooth tax distortions and unexpected changes in public spending. In
turn, taxation and public spending will react to productivity shocks in coping with supply-side effects and
risk sharing, respectively.
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government policies.
In DSGE models with time-consistent fiscal policy, the mechanisms underlying the dy-

namics of resource allocation—together with their welfare properties—have not been clearly
spelt out. The steady-state and transitional dynamics are poorly understood; cf. Debortoli
and Nunes (2013). Remarkably, we are able to isolate some simple steady-state patterns,
which should prove useful in the study of the long-term dynamics of the public debt. Several
recent papers [Acharya and Dogra (2021) and Cao, Gaspar, and Peralta-Alva (2024)] appeal
to the overlapping-generations framework to highlight the negative effects of high public
debt levels on the crowding out of private investment and the debt burden passed on to fu-
ture generations. These rather simplified models lack a government sector with endogenous
taxation and public spending, and hence are not well suited to evaluate the determinants of
the public debt. Similarly, government debt plays a passive role in most models of optimal
taxation [Lucas and Stokey (1983)] preserving economic efficiency and minimizing welfare
losses from tax distortions. Essentially, these latter models assume exogenous government
spending, and may display a continuum of steady states. Besides, the politico-economic
literature has claimed that myopic preferences and political cycles may lead to overaccumu-
lation of the public debt; e.g., Alesina and Passalacqua (2016) and Wyplosz (2012). Such
claims5 are not validated in our general setting of time-consistent fiscal policy. As discussed
below, political turnover may nevertheless matter for cyclical properties of fiscal policy.

Interest rates have gone down and became less volatile since 1980. This has prompted
new approaches to debt sustainability, fiscal rules, and government deficits [Angeletos, Lian,
and Wolf (2024), Barro (2023), Blanchard (2019), Mehrotra and Sergeyev (2021), Mian,
Straub, and Sufi (2022), and Reis (2021)]. Broadly speaking, these papers contend that
in a low interest rate environment, governments can sustain larger long-term debt-to-GDP
ratios with minimal fiscal impact—particularly if the interest rate, r, is less than the GDP-
growth rate, g. With moderate interest rate risk, debt rollovers would be feasible if the
condition r < g generally holds. Building upon this recent research (cf., op. cit), we
develop a tractable, comprehensive analysis for time-consistent fiscal policy to address some
critical gaps in previous studies—moving beyond traditional backward-looking methods on
the public debt. We show that two key parameters drive the steady-state debt dynamics:
the rate of time preference, ϱ, and the real interest rate, r. For the simplest case of external
debt with a fixed interest rate, we isolate two distinct regions. If ϱ > r, then the mean
steady-state debt level is positive and public spending will converge to the stated amount of
mandatory spending. Hence, taxation will eventually pay for mandatory spending and to
service the debt rollover. And if ϱ < r, then the mean steady-state debt level will just hover
around zero, and hence taxation will be geared to pay for public spending.6 We present

5Alesina and Passalacqua (2016) start with the following claim: “This paper critically reviews the liter-
ature which explains why and under which circumstances governments accumulate more debt than it would
be consistent with the prescriptions of optimal fiscal policy.” Wyplosz (2012) starts with a similar argument:
“Fiscal indiscipline is a feature of many developed countries. It is generally accepted that the source of the
phenomenon lies in the common pool problem, the fact that recipients of public spending do fail to fully
internalize the costs that taxpayers must assume of the public debt.”

6The gap between ϱ and r characterizes the time-profile of public spending and taxation, and hence the
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below several extensions of these basic results—including optimal responses to interest rate
shocks and government spending shocks from economic crises and associated rare events.

We shall be concerned with two major fiscal transitions: a move to a permanent low
interest rate scenario and the prospect of an inevitable increase in mandatory spending. A
permanent interest rate cut sets off a sudden increase in the debt stock. Public spending
goes up initially; then, following the interest rate channel through the Euler equation its
growth rate is driven by r − ϱ. The debt jump is commensurate with the interest rate so
that in the new steady state the debt service may remain constant. Accordingly, taxation
and public spending may only change in the transition but may come back to their steady-
state values. In sum, a permanent interest rate cut will stimulate front-loaded government
spending (including public investment) followed by a debt rollover. In a scenario of time-
consistent fiscal policy, long-term taxation, public spending, and the debt service may retain
the same previous values. Obviously, this fiscal transition to a lower interest rate environment
must face the challenge of unexpected interest rate shocks at future dates—to be addressed
in our structural economic model. Conversely, an expected increase in future mandatory
spending will call for a lowering of the national debt and an increase in taxation.

Regarding cyclical properties of fiscal policy, in our baseline economies (without political
turnover) taxation becomes procyclical as we consider the supply-side responses of capital
and labor, and government spending becomes procyclical as we consider consumption risk
sharing, the sustainability of the public debt, and the manipulation of the bond price. The
tax rate is strongly negatively correlated with output under both external debt and internal
debt,7 but it is more volatile in the economy with external debt, while government spending
is positively correlated with output and its volatility is quite similar in both debt scenar-
ios. Government spending can nevertheless become countercyclical as we consider the added
impact of political cycles and other structural shocks to the economy. A political tax cycle
adds substantially more volatility to economic aggregates. A political cycle in government
spending adds much less volatility to the economy in both debt scenarios. Taxation uncer-
tainty in capital returns and labor income can be welfare improving for both internal and
external debt; cf., Bizer and Judd (1989).

Of course, our general approach comes with some challenges besides the aforementioned
task of computation of the equilibrium dynamics. First, both taxes and government spending
change quite infrequently [Vegh and Vuletin (2015)], and tend to vary mostly at the begin-
ning of a political cycle. Hence, our numerical exercises below should be viewed partly as
normative and partly as positive. We also abstract from the automatic stabilizers embedded
in the year-after-year public budget and related discretionary policies which may dampen
fluctuations in economic activity. In general, these built-in systems for tax-and-tranfser poli-

time-structure of the national debt. This turning point—signing the steady-state debt value—rests on solid
economic principles, which may apply to other complex settings.

7Diamond (1965) also considers both debt scenarios, and points at some further differences between
external and internal debt. In some circumstances, U.S. debt held by the Fed may accord to external debt
in our model, but this interpretation may not be so adequate for some other countries. Borrowing from
international institutions could be another instance of external debt. In Section 2 below we show that
interest rates for advanced economies appear to be exogenously determined by global trends.
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cies are considered to be rather small but more pronounced in recent times [cf. Fatas and
Ilian (2012) and McKay and Reis (2016)].

Second, we want to study cyclical properties of fiscal policy based on plausible dynamics
for the sustainability of the public debt. As already pointed out, we present two alternative
scenarios: external and internal debt. The external debt, open economy framework could
be a reasonable approximation for those developed economies with good access to external
financing and small risk premia. The internal debt, closed economy framework would be
more adequate for borrowing under more sensitive interest rates, and where the manipulation
of the bond price could become a most relevant economic issue affecting saving decisions.
Therefore, under internal debt we should expect output, public and private consumption,
and the tax rate, to be less volatile.

And third, we provide an empirical analysis of the political cycle which will prove use-
ful for the calibration of the model below to decompose the sources of variation of fiscal
policy. We add an empirically tested friction: a strong correlation between political color
and fiscal policy. We have compiled a database for a broad selection of advanced economies
with stable two-party systems or historically well-defined coalitions. We also include some
developing and highly indebted countries with democratic elections and alternating parties.
Our extensive empirical analysis reveals the existence of a political cycle for some of these
countries—particularly in terms of overall taxation and government spending.

The paper is organized as follows. Section 2 presents brief empirical overviews of long-
term public debt dynamics, cyclical properties of fiscal policy, and the political cycle. Section
3 lays out the model environment and goes over the political equilibrium concept and steady-
state debt dynamics. Section 4 is devoted to the calibration of the model. We contemplate
several economic scenarios intended to replicate long-term trends in U.S. fiscal policy. Section
5 studies cyclical properties of the benchmark economy with external debt, while Section
6 pursues a parallel study with internal debt. Finally, Section 7 concludes the paper. The
Appendix collects data sources, and goes over further empirical evidence.

2 Empirics of Fiscal Policy: Long-Term Trends and

Cyclical Fluctuations

Our work in this section will provide some further guidance for the calibration and quantita-
tive analysis of our politico-economic model below. We first review some long-term trends in
fiscal policy. We then try to assess the interplay between fiscal outcomes and political cycles.
The correlation between the political party in power and fiscal policy is most evident for the
U.S. economy, and becomes rather tenuous for developing and highly indebted economies.
There are no systematic results of cyclical properties for time-consistent fiscal policy in a
DSGE framework. Therefore, it is essential to recognize that the transmission channels of
fiscal policy deserve further scrutiny, since most empirical findings may not be completely
generalizable or conclusive. The literature suggests that institutional factors, access to credit
markets, and the structure of the economy may contribute to the cross-country differences in
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the cyclicality of fiscal policies. The quantitative importance of these transmission channels
is still an open question, and may be country-specific.

2.1 The National Debt, Public Spending, and the Interest Rate

Figure 1 offers a broad overview of U.S. fiscal policy after World War II (WWII). These panels
display the average tax rate (measured as total tax revenue relative to GDP), the ratio of
public spending to GDP, the nominal interest rate for the ten-year government bond, and
the public debt-to-GDP ratio. Shaded areas indicate periods of Democratic Presidency.

Perhaps, the most salient feature observed in Figure 1 is the U-shaped trajectory reflecting
the evolution of the debt-to-GDP ratio—together with the inverted U-shaped trajectory
for the nominal interest rate. Notably, the U.S. ten-year indexed bond yield dropped by
over 10 percentage points between 1980 and 2020, despite soaring debt levels. Moreover,
public spending went down in this second subperiod starting in the 1980s. Certainly, public
spending has been marked by various episodes and presidential political achievements; e.g.,
the Cold War, the creation of the Medicare and Medicaid systems in the 1960s, and the
supply-side economics of President Reagan in the early 1980s. More recently, substantial
increases in the public debt-to-GDP ratio are particularly evident during the Great Recession
and the Covid-19 pandemic. Nonetheless, these developments are dwarfed by recent CBO
projections forecasting an unprecedented rising of U.S. government entitlements and a debt
burden of approximately 180% of GDP by 2050. Such estimates far exceed previous historical
peaks—raising questions about long-term fiscal sustainability.

Interestingly, the U-shaped evolution of the debt-to-GDP ratio—bottoming out in the
1980s—is not unique to the U.S. economy. Figures 2 and 3 demonstrate similar trends for
the U.K. and a selected sample of OECD countries (Canada, Denmark, France, Germany,
the Netherlands, and Spain). The U.K. debt-to-GDP ratio and interest rate closely mirror
those of the U.S., but trend changes in the shares of taxation and public spending become
less noticeable. For the selected OECD nations (some of them monitored by the European
Commission under the prescriptions of the Maastricht treaty), we just report overall mean
values over the given aggregates. Again, these panels reveal similar patterns for the public
debt and the interest rate for these OECD countries, while the share of public spending has
been gradually increasing.

Figure 4 provides a more nuanced view of interest rate trends by presenting real interest
rates, calculated as nominal interest rates minus the ten-year moving average inflation rate
centered at the reported date, adjusted for the real GDP growth rate. This chart further
emphasizes the declining trend in interest rates and the reduction in interest rate volatility,
particularly in recent decades.

All this evidence suggests that observed trends in fiscal aggregates and interest rates
may be driven by global economic factors rather than country-specific policies. Certainly,
the above observed changes in the interest rate and shocks in public spending indicate
various scenarios for the model’s numerical simulations. It may be worth mentioning that
some traditional models of fiscal policy have focused on the long-term effects of taxation
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on economic growth, resource allocation, and welfare [Lucas (1990), Jones, Manuelli, and
Rossi (1993), Stokey and Rebelo (1995)], but abstract from public spending and the national
debt. In our quantitative experiments below (Section 4) we try to account for these observed
patterns in the national debt in a framework of time-consistent fiscal policy.

Figure 1: Evolution of U.S. Fiscal Policy: 1950-2019.
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Notes: Shares of total tax revenues and government spending, the nominal interest rate for
the ten-year government bond, and the debt-to-GDP ratio. See the Appendix for definitions
and data sources. Quarterly data. Shaded areas indicate periods of Democratic Presidency.
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Figure 2: Evolution of U.K. Fiscal Policy: 1950-2019.
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Notes: Shares of total tax revenues and government spending, the nominal interest rate for
the ten-year government bond, and the debt-to-GDP ratio. See the Appendix for definitions
and data sources. Annual data. Shaded areas indicate periods of left-wing governance.
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Figure 3: Evolution of OECD Fiscal Policy: 1950-2019.
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Figure 4: Real Interest Rates Adjusted by Annual Rate of GDP Growth: 1950-2019.
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and the mean value for a selected group of OECD countries. See the Appendix for definitions
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2.2 Fiscal Policy over the Business Cycle

Figure 5 illustrates the correlations between the cyclical component of taxation and real
GDP for a diverse set of countries. These cyclical components were extracted using the
Hodrick-Prescott filter. Our analysis reveals that for a majority of the countries in the
sample, the average tax rate exhibits a slightly negative correlation with real GDP. This
finding suggests a mild procyclical pattern in tax policy: during economic expansions, when
real GDP is growing, the average tax rate tends to decrease slightly, while during economic
contractions, it tends to increase. This rather acyclical pattern of the tax system in advanced
economies could be attributed to tax inertia leading to the conclusion that production shocks
and sudden output losses in these economies may be accommodated through the national
debt. Obviously, it is sometimes hard for fiscal authorities to anticipate the evolution of the
business cycle. As illustrated in some computations below in the Appendix, when the issue
of revenue collection becomes pressing, fiscal policy can be procyclical.

Figure 6 shows that in nearly all countries analyzed, government spending exhibits strong
countercyclical behavior. Countercyclical spending is a hallmark of stabilization-oriented fis-
cal policy, where governments act in opposition to the current economic trend to smooth
out economic fluctuations. During recessions, governments often increase spending and ac-
cumulate debt to stimulate aggregate demand, resulting in higher debt-to-GDP ratios and
increased government spending relative to GDP. Conversely, during expansions, governments
tend to reduce spending and focus on debt reduction as a proportion of GDP, as the economy
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requires less fiscal support.
These findings align with and extend the work of Vegh and Vuletin (2015), revealing

distinct patterns in the cyclicality of fiscal policy between advanced and emerging economies.
Table 1 provides a detailed breakdown of the cyclicality of different spending categories,
further supporting the observation of a solid evidence between public spending and GDP
in some selected developed countries; i.e., the U.S., the U.K., Canada, France, and Spain.
This correlation becomes more tenuous or strongly negative as we introduce some developing
countries. Advanced economies, with their well-established social safety nets, appear better
equipped to implement countercyclical fiscal policies. In contrast, emerging economies may
face greater challenges in maintaining countercyclical fiscal stances, potentially exacerbating
rather than mitigating economic volatility.

While this research provides valuable insights into the cyclicality of government spending
in advanced and emerging economies, most empirical findings may not be completely gen-
eralizable or conclusive. In our model, procyclical fiscal policy arises from considerations of
supply-side effects and risk sharing. The literature suggests that institutional factors, access
to credit markets, and the structure of the economy may also contribute to the differences in
the cyclicality of government spending. Frankel (2012) argues that countries may gradually
transition towards counter-cyclical spending due to improved institutional quality, better
access to credit markets, and the adoption of fiscal rules. Alesina, Campante, and Tabellini
(2008) suggest that voters in these countries may demand higher spending during booms,
and governments comply to maximize their chances of reelection. There is also an extensive
literature for automatic stabilizers. McKay and Reis (2016) argue that in the U.S., these
built-in-systems for tax-and-transfer policies are rather small.

Figure 5: Correlation Coefficients between Tax Revenues and Real GDP: 1950-2019.

Notes: See the Appendix for definitions and data sources. Annual data.
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Table 1: Correlation Coefficients between Public Spending and Real GDP: 1980-2019.

Country G
Y

surplus
Y

social security
Y

health
Y

interest
Y

military
Y

income security
Y

transfer
Y

public investment
Y

US -0.40 0.64 -0.76 -0.49 0.16 -0.10 -0.71 -0.83 -0.18
UK -0.73 0.44 -0.91 0.41 -0.61 -0.72 -0.64

Canada -0.79 0.71 -0.72 -0.92 -0.44 -0.82
France -0.86 0.68 -0.86 -0.76 -0.84
Spain -0.33 0.30 -0.36 0.04

Uruguay -0.03 0.001 -0.23 -0.57 0.005 -0.27
Argentina 0.28 0.29 -0.07
Portugal 0.55 -0.31 -0.17 -0.01
Mexico -0.38 -0.35 -0.46
China -0.01 0.12 -0.77 -0.64 -0.05

Notes: See Appendix for definitions and data sources. Annual data.

Figure 6: Correlation Coefficients between Public Spending and Real GDP: 1950-2019.

Notes: See the Appendix for definitions and data sources. Annual data.

2.3 The U.S. Political Cycle

Many advanced economies are based on democratic ruling systems dominated by two ma-
jor political parties or distinct coalitions. Since 1852, either the Democratic Party or the
Republican Party have won every U.S. presidential election and ruled the Congress. Our
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purpose now is to explore the effects of political turnover on the conduct of fiscal policy.8

We have selected a group of advanced economies with stable two-party systems and histor-
ically well-defined coalitions, as well as reliable long-time macroeconomic and fiscal data.
To further investigate the influence of the electoral switch in power on the conduct of fiscal
policy, we also include some highly indebted countries with democratic elections and alter-
nating parties: Costa Rica, Jamaica, Philippines, and Uruguay. This empirical analysis of
the political cycle will prove useful for the calibration of our model below to decompose the
sources of variation of fiscal policy. The Appendix goes over the relevance of the political
cycle in all other countries in our selected dataset. We categorize these economies based on
their political systems.

U.S. Presidents and Fiscal Policy The U.S. electoral politics have been dominated
by the Democratic and Republican parties shortly after the founding of the Republic. The
Democrats have been the left-of-center party since the New Deal, while the Republicans
are now considered the right-of-center party. Nearly 70% of taxes levied in the U.S. are
collected at the federal level. Changes to the tax system have mostly been initiated by the
President—often triggered by shocks to the aggregate economy such as the Civil War, the
two World Wars, the Great Depression, the Great Recession, and the Covid-19 pandemic.

U.S. Presidents have broad power to pursue policy objectives, including tax policy,
through executive action, based on their political and economic principles and partisan
support. As a general rule, the President should be allowed to carry out his political agenda
underlying his election campaign. Thus, the President can submit legislative proposals to
Congress and use his “bully pulpit” to put pressure on Congress for action; e.g., see Hemel
(2017). The President can issue executive orders and presidential memoranda directing exec-
utive branch officials to take specific actions, or by exercising power over executive agencies
through a formal process of “presidential review” of proposed regulations. The Constitu-
tion’s Appointments Clause requires all principal executive officers to be appointed by the
President, allowing the President to choose agency heads sharing his policy preferences. The
President may fire any Cabinet secretary at will, and executive officers who disobey his
commands.

Some Empirical Regularities on the U.S. Political Cycle We focus on the time pe-
riod between 1980 and 2019. The U.S. tax system went through several significant reforms
till President Reagan. Some important welfare programs (Social Security, Medicare, and
Medicaid) experienced substantial changes in the 1960s and 1970s, and the Covid-19 pan-
demic resulted in massive fiscal stimulus plans in 2020. In the Appendix we go over more
granular information to support these findings over the same period 1980-2019.

8Muller, Storesletten, and Zilibotti (2016) consider a political economy model of intergenerational re-
distribution. Every generation lives for two periods. Left-leaning voters have more intense preferences for
public spending, and advocate for higher taxation and lower government debt. These authors look at the
influence of political color on public debt levels in a sample of OECD countries. Instead, we focus on the
evolution of overall tax revenues and public spending.
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The above Figure 1 illustrates discernible time trends in tax revenues and public spending.
To accommodate time shifts and pursue a statistically more accurate analysis, we initially
de-trend all level variables. Moreover, our estimates can also be purged by the potential
influence of changing macroeconomic conditions on government expenditure and taxation.
Therefore, we propose the following regression analysis:

yt = ζ0 + ζ1 ·Demt + ζ2 ·Xt + ϵt (1)

where yt denotes the period t value of the fiscal variable such as the share of taxation and total
government expenditure. Demt is a dummy variable for party affiliation, and equals 1 for
a Democratic President. Furthermore, we also introduce the lagged value of the president’s
party affiliation, Dem(t−lag). This framework embeds potential delayed impacts of fiscal
policy changes,9 reflecting a possible back-loading of taxation and spending.

Vector Xt includes a range of control variables. It incorporates dummy variables for a
Democratic congressional majority and senate majority, since the legislative branch plays a
substantial role in shaping fiscal policy. Although the President may propose the budget,
it’s ultimately up to Congress to approve it—as well as to modify and reject it. Therefore,
the party controlling the Congress or the Senate can significantly sway fiscal outcomes. A
dummy variable is also added for major military conflicts since defense spending can surge,
potentially masking the impact of political color on fiscal variables.

To condition for the cyclical nature of economic policy, vector Xt also includes the in-
flation rate, the unemployment rate, Total Factor Productivity (TFP), and time periods for
recessions, as independent variables. Indeed, fiscal variables often oscillate in response to
the economy’s ebb and flow, from periods of expansion (economic growth) to contraction
(recession). We also incorporate the debt-to-GDP ratio as an explanatory variable. This
is in recognition of the potential constraints that a higher debt burden might place on the
government’s capacity to enact adjustments in fiscal policy.

Table 2 reports our findings. The coefficient ζ1 picks up the influence of the political
affiliation of the President on specific fiscal variables. After taking the oath of office, a Demo-
cratic President brings in a 0.53% decline (as a percentage of total GDP) in total government
spending and a 0.64% increase (as a percentage of total GDP) in total tax receipts. Both
correlations are statistically significant, leading to the observation that Democratic Presi-
dents tend to manage smaller primary deficits, averaging around 0.32% of the total GDP.
Paradoxically, the debt-to-GDP ratios appear to be considerably higher in a Democratic
Presidency. In the Appendix, we extend this regression analysis to include various compo-
nents of public expenditure and taxation such as defense spending, government investment,
transfers, as well as consumption, and capital and labor income taxes. Democratic Presidents
consistently are more likely to reduce expenditure on defense and public investment, while

9The Economic Growth and Tax Relief Reconciliation Act of 2001, often referred to as the “Bush tax
cuts,” is one prominent example of tax reductions being gradually phased in. This legislation, signed into
law by President George W. Bush, planned for a series of tax reductions that were not immediately fully
effective. The income tax rate fell incrementally every year until it reached its new lowest level in 2006.
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they are less prone to change government transfers and health expenditure. Additionally,
they seem to favor higher taxes on consumption, and capital and labor income.

Table 2: Political Color and U.S. Fiscal Policy: 1980-2019.

Lag Variables Coefficient ζ1 t-value
Total government spending / GDP -0.53 -6.94

0 Total tax receipts/ GDP 0.64 5.22
Surplus or Deficit / GDP 0.32 2.42

Public debt / GDP 7.50 5.99
Total government spending / GDP -0.60 -7.85

1 Total tax receipts/ GDP 0.91 7.58
Surplus or Deficit / GDP 0.39 2.84

Public debt / GDP 7.66 5.70
Total government spending / GDP -0.73 -6.27

2 Total tax receipts / GDP 1.08 5.90
Surplus or Deficit / GDP 0.56 2.78

Public debt / GDP 11.85 6.09
Total government spending / GDP -0.66 -7.44

3 Total tax receipts / GDP 0.32 2.02
Surplus or Deficit / GDP 0.30 1.85

Public debt / GDP 5.88 3.15
Total government spending / GDP -0.49 -5.47

4 Total tax receipts / GDP -0.27 -1.75
Surplus or Deficit / GDP 0.17 1.05

Public debt / GDP 1.56 0.78

Notes: All regressions control for congressional majority, senate majority, military conflicts,
debt-to-GDP ratio, inflation, unemployment, and TFP growth. Quarterly data. See Ap-
pendix for definitions and data sources.

These findings consistently hold up when considering the lagged value ofDem(t−lag), up to
a lag of three years. Dem(t−lag) is intended to pick up the impact of a Democratic Presidency
from lag years ago on current fiscal policies. Since it’s uncommon for political parties
to hold power for over two consecutive terms (or eight years), the value of the coefficient
ζ1 progressively becomes opposed to the contemporaneous effect of the political affiliation
of the President on fiscal variables. This is further illustrated in the Appendix, where
we also broaden this analysis to encompass a diverse set of nations with stable two-party
systems or historically well-established coalitions in our selected data sample, all of which run
democratic elections and witness alternations between ruling parties. Here, we just provide
a summary of our findings.

Summary of our Empirical Work on the Political Cycle Our extensive empirical
analysis reveals a strong correlation between the political party in power and fiscal policy,
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specifically in terms of tax rates and government spending over total income. This correlation
varies in magnitude depending on country-specific characteristics.

• The U.S. has a well-defined, statistically significant political cycle: A Democratic
President will increase taxation while reducing general public spending. Taxation in-
creases are observed in consumption and capital and labor income, and the top income
marginal rate. Spending goes down in defense and public investment, and does not in-
crease as fast in health and medicare spending. Transfers remain basically unchanged.

• Some other advanced economies (but not all) show statistically significant political
cycles in either taxation or spending. In several countries, the political cycle will mirror
the U.S. pattern: the left-leaning party will increase overall taxation and decrease
public spending. But it is not uncommon to observe political cycles in which the left-
leaning party may increase both overall taxation and public spending. Besides, some
left-leaning governments have demonstrated preferences for decreased taxation. Since
these patterns in taxation and spending are quite dissimilar, the political cycle may be
hard to identify in cross-country regressions. Moreover, these unequal political cycles
may impact the cyclicality of fiscal policy.

• Political cycles are less common in developing and highly indebted economies, possibly
because of pressing institutional and economic constraints.

3 The Politico-Economic Model with External Debt

A continuum of identical households populate the economy. The representative household
starts the economy with k0 units of physical capital and b0 units of the government bond. At
every date t = 0, 1, · · · , the household can supply up to one unit of labor, lt. The production
sector rents capital, Kt, and labor, Lt, from households under a constant-returns-to-scale
production technology, Yt = At ·F (Kt, Lt), where At is a stochastic process representing total
factor productivity (TFP). The production sector maximizes profits, ΠY,t = At ·F (Kt, Lt)−
rt · Kt − wt · Lt at every t. (All prices are relative to the final production good.) Hence,
at an interior solution factor prices equal their respective marginal productivities, rt =
At · FK(Kt, Lt), and wt = At · FL(Kt, Lt), where FK and FL are the partial derivatives of
F with respect to K and L. Physical capital is subject to a constant depreciation factor,
0 < δ < 1.

The sovereign taxes income at a flat rate, τt, to finance public consumption, Gt, and can
borrow a one-period bond Bt+1 from international creditors at price q̃t. The international
lending market is perfectly competitive. For simplicity we assume a constant interest rate,
r̃ > 0, at all times. Foreign creditors are risk neutral and maximize expected profits, Πf,t =
Et[Bt+1]

1+r̃
−q̃t ·Bt+1; hence, in equilibrium the following no-arbitrage condition must be satisfied:

q̃t =
1

1 + r̃
. (2)
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3.1 The Representative Household

For a given sequence of taxes and public consumption {τt, Gt}∞t=0 and factor prices {rt, wt}∞t=0,
the representative household chooses an optimal plan for private consumption, hours worked,
and capital investment, {ct, lt, it}∞t=0 , to maximize the inter-temporal utility function:

E0

{
∞∑
t=0

βt · [U (ct, Gt)− h(lt)]

}
(3)

subject to the income and resource constraints:

ΠY,t + (1− τt) · [(rt − δ) · kt + wt · lt] + δ · kt ≥ ct + it (4)

it + (1− δ) · kt ≥ kt+1 (5)

kt+1 ≥ 0 (6)

for initial k0. Here, E0 is the expectations operator at time t = 0, and 0 < β < 1 is the
constant discount factor.

One-period utility functions U and h will satisfy standard regularity conditions10 over
ct ≥ 0, 0 ≤ lt ≤ 1, and Gt ≥ 0. The optimal behavior of the household can be characterized
by the first-order conditions:

Uct = β · Et

{
[1 + (1− τt+1) · (rt+1 − δ)] · Uct+1

}
(7)

(1− τt) · wt · Uct = hlt (8)

where Uct , Uct+1 , are the partial derivatives of U with respect to private consumption, c, at
times t and t+ 1, and hlt is the marginal disutility of labor, l.

3.2 The Political Cycle

There are two office-seeking political parties, θP ∈ {D,R}, which differ in their preferences
over tax and public spending. This preference switch is captured parsimoniously by the
additional terms λτ

(
θP
)
· log(1+ τt), and λG

(
θP
)
· log (Gt). While τt and Gt are endogenous

equilibrium variables chosen by the incumbent party, the weights λτ
(
θP
)
, λG

(
θP
)
measure

their differential taste over taxation and public spending.
Let χ denote the years the incumbent party is in office. The election happens every te

years. Hence, the incumbent party will remain in power for χ mod te ̸= 0. In an election

10More specifically, these functions will be supposed to satisfy typical monotonicity, concavity, and dif-
ferentiability conditions. In some cases, we need ct > 0, and Gt > 0, for all t ≥ 0. For convenience we also
assume 0 < lt < 1.
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year where χ mod te = 0, the party has a probability of πj to win re-election. Here, the
floor division j = ⌊χt

te
⌋ represents the number of terms the incumbent party has served.

Furthermore, we consider that the winning probability πj may decrease with j. The law of
motion for θP and χ are given as follows:

P
(
θPt+1 = θPt |θPt

)
=

1, χ mod te ̸= 0

πj, χ mod te = 0

χt+1 =

χt + 1, θPt+1 = θPt

1, θPt+1 ̸= θPt

where j = ⌊χt

te
⌋. The sovereign or ruling party is benevolent in the sense that it seeks to

maximize the household’s lifetime utility (3) net of the disutility from taxation and public
spending, and subject to the one-period budget constraint:

Gt +Bt ≤ qt ·Bt+1 + Tt (9)

for tax revenues, Tt = τt · (rt − δ) ·Kt + τt · wt · Lt

Endogenous Sustainable Debt Limits For each t ≥ 0, the maximum sustainable debt
a government can incur is determined by the highest sum of the discounted present values
of all feasible future primary surpluses:

B̄t = supEt

{
∞∑
s=0

(
s∏

j=0

qj

)
· {τt+s · [(rt+s − δ) ·Kt+s + wt+s · lt+s]−Gt+s}

}
(10)

where prices qj are defined from (2). This debt ceiling is intrinsically tied to the primary
surplus stream that can be achieved by future government tax revenues under zero public
consumption. The computational approach for this endogenous set, Ω, is derived from the
methodology established in Feng and Santos (2022) and Feng, Han, and Zhu (2023).

3.3 Markov Perfect Equilibrium

Our economy can be thought of as a sequential game with infinite planning entities, who
are not obliged to honor fiscal commitments inherited from the past.11 At every state
µt =

{
At, Kt, Bt, θ

P
t , χt

}
the current government moves first, and announces a policy plan

for taxes, public spending, and debt issuance. Then, the private sector follows upon current
policies, and guesses a future time-invariant policy. For notational convenience, we drop the
time subscript t whenever possible; x+ will denote the next future value of variable x.

11See our previous paper Feng and Santos (2022) for a more comprehensive discussion of existence of a
Markov Perfect Equilibrium.
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In equilibrium factor markets must clear at all times t ≥ 0, and output produced, Yt,
must make for private consumption, ct, investment, it, public consumption, Gt, and exports
towards paying for the external debt balance, NXt = Bt− qt ·Bt+1. More precisely, Kt = kt,
Lt = lt, and

Yt = ct + it +Gt +NXt (11)

Recursive Representation of Equilibrium for the Private Sector The representa-
tive household observes µ =

(
A,K,B, θP , χ

)
. The household perceives a time-invariant pol-

icy: Λ̃ = (τ(µ), G(µ), B+(µ)), a transition function for state variables
(
A+, K+, B+, θ

P
+, χ+

)
=

Φ̃(µ), and the path of factor prices (r(µ), w(µ)), depending on the vector of states of the
economy µ.

The maximization problem of the household can be characterized by a value function
V (µ; Λ̃, Φ̃) as a fixed-point solution of the following functional equation:

(P-1)

V
(
µ; Λ̃, Φ̃

)
= max

{c,l,i}

{
U (c,G)− h(lt) + β · EV

(
µ+; Λ̃+, Φ̃+

)}
(12)

subject to

ΠY + (1− τ) · [(r − δ) · k + w · l] + δ · k ≥ c+ i (13)

(1− δ) · k + i ≥ k+ (14)(
A+, K+, B+, θ

P
+, χ+

)
= Φ̃(µ) (15)

k+ ≥ 0 (16)

The transition function for state variables,
(
A+, K+, B+, θ

P
+, χ+

)
= Φ̃(µ), and factor

prices, (r(µ), w(µ)), must satisfy profit maximization:

r = A · FK(K,L) (17)

w = A · FL(K,L) (18)

and market clearing:

K = k (19)

L = l (20)

A · F (K,L) = c+ i+G+B − q(µ) ·B+ (21)

where pricing by arbitrage results in the pricing rule:
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q(µ) = q̃ =
1

1 + r̃
(22)

Let
{
c
(
µ; Λ̃, Φ̃

)
, l
(
µ; Λ̃, Φ̃

)
, i
(
µ; Λ̃, Φ̃

)}
be the equilibrium optimal choices of the rep-

resentative household for a given policy Λ̃(µ) and law of motion Φ̃.

Recursive Representation of Equilibrium for the Sovereign For a perceived future

policy, Λ̃, and law of motion Φ̃, let W̃
(
µ; Λ̃, Φ̃

)
be the continuation value function for

the sovereign for Λ̃, Φ̃, under fixed-point solution V
(
µ; Λ̃, Φ̃

)
to problem (P-1) and equilib-

rium optimal choices
{
c
(
µ; Λ̃, Φ̃

)
, l
(
µ; Λ̃, Φ̃

)
, i
(
µ; Λ̃, Φ̃

)}
for the representative household.

Then, the sovereign must choose a current policy Λ̂ = (τ,G,B+) to maximize social welfare:
(P-2)

Ŵ
(
µ; W̃ , Λ̃, Φ̃

)
= max

{τ,G,B+}

{[
U (ĉ, G)− h

(
l̂
)
−

λτ
(
θP
)
· log (1 + τ)− λG

(
θP
)
· log (G)

]
+ β · EW̃

(
µ+; Λ̃+, Φ̃+

)}
(23)

subject to feasibility and budget balance constraints:

ĉ+ î+G+B − q̂ ·B+ ≤ A · F (K, l̂) (24)

G+B ≤ τ ·
[
A · F (K, l̂)− δ ·K

]
+ q̂ ·B+ (25)

Uĉ = β · E
{
[1 + (1− τ+) · (r+ − δ)] · Uc+

}
(26)

(1− τ) · A · FL(K, l̂) · Uĉ = hl̂ (27)

q̂ = q̃ =
1

1 + r̃
(28)

P
(
θP+ = θP |θP

)
=

1, χ mod te ̸= 0

πj, χ mod te = 0
(29)

χ+ =

χ+ 1, θP+ = θP

1, θP+ ̸= θP
(30)

(
A+, K+, B+, θ

P
+, χ+

)
= Φ̂(µ) (31)

B+ ∈ Ω
(
A+, K+, θ

P
+, χ+

)
(32)

whereΩ
(
A+, K+, θ

P
+, χ+

)
represents the set of sustainable debt over the given state variables.

Here, ĉ and î are chosen to provide the maximum value for Ŵ
(
µ; W̃ , Λ̃, Φ̃

)
, and Φ̂(µ) is
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merely defined by these choices from the equilibrium conditions (24)–(27).

Definition 3.1. (Markov Perfect Equilibrium). An MPE for the above economy over the
given set of state variables µ =

(
A,K,B, θP , χ

)
is defined by a perceived transition function(

A+, K+, B+, θ
P
+, χ+

)
= Φ̃(µ), optimal solutions

{
V
(
µ; Λ̃, Φ̃

)
, c
(
µ; Λ̃, Φ̃

)
, l
(
µ; Λ̃, Φ̃

)
, i
(
µ; Λ̃, Φ̃

)}
in (P-1) for the representative household, price functions {r(µ), w(µ), q(µ)}, current policy
Λ̂(µ) = {τ(µ), G(µ), B+(µ)}, current transition function

(
A+, K+, B+, θ

P
+, χ+

)
= Φ̂(µ), and

current value function Ŵ
(
µ; W̃ , Λ̃, Φ̃

)
in (P-2) for the sovereign, perceived future policy Λ̃,

transition function Φ̃(µ), and continuation value function W̃ (µ; Λ̃, Φ̃(µ)), such that

1. Λ̂(µ) solves the sovereign’s problem for Ŵ
(
µ; W̃ , Λ̃, Φ̃

)
in (P-2);

2. The perceived future policy and continuation value function are identical to the current
ones: Λ̃ = Λ̂, W̃ = Ŵ ;

3.
{
c
(
µ; Λ̃, Φ̃

)
, l
(
µ; Λ̃, Φ̃

)
, i
(
µ; Λ̃, Φ̃

)}
solves the representative household’s problem for

V
(
µ; Λ̃, Φ̃

)
in (P-1) for the given prices {r(µ), w(µ)}, perceived policy Λ̃(µ), and tran-

sition function Φ̃(µ);

4. q(µ) satisfies pricing rule (22);

5. The perceived future transition function is identical to the current one, Φ̃(µ) = Φ̂(µ),
and (17)-(21) must be satisfied.

Proposition 3.2. [Characterization of the MPE; see Feng and Santos (2022)]. An MPE is
an optimal solution to the following optimization program:

(P-3)

W (µ;Λ) = max
{τ,G,B+,c,l,i}

{[
U (c,G)− h(l)−

λτ
(
θP
)
· log (1 + τ)− λG

(
θP
)
· log (G)

]
+ β · EW (µ+;Λ+)

}
(33)

subject to
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c+ i+G+B − q ·B+ ≤ A · F (K, l) (34)

(1− δ) ·K + i ≥ K+ (35)

G+B ≤ τ · [A · F (K, l)− δ ·K] + q ·B+ (36)

Uc = β · E
{
[1 + (1− τ+) · (r+ − δ)] · Uc+

}
(37)

(1− τ) · A · FL(K, l) · Uc = hl (38)

q =
1

1 + r̃
(39)

P
(
θP+ = θP |θP

)
=

1, χ mod te ̸= 0

πj, χ mod te = 0
(40)

χ+ =

χ+ 1, θP+ = θP

1, θP+ ̸= θP
(41)

B+ ∈ Ω
(
A+, K+, θ

P
+, χ+

)
(42)

where Λ+ = (τ+, G+, B++) ≡ Λ
(
A+, K+, B+, θ

P
+, χ+

)
.

3.4 Long-Term Determinants of Government Debt

In an attempt to bridge theoretical insights with real-world situations, we now try to unveil
the underlying forces behind our analytical framework. Our results should be of interest for
applied work, policy decisions, and related models of fiscal policy. In our dynamic framework
of time-consistent fiscal policy, the current ruling party cares about the future state of the
economy, and will determine the optimal amount of taxation and public spending based
on the existing debt level and economic conditions, and the desired amount of debt to be
imposed on future governments. In these rather complex DSGE settings of time-consistent
fiscal policy, the steady-state debt dynamics are mostly unknown. Based on the time profile
of public spending and taxation for an arbitrarily chosen interest rate, we first establish
a positive result on the existence of long-term government borrowing. More specifically,
we provide a necessary and sufficient condition under which the sovereign may desire to
issue debt at the steady-state solution. Then, we analyze the response of fiscal policy to a
permanent lowering of the interest rate, and to a permanent increase in mandatory spending.
Our numerical analysis below will illustrate these long-term trade-offs between the debt,
distortionary taxation, and public spending.

For convenience of the presentation, we make a few assumptions. First, we assume B ≥ 0.
That is, we will not enter into policy considerations in which the government is allowed to
accumulate assets to finance public spending, and avoid distortionary taxation; this is some-
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times referred as a “war chest of the government”, e.g., see Alesina and Passalacqua (2016)
and Aiyagari et al. (2002). Second, we assume that utility function U(c,G) is additively
separable U(c,G) = u(c) + v(G) with bounded derivatives. And third, we decompose gov-
ernment spending G as G = Gd + Gm where Gd ≥ 0 denotes discretionary spending and
Gm ≥ 0 denotes (fixed) mandatory spending. We attach utility to discretionary spending
only. Hence, we simply rewrite utility function v(G) as v(G − Gm). Other plausible utility
forms can be considered without changing our results. For instance, we could write the
utility function v(G) as v(Gd + Gm). Obviously, in practice the distinction between actual
discretionary and mandatory spending may not be so clear.

Let ϱ =
(

1
β
− 1
)
be the rate of time preference, and r > 0 the real interest rate.

Theorem 3.3. Assume that the interest rate r = r̃ remains fixed. If ϱ < r̃, then the steady-
state public debt stock Bt ≥ 0 fluctuates around B = 0. If ϱ > r̃, then for sufficiently small
preference and productivity shocks the steady-state debt stock is positive Bt > 0 at all times,
and bounded away from 0; moreover, public spending Gt = Gm for t large enough. If ϱ = r̃,
then there is at least one steady state in which Bt ≥ 0 fluctuates around B = 0.

Corollary 3.4. Let b = B
Y

denote the debt-to-GDP ratio. Assume that the interest rate
r̃ = h (b) is a weakly increasing, convex function of b. Assume that there is b̄ such that
r̄ = h

(
b̄
)
and ϱ < r̄. Then, for sufficiently small preference and productivity shocks, the

steady-state debt-to-GDP ratio, bt, should lie in the region: 0 ≤ bt ≤ b̄, for all t ≥ 0.

Theorem 3.5. Consider two fixed interest rates r = r̃ and r = r̃′. Let ϱ > r̃ > r̃′. Then, a
permanent lowering of the interest rate from r̃ to r̃′ will trigger a sudden jump in government
debt from B to B′, and a sudden jump in public spending from G to G′; that is, after the
change in r, the starting debt value B′ > B, and the starting public consumption value
G′ > G, for r̃ > r̃′. Moreover, at the new steady state, r̃Bt = r̃′B′

t, and τt = τ ′t, for all t ≥ 0.
In other words, the associated values for the debt service and taxation remain unchanged
over these steady states.

Theorem 3.6. Let ϱ > r̃. Then, a permanent increase in mandatory public spending from
Gm to G′

m will trigger a sudden drop of government debt from B to B′ and an increase in
the tax rate from τ to τ ′. That is, after the change in Gm, the starting debt value B′ < B,
and tax rate τ ′ > τ, for G′

m > Gm. Moreover, at the new steady state, B′
t < Bt, and τ ′t > τt,

at all times.

Even in our rather complex framework of time-consistent fiscal policy, the gap between
the rate of time preference ϱ and the interest rate r will drive the asymptotic dynamics of the
national debt. Therefore, Theorem 3.3 proposes a positive theory of long-term government
debt: the sovereign will desire to issue long-term debt if ϱ > r. For if not, the debt may just
wander about zero. Accordingly, the interest rate risk premium may eventually set up an
upper bound for the long-term national debt level (Corollary 3.4).

Government debt is usually thought as an unrequited negative bequest motive that may
need to be paid off through distortionary taxation. We should nevertheless remark that we

24



are considering steady-state debt dynamics; i.e., the debt rollover remains invariant over
time, and hence it will be evenly shared by all future governments. In other related settings,
the national debt would allow for intergenerational income transfers, which may have impli-
cations for efficiency and equity. In the traditional Ricardian equivalence theory [e.g., Barro
(1979), Weil (1987)] government bonds are not net wealth.

Tabellini and Alesina (1990) and Persson and Svensson (1989) stress the role of the pub-
lic debt as a strategic state variable to condition future public spending, and argue that a
political switch in power may lead to debt overaccumulation. This strategic role of the debt
is also observed in Battaglini and Coate (2008) for a “common pool problem” of bargaining
and spending in legislatures in which the parties can extract pork-barrel transfers. Song,
Storesletten, and Zilibotti (2012) consider a dynamic model of intergenerational redistribu-
tion in an open-economy framework. They conclude that countries with stronger preference
for public spending will be inclined to maintain lower debt levels.

Summarizing these results, Fatas et al. (2019) stress that government overborrowing may
stem from intergenerational transfers, strategic manipulation, and “common pool” problems.
We would like to remark that these behavioral assumptions and bequest motives (as well as
some model’s parameters) can affect the transitional dynamics and steady-state debt values,
but the gap between ϱ and r is what determines the asymptotic dynamics ; i.e., the limit
sign of debt creation. In other words, the turning point ϱ = r remains unchanged to general
preference shocks; e.g., see equation (43) below. Therefore, Theorem 3.3 identifies a general
condition for the existence of positive steady-state government debt.

Theorem 3.5 typifies the response of our policy variables in a fiscal transition under a
permanent lowering of the interest rate. In the long run, the debt service, taxation, and
public spending will remain constant. Initially, a permanent interest rate cut will cause
a sudden jump in the public debt—stimulating the economy through front-loaded public
investment and lower taxation.

Theorem 3.6 typifies the response of our policy variables in a fiscal transition under a
permanent increase in mandatory spending. Higher public spending may risk long-term
sustainability of the national debt. Hence, we should expect a lower debt level and higher
taxation. Initially, taxation will go up to accommodate the declining public debt profile
towards the new steady-state value.

In conclusion, these permanent shocks to the interest rate and mandatory spending make
evident certain trade-offs between current and future public spending, the long-term sustain-
ability of the public debt, and distortionary taxation.

Proofs of the Theorems (Outline) We shall build on the analysis of the derivatives of
value function W from our previous paper [Feng and Santos (2022)]. Under certain condi-
tions, Corollary 4.8 of that paper establishes that the tax distortion wedge is increasingly
monotone in the tax rate τ ; i.e., the higher is τ the greater is the wedge as defined by v′(G)

u′(c)
.

Detailed proofs of the above theorems requires various supplementary assumptions. Here
we just highlight main mechanisms driving these results. For simplicity, we may assume that
there are no TFP shocks and no uncertainty in preferences. That is, both parameter A and
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function U(c,G)− h(l) remain invariant over time.

Let ∂W (µ)
∂B

be the partial derivative of mapping W with respect to B. Then, ∂W (µ)
∂B

=
−v(G). Moreover, from iterative application of the first-order conditions we get:

v′(G0) = [β · (1 + r̃)]t · v′(Gt) (43)

Without loss of generality, let B0 = 0. By assumption, β · (1 + r̃) < 1. Therefore,
from (43) and the concavity of function v, public spending G will initially be high, and
monotonically decline to the level of mandatory spending. Moreover, by the monotonicity
of the tax distortion wedge as defined from v′(G)

u′(c)
, we must have that τ is initially low, and

monotonically increases to the stead-state value. It follows that the debt stock Bt converges
monotonically to the steady-state value. See Figure 7.

Figure 7: Time Profile of G, T,B for r̃ < ϱ.

Notes: For a logarithmic utility function v(Gt) = log Gt, government spending G follows
the law of motion Gt = [β · (1 + r̃)]t ·G0. The tax distortion becomes smaller under high G;
see Feng and Santos (2022), Corollary 4.8. Hence, tax revenues T go up in the transition to
the steady state. Finally, the national debt Bt converges monotonically to its steady-state
value.

Corollary 3.4 just follows from Theorem 3.3.
In Theorem 3.5 we conjecture a long-term equilibrium in which the debt service remains

constant over steady states, and hence the steady-state tax rate τ and public spending
G = Gm must also remain constant.

Finally, Theorem 3.6 essentially follows from the monotonicity of the distortionary wedge
in τ ; see Feng and Santos (2022), Corollary 4.8. Since mandatory spending has been increased
from Gm to G′

m, where G′
m > Gm, the debt stock B and the tax rate τ cannot remain with
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the original steady-state values. Under general conditions, in the new steady-state the tax
rate τ would increase and the debt stock B would go down. Obviously, these trade-offs
for fiscal sustainability will depend upon the modeling of discretionary spending: how the
marginal utility of discretionary spending Gd will vary with mandatory spending Gm.

4 Calibration of Parameter Values

We first assign parameter values for preferences and production functions, and estimate
the shock process to match the persistence and volatility of output in our data sample.
Parameters related to the political cycle are pinned down by a simulated method of moments
(SMM) estimation using the empirical evidence in Section 2 for the U.S. economy.

4.1 Parameterization

Functional Forms Preferences are represented by the following utility functions:

U(c,G) =
c1−σ

1− σ
+ γg ·

(G−Gm + ḡ)1−σ

1− σ

h(l) = γl ·
l1+η

1 + η
.

Observe that σ is the coefficient of relative risk aversion, and η defines the labor supply
elasticity. Parameters γg and γl are the weights of public consumption and the disutility of
labor in the one-period utility function. As already pointed out, G = Gd + Gm, where Gd

is discretionary spending and Gm is mandatory spending, which is modeled as a fixed cost.
Hence, we consider the utility over Gd. Also, ḡ > 0 is an arbitrarily small constant to avoid
infinite marginal utility.

Aggregate production is represented by the Cobb-Douglas function:

F (K,L) = A ·Kα · L1−α.

The TFP shock follows an AR(1) process:

logAt = ρA · logAt−1 + εA,t

εA,t ∼ N(0, σ2
A).

Parameter Values for Preferences and Production Functions The following pa-
rameters {β, σ, η, γg, γl, α, δ, ρA, σA} are commonly discussed in the literature, while their
values are usually selected to match some basic data statistics. In our model, each period
corresponds to te years in the data, a calibration choice designed to mitigate the computa-
tional burden associated with incorporating electoral cycles and political transitions into the
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baseline economy. We set te = 4, aligning each model period with the duration of a typical
presidential term in the United States. To facilitate comparison with related literature, we
report annualized values for both the parameters and the simulated statistics derived from
our model when applicable.

We set the discount factor β = 0.95 to match the capital-output ratio in the benchmark
economy.12 We fix the degree of relative risk aversion σ = 1, and let η = 0.32 so as to get a
Frisch labor supply elasticity equal to 2.0. We let the labor weight γl = 5.90 to target the
fraction of the labor supplied around 0.23. Public consumption carries a weight γg = 0.52
to attain an average government spending to output ratio close to 18%, which is the average
level observed in our sample data. The value of Gm is set to Gm = 0.01 for convenience to
avoid unbounded derivatives of the utility function. In some other cases, Gm is set to match
long-term mandatory government spending as a share of GDP, or it can be a free parameter.

We let α = 0.34 and δ = 0.06, which again are quite standard parameter values. To
match the auto-correlation and volatility of GDP, we fix the persistence parameter ρ = 0.95,
and the volatility parameter, σA = 0.016. As already pointed out, the interest rate r̃ and the

rate of time preference ϱ =
(

1
β
− 1
)
are crucial to determine the dynamics of the debt stock

in our model. We set the interest rate r̃ = 0.0325, which is marginally below the rate implied
by ϱ. Additional costs of holding a high debt stock can be associated with precautionary
motives—interest rate and government spending shocks—which we shall deal with shortly.

Parameter Values for the Political Cycle and Structural Shocks to Preferences
Parameters λτ and λG reflect the different political agendas on U.S. fiscal policy of the two
office-seeking parties, Democrats (D) and Republicans (R), and are set to match the D-R
difference in taxation, τ, and public spending, G. The probability of winning is also adjusted
for the U.S. electoral results. Of the 42 general elections since 1852, the Republicans won
in 23 occasions. And the incumbent party achieved victory in 22 out of the 41 re-elections.
Notably, there have been four instances where a party won three elections in a row.

4.2 Numerical Experiments

We conduct extensive numerical simulations to assess the quantitative implications of the
above theoretical results. We therefore aim to validate our theoretical hypotheses and derive
relevant policy implications. In the following experiments, we temporarily abstract from
the political cycle detailed in Section 3.2. Let ς denote the gap between the rate of time
preference and the interest rate, ς = ϱ− r̃, where ϱ = 1

β
− 1.

12As an extension of Theorem 3.3, for our later model with internal debt the household discount factor is
set to 0.975, matching the capital-output ratio. For the government, the discount factor is 0.935, aimed at
generating a realistic debt-to-GDP ratio.
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Table 3: Parameter Values and Targeted Data Statistics. Annual Data.

Calibrated Parameters Value Targeted Data Statistics
Preferences & Technology:
β: discount factor 0.95 Capital-output ratio
σ: risk aversion 1.0 Standard RBC value
δ: depreciation rate 0.06 Standard RBC value
η: labor elasticity 0.32 Frisch wage elasticity
α: capital share 0.34 Capital share in GDP
γg: public consumption 0.52 Government spending
γl: disutility of labor 5.30 Aggregate labor supply
Gm: mandatory spending 0.01 Mandatory outlays
ρ: persistence of TFP 0.95 GDP auto-correlation
σA: volatility of TFP 0.024 GDP standard deviation
r̃: risk-free interest rate 0.0325 U.S. ten-year bond real yield

Political Cycle:
λτ : preference shock to τ {−0.3, 0.3} D-R differences in taxation
λG: preference shock to G {−0.8, 0.8} D-R differences in G
te: years in office per term 4 U.S. presidential term
πj: probability of winning {0.5, 0.5, 0.1} U.S. general elections

4.2.1 Permanent Changes in the Interest Rate

Table 4 reports mean steady-state values for our macroeconomic aggregates over various
given (fixed) interest rates. These simulations demonstrate a clear relationship between
parameter ς and the debt-to-GDP ratio, B/Y , corroborating our theoretical findings; viz.
Theorem 3.3. For ς > 0 (i.e., ϱ > r̃), we observe high debt-to-GDP ratios, and for ς < 0 the
debt-to-GDP ratio wonders around zero.

Furthermore, as ς goes down, we observe a concomitant rise in the B/Y ratio, as stated
in Theorem 3.5. Hence, for ς > 0 the mean values for the debt service and the tax rate
remain constant as we vary the interest rate. As we move to the region ς < 0, we find the
following paradox over these steady-state mean values: the ratio of government spending to
output, G/Y, goes up while the average tax rate τ goes down. Certainly, in the region with
ς > 0 the debt rollover must be financed with taxation, while public spending is reduced to
mandatory spending. For this latter region, in the initial phase the debt jumps up together
with public spending at the expense of future taxation.

Interest Rate Shocks Next, we want to examine how interest rate shocks may impact the
economy, giving further insights into dynamic fiscal policy decisions. This approach provides
a more nuanced understanding of debt sustainability beyond the simple steady-state analysis
discussed in previous literature. The question is particularly relevant for the current economic
climate of uncertainty over the future long-term interest rate. More broadly, we may want
to inquire how fiscal policy should be instrumented in periods of monetary tightening, and
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Table 4: Mean Steady-state Values over the Gap between the Rate of Time Preference and
the Interest Rate, ς.

ς B
Y

C
Y

G
Y

K Y τ
0.06 2.09 0.52 0.01 0.376 0.165 0.414
0.04 1.94 0.52 0.01 0.372 0.164 0.414
0.02 1.79 0.52 0.01 0.372 0.164 0.419
0 1.61 0.52 0.08 0.368 0.163 0.417

-0.02 1.00 0.56 0.12 0.408 0.170 0.363
-0.04 0.10 0.62 0.23 0.444 0.176 0.293
-0.06 0.0003 0.66 0.21 0.464 0.179 0.246

Notes: The value of Gm is fixed at 0.01.

Table 5: Mean Steady-state Values under Shocks to the Gap between the Rate of Time
Preference and the Interest Rate, ς.

ς B
Y

C
Y

G
Y

K Y τ
ςr ∈ {0.02,−0.02} 1.68 0.52 0.01 0.40 0.17 0.41
ςr ∈ {0.02,−0.04} 1.53 0.53 0.02 0.40 0.17 0.40
ςr ∈ {0.02,−0.06} 1.42 0.54 0.03 0.40 0.17 0.39

Note : The gap variable, ς, follows a Markov Chain with transition probability matrix[
0.75 0.25
0.75 0.25

]
, for Gm = 0.01.

other structural upward shocks to the interest rate. As illustrated in Figure 4, the real
interest—as computed from the ten-year bond yield—may experiment sudden fluctuations
which may compromise government’s solvency and financial stability. By considering this
rich economic framework for time-consistent fiscal policy, we are contributing to the ongoing
debate about the optimal size of the national debt [Blanchard (2019), Mehrotra and Sergeyev
(2021), Mian, Straub, and Sufi (2022), and Reis (2021)] in an era of low interest rates, with
underlying fiscal risks from unexpected shocks to financial conditions.

Table 5 presents mean steady-state values for three scenarios in which the economy is
subjected to a shock to the interest rate r̃, causing the value of ς to fluctuate between
ςhl = 0.02 and various lower values ςrl within a two-state Markov chain. These computations
reveal that uncertainty in the interest rate, particularly when it leads to temporarily high
borrowing costs, generates small deviations in the steady-state mean value of the debt-to-
GDP ratio. Indeed, for ς = 0.02 in Table 4 the debt-to-GDP ratio B/Y = 1.79, and it goes
down to B/Y = 1.42 in Table 5 as this gap ς oscillates between 0.02 and -0.06. We also
observe relatively minor fluctuations in the mean values of the average tax rate τ in Table
5, which suggest that temporarily interest rate shocks are absorbed through fluctuations in
the national debt. Notably, the impacts on long-run government expenditure and taxation
appear to be minimal, aligning with the predictions of Theorem 3.5.
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Table 6: Mean Steady-state Values for Changes in Mandatory Spending Gm.

Gm
B
Y

C
Y

G
Y

K Y τ
0.05 0.599 0.436 0.377 0.320 0.155 0.516
0.03 1.046 0.461 0.269 0.324 0.156 0.487
0.01 1.451 0.482 0.167 0.352 0.161 0.460

Notes : The gap between the rate of time preference and the interest rate is set at ς = 0.02.

Table 7: Mean Steady-state Values for Temporary Shocks to Mandatory Spending Gm.

ς B
Y

C
Y

G
Y

K Y τ
0.06 0.429 0.608 0.193 0.492 0.184 0.296
0.04 0.128 0.633 0.206 0.508 0.186 0.264
0.02 0.058 0.640 0.207 0.520 0.188 0.253
0.00 0.046 0.633 0.214 0.528 0.189 0.260
-0.02 0.022 0.636 0.214 0.532 0.190 0.255
-0.04 0.013 0.640 0.211 0.540 0.190 0.250
-0.06 0.010 0.641 0.210 0.540 0.190 0.249

Notes : Gm follows a two-state Markov Chain with Gm ∈ {0.01, 0.05}, and transition prob-

ability matrix

[
0.97 0.03
0.97 0.03

]
.

4.2.2 Permanent Changes in Mandatory Spending

In Table 6, we vary the value of Gm, associated with higher mandatory spending. The fiscal
response to increased public spending is quite strong and follows a consistent pattern: lower
debt accumulation coupled with higher taxation. As discussed in the proof of Theorem 3.6,
this government’s balanced approach of adjusting both debt levels and taxation in response
to permanent changes in public spending highlights the complex trade-offs involved in fiscal
stability.

Temporary Shocks to Mandatory Spending Table 7 introduces shocks to public
spending preferences, with Gm ∈ {0.01, 0.05} following a two-state Markov chain. Here
Gm = 0.05 is equivalent to a mandatory spending of 26% of total GDP, reflecting the fis-
cal impact of the Covid-19 pandemic. For all ς, the B/Y ratio remains consistently low,
contrasting sharply with the results in Table 4. The G/Y ratio is higher and more stable
compared to Table 4, especially for negative interest rate differentials. Accordingly, the mean
value for the tax rate τ does not move much in all these steady states.

These experiments corroborate the insights from Theorem 3.6. Shocks to public spending
induce precautionary saving by the government, resulting in reduced debt accumulation.
This conservative approach to fiscal policy enables the maintenance of higher and more
stable public spending levels across various interest rate regimes, avoiding tax volatility.
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4.2.3 Determinants of the U.S. National Debt

These numerical simulations complement our earlier theoretical results on interest rate and
mandatory spending shocks, underscoring the model’s capability to analyze various fiscal
policy scenarios. Our findings highlight the significance of incorporating stochastic elements
in fiscal policy models. In uncertain spending environments, governments may benefit from
more conservative debt policies, enhancing their fiscal flexibility to manage economic uncer-
tainty without resorting to drastic changes in taxation and public spending.

Better coordination between monetary and fiscal policy has certainly been conducive to
higher debt levels in advanced economies. Given the gradual convergence of nominal interest
rates to the zero lower bound in the last two decades, additional impacts of monetary policies
on national debt levels could be more limited. Hence, the debt-to-GDP ratio may flatten
out to accommodate for the forecasted increase in entitlement spending.

Between 1950 and 1980 the U.S. debt-to-GDP ratio sharply declined from 0.86 to 0.32.
Then, it started an ascending path till getting to 1.20 in present times. President Reagan is
usually blamed for abandoning his pledge of balancing the fiscal budget—opposing to high
taxes. His Presidency was the turning point of large public deficits propelling the national
debt. Nonetheless, our model seems to suggest that the course of fiscal policy was logically
reversed along with some fundamental forces.

Our above analysis pleads in favor of certain factors: (i) The interest rate: From Figure
4, the real interest—as computed from the ten-year bond yield—was on the rise before
peaking at 8% in 1980. This may have triggered expectations of persistently high interest
rates. According to Theorem 3.5, the debt stock moves inversely proportional to the interest
rate, while long-term taxation may not change. After 1980 the real interest rate essentially
displays a declining trend, and it is much less volatile. (ii) Greater shocks to temporary
spending. The threat of the Cold War came to an end in the 1980s with the progressive
dismantling of the Soviet Union falling in 1991. Table 7 indicates that the precautionary
motive associated with such rare events in mandatory spending substantially reduces the
stock of public debt. And (iii) Public spending : The share of public spending went from
22.4% of GDP for the subperiod before 1980 to 19.5% for the subperiod after 1980. Indeed,
starting with the supply-side economics of President Reagan, public spending went down and
even become less volatile. From Table 6 we see that upon an increase in the share of public
spending G/Y the drop in B/Y can be quite considerable—helping to preserve the long-
term sustainability of the public debt. Moreover, forecasted increases in the share of future
mandatory spending are of the order of 3 percentage points of GDP or higher [Congressional
Budget Office (2024)]. In accommodating to higher spending under distortionary taxation
in our model, the debt-to-GDP ratio is expected to decline, and taxation to go up.
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5 Cyclical Properties of Fiscal Policy with External

Debt

Cuadra, Sanchez, and Sapriza (2010) were among the first studies to examine business cycle
properties of optimal taxation with external debt. They only consider consumption and
labor income taxes. Their findings suggest that countercyclical taxation and countercyclical
debt issuance may be optimal to mitigate fluctuations in private consumption and public
spending. However, when the risk of default arises, the government may be forced to raise
taxes to counteract the increased borrowing costs during recessions, resulting in pro-cyclical
taxes. The authors therefore conclude that the probability of default and the associated risk
premium in an incomplete markets setting are the major factors explaining the pro-cyclicality
of fiscal policy; for otherwise, fiscal policy would be countercyclical.

When considering capital or income taxes, the argument in Cuadra, Sanchez, and Sapriza
(2010) may not longer be needed to account for the procyclicality of fiscal policy. In the
absence of default, the government may want to tax capital income rather than borrowing
from international creditors at a fixed interest rate. Indeed, TFP is low in a recession.
Then, the cost of adjusting capital and labor income taxes is also low, as mentioned in Judd
(1993). Consequently, taxation remains procyclical without default risk, and debt issuance
becomes slightly countercyclical. Moreover, in the absence of full insurance we expect public
consumption to be positively correlated with output.

To assess the impact of the political cycle on the conduct of fiscal policy we consider four
scenarios: the baseline economy without political frictions, the economy with a political tax
cycle, the economy with a political cycle in government spending, and the economy with a
political budget cycle involving adjustments in both taxation and public spending. In the
Appendix we deal separately with cyclical properties of the tax on capital income and the
tax on labor income. When one of these taxes is suppressed, the issue of revenue collection
becomes more pressing and the remaining tax turns out to be positively correlated with
output.
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Figure 8: Dynamic Response of Macroeconomic Variables to Cyclical Changes in TFP in
the Baseline Economy. External Debt.
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Notes: The solid line depicts the evolution of each economic variable as measured on the
left y-axis of each graph, while the dashed red line is the realized TFP level.

Cyclical Properties of Fiscal Policy: Macroeconomic Volatility and Co-movements
with Output For our baseline economy, Figure 8 displays the simulated paths (solid lines)
for the tax rate τ , the share of public spending, G/Y , the debt-to-GDP ratio, B/Y , the labor
supply, L, the consumption share, C/Y , and the investment share, I/Y , against the realized
path of TFP (dashed red line). Observe that the fluctuations in all these variables are of
the same orders of magnitude as those of TFP. Also, G/Y , L, C/Y , and I/Y are positively
correlated with the TFP level, while τ and B/Y are negatively correlated with the TFP
level. Certainly, τ varies negatively with TFP to optimize over the supply-side response
of the production factors. The government tends to accumulate more debt (increase B+)
during economic downturns to smooth both C and G.

Table 8 reports equilibrium volatilities and mean values for our economic variables across
different scenarios: the baseline economy (denoted “baseline”), the economy with a political
tax cycle (labeled “τ”), the economy with a political cycle in government spending (denoted
“G”), and the economy with a political budget cycle (labeled “τ , G”). We measure volatility
as the standard deviation over the mean value of each variable. In the baseline economy,
the mean value of each variable is normalized to 100, and the absolute value of each variable
appears in parentheses. For the other three scenarios, the mean values of these variables are
expressed relative to this baseline normalization.

The political tax cycle significantly impacts the volatility of τ over the business cycle
from 2.38 to 4.57. This doubling in tax volatility prompts a more than twofold increase in
the volatilities of I and L while the overall effect on the volatility of output Y is relatively
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Table 8: Macroeconomic Volatility. External Debt.

Model Y I C L τ G/Y B/Y

volatility

baseline 1.77 5.27 4.06 0.65 2.38 4.69 1.70
τ 2.04 8.72 4.27 1.89 4.57 6.38 1.71
G 1.90 5.86 4.25 0.83 2.77 4.76 1.68
τ,G 1.99 7.79 4.26 1.58 4.01 5.09 1.77

mean

baseline
100

(0.167)
100

(0.045)
100

(0.10)
100

(0.23)
100

(0.37)
100

(0.18)
100

(0.76)
τ 100 100.1 100.1 99.9 99.9 99.8 100
G 100.1 100.1 100.2 100.0 99.8 99.7 100
τ,G 100.1 100.2 100.2 100.0 99.8 99.9 99.6

Notes: Volatility is defined as the standard deviation over the mean value of each variable.
For the baseline economy, we let the mean value of each macroeconomic variable equal 100,
while the actual absolute mean value is shown in parentheses. All other mean values are
expressed in terms of the normalized mean value of the baseline economy.

Table 9: Correlation of some Economic Aggregates with GDP. External Debt.

I C L τ G/Y B/Y
U.S. data 1950-2020 0.99 0.99 0.89 -0.70 -0.83 0.95

baseline 0.94 0.99 0.35 -0.87 0.91 0.04
τ 0.84 0.97 0.47 -0.76 0.28 -0.02
G 0.92 0.99 0.37 -0.85 0.79 0.02
τ,G 0.85 0.98 0.43 -0.77 0.58 -0.02

minimal. Conversely, the political cycle in government spending has a negligible effect on
the volatility of τ and Y . More precisely, the volatility of τ only increases slightly and goes
from 2.38 to 2.77, with minimal impact on the volatilities of I and L.

Table 9 presents the computed correlations between the selected macroeconomic variables
and GDP. The political tax cycle decreases the negative correlation between τ and GDP, since
this cycle can be viewed as an exogenous perturbation unrelated to GDP growth. Observe
that the baseline model yields a correlation between L and Y that is substantially weaker
than in our data. This discrepancy is known from other business cycle settings, and may
point to the existence of labor market frictions, which are not adequately represented within
the model’s current framework. As already pointed out, the model generates a correlation
between G and Y that deviates from empirical findings.

Table 10 suggests that optimal time-consistent policies may benefit from further tax
volatility; i.e., the value function of the consumer could increase with taxation uncertainty.
Notwithstanding, government expenditure preference shocks have smaller effects on con-
sumer welfare because of the concavity of the utility function. Economic welfare, CEV,
is calculated as the required one-time % consumption change at time t = 0 in the baseline
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Table 10: Economic Welfare. External Debt.

Model Economic Welfare

CEV

baseline 0
τ 1.24%
G 0.24%
τ,G 1.79%

Notes: Economic welfare, CEV, is calculated as the required one-time % consumption change
at time t = 0 in the baseline economy so that the household is indifferent between the baseline
economy with the adjusted consumption in the first period and the economy with the political
cycle.

economy so that the household is indifferent between the baseline economy with the adjusted
consumption in the first period and the economy with the political cycle.

Political Cycles and Debt Accumulation Overall, incorporating political cycles into
the analysis significantly impacts the volatility of macroeconomic variables, but it has a
minimal effect on the accumulation of public debt. In all our experiments, the maximum
change in the mean value of the debt-to-GDP ratio was only 0.4 percent, which deviates from
existing claims in the literature on the role of the political cycle in public debt dynamics;
e.g., Alesina and Passalacqua (2016). Certainly, political disagreements on public spending
and taxation between current and future governments can channel further increases in debt
issuance. After all, the debt stock is a state variable that conditions the actions of future
governments. Our quantitative analysis, however, seems to indicate that these political
disagreements are not large enough to affect substantially the evolution of the debt stock
over the underlying effects of time-consistent policies. Previous research may have overlooked
the role of endogenous capital accumulation. Higher debt leads to higher taxes, which in turn
reduces the incentive to invest and subsequently lowers the capital stock. This crowding-out
effect on private investment serves as an additional cost for the incumbent political party to
reverse the course of future fiscal policy.

6 Cyclical Properties of Fiscal Policy with Internal

Debt

Models with External and Internal Debt In a manner akin to the model with external
debt, the equilibrium functions embody the intricate trade-offs confronted by the incumbent
government for TFP and tax smoothing, debt sustainability, manipulation of the bond price,
and balancing the marginal utilities of public and private consumption together with the
tax distortion. The equilibrium policy functions for the economy with internal debt are
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quite similar to the economy with external debt with two exceptions; see the Appendix.
With internal debt, private consumption rises with the amount of public debt owned by
the government, while private consumption declines with external borrowing. In the former
case, public debt is owned by domestic households. In the latter case, debt is a claim to a
domestic resource, and requires transfers of goods to external creditors. Furthermore, the
price of the external bond is less sensitive. In contrast, the government has the option to
manipulate the domestic bond price—affecting the endogenous bond limits as well as the
conduct of fiscal policy and the optimal tax.

When the sovereign relies on domestic debt, the bond price becomes endogenous. Then
the benefits of debt issuance will diminish with the increasing cost of borrowing. Motivated
by these considerations, we expand the baseline economy to reexamine the transmission
mechanisms of fiscal policy with internal debt.

At every time t ≥ 0, the sovereign issues debt to domestic households at price qt. The
one-period budget constraint for the government becomes: Gt +Bt ≤ qt ·Bt+1 + Tt with tax
revenues Tt = τt · (rt− δ) ·Kt+ τt ·wt ·Lt+ τt · (1− qt)Bt. Since the representative household
has also the option to invest in physical capital, pricing by arbitrage yields the following
condition for the bond price:

qt =
βh · E

{
[1− τt+1 · (1− qt+1)] · Uct+1

}
Uct

(44)

where the term τt+1 · (1 − qt+1) in this equation assumes that only the interest income
generated from investment in the government bond is subjected to taxation. This formulation
is adopted for computational convenience.

In the absence of political frictions, Debortoli and Nunes (2013) find that the government
may not want to accumulate debt in equilibrium in a setting without physical capital. Our
analysis in the previous section suggests that the political cycle alone may not generate an
empirically relevant level of debt-to-GDP ratio. Consequently, we assume that the govern-
ment has a higher discounting, βg = 0.935, than the representative household, βh = 0.975.
Again, this approach reflects the idea that politicians may be less patient than households,
and it is adequate for generating positive debt in equilibrium—together with the above
precautionary motive for saving to hedge against a rare event.

Cyclical Properties of Fiscal Policy: Macroeconomic Volatility and Co-movements
with Output Figure 9 displays the simulated paths for τ , G/Y , B/Y , q, C/Y , and I/Y .
Solid lines refer to the evolution of the aforementioned macroeconomic aggregates, while
dashed red lines refer to realized TFP levels. Observe that the volatility of our macroeco-
nomic aggregates is smaller than in the case of external debt.

Again, τ and G/Y are highly pro-cyclical. Then, B/Y is negatively correlated with the
TFP shock and q (the inverse of the cost of borrowing) is positively correlated with the
TFP shock. During economic downturns, the government tends to accumulate more debt,
which allows for the smoothing of both private and public consumption without significantly
altering the tax rate. This illustrates the tax smoothing motive. Nonetheless, consumption
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smoothing is constrained by the falling of the bond price during recessions. Since private and
public consumption decline in periods of low TFP, the bond price mirrors the household’s
marginal rate of substitution between current and future consumption, and moves in with
the marginal productivity of capital, which also declines during recessions.

Therefore, the government has the ability to influence the bond price, and so fiscal policy
can impact private saving and investment decisions. In the economy with external debt, the
fixed cost of external borrowing offers the domestic economy an additional layer of insurance
against aggregate uncertainty. With internal debt, the debt-to-GDP ratio is less volatile,
resulting in reduced volatility of the tax rate.

Figure 9: Dynamic Response of Macroeconomic Variables to Cyclical Changes in TFP in
the Baseline Economy. Internal Debt.
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Notes: The solid line depicts the evolution of each economic variable as measured on the
left y-axis of each graph, while the dashed red line is the realized TFP level.

As indicated in Table 11, in the baseline economy the volatility of total output is 1.52,
as opposed to 1.77 for the economy with external debt. The lower volatility of output with
internal debt stems from the ensuing change in the bond price resulting in a higher borrowing
cost, and the government’s inability to tap into external resources to smooth out household’s
expected utility,

Again, the political tax cycle generates much greater volatility in the tax rate—propagating
into larger fluctuations in labor supply and investment. The correlation between the politi-
cal cycle and the business cycle is central to this result. For the moment, we only consider
the case in which these two cycles are independent. On the other hand, the political cycle
in government spending has almost no noticeable impacts on the macroeconomic variables.
A political cycle in government spending increases the volatility of G, but it doesn’t have
much impact on taxation. The economy simply shifts some resources away from private
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Table 11: Macroeconomic Volatility. Internal Debt.

Model Y I C L τ G/Y B/Y q

volatility

baseline 1.52 3.71 2.37 0.64 0.46 2.04 0.14 0.50
τ 2.99 11.24 2.61 4.72 8.07 5.49 1.10 1.19
G 1.71 4.83 2.53 0.85 1.25 3.27 0.69 0.60
τ,G 3.10 9.44 2.73 4.79 7.93 3.17 1.94 1.23

mean

baseline
100

(0.18)
100

(0.04)
100

(0.11)
100

(0.21)
100

(0.35)
100
(0.2)

100
(0.57)

100
(0.96)

τ 99.9 100.2 100.1 99.9 99.9 99.9 100.3 100.1
G 100.3 100.5 100.2 100.1 99.7 99.7 99.6 100.1
τ,G 100.5 101.2 100.6 100.3 99.3 99.3 99.1 100.3

Notes: Volatility is defined as the standard deviation over the mean value of each variable.
For the baseline economy, we let the mean value of each macroeconomic variable equal 100,
while the actual absolute mean value is shown in parentheses. All other mean values are
expressed in terms of the normalized mean value of the baseline economy.

Table 12: Correlation with GDP with Internal Debt.

I C L τ G/Y B/Y q
data 0.99 0.99 0.89 -0.70 -0.83 0.95 -0.77

baseline 0.95 0.99 0.86 -0.81 0.93 -0.10 0.96
τ 0.94 0.81 0.88 -0.86 -0.50 -0.39 0.91
G 0.82 0.99 0.80 -0.54 0.48 -0.13 0.96
τ,G 0.98 0.79 0.88 -0.87 -0.25 -0.26 0.91

consumption, which becomes less volatile, and so it reduces fluctuations in the bond price.
As illustrated below, G may become countercyclical for a political cycle in public spending.

The varying impacts between taxation and public spending cycles can be primarily at-
tributed to the following factors. Taxes directly influence the intra-temporal choice between
consumption and labor supply [equation (8)], as well as inter-temporal choices between
consumption and investment [equation (7)]. Additionally, the optimal tax policy is more
sensitive to marginal changes in B and K as compared to optimal public spending.

Internal debt becomes more distortionary: government borrowing inadvertently sidelines
private consumption, and depresses the bond price, escalating borrowing costs for the gov-
ernment. As shown in Table 12, the correlations of the chosen macroeconomic indicators
with GDP within our model are evident. Some numerical simulations illustrate that solely
relying on borrowing during economic downturns to finance public expenditure is not opti-
mal for the government, who is compelled to institute a procyclical income tax to stabilize
public spending. This channel further elucidates the high correlation between taxation and
output, especially when juxtaposed with an external debt model with exogenous borrowing
costs.
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Table 13: Economic Welfare. Internal Debt.

Model Welfare

CEV

baseline 0
τ 1.73%
G 1.22%
τ,G 3.38%

Notes: Economic welfare, CEV, is calculated as the required one-time % consumption change
at time t = 0 in the baseline economy so that the household is indifferent between the baseline
economy with the adjusted consumption in the first period and the economy with the political
cycle.

The impact of the political cycle on the macroeconomy carries significant implications for
economic welfare. Given multiple channels of inter-temporal substitution, the value function
may be convex with respect to shocks in both taxation and government spending. As shown
in Table 13, both the political cycle in taxation and government spending may enhance
economic welfare.

Cyclical Properties of Fiscal Policy and the Political Cycle Based on our extensive
quantitative analysis, we summarize some cyclical properties of fiscal policy and the impact
of the political cycle.

(i) Macroeconomic dynamics : fiscal policy is highly procyclical. Taxation is strongly
negatively correlated with output, and public spending is strongly positively correlated with
output. Access to external debt affords the sovereign with an additional instrument to
smooth out private and public consumption. Accordingly, the sovereign’s bond holdings
and the tax rate become significantly more volatile with external debt, which bear on the
volatility of capital and labor.

(ii) The political cycle and the volatility of macroeconomic variables : the political cycle
can weaken the strong correlation of taxation and public spending with output. The political
tax cycle adds substantial volatility to the macroeconomy in both debt scenarios. The
political cycle in government spending hardly adds any extra volatility in both debt scenarios.

(iii) The political cycle and debt accumulation: for reasonably calibrated parameter val-
ues, these political frictions have limited impact on debt accumulation. The evolution of
the debt stock is mostly driven by the problem of time-(in)consistency rather than by the
political cycle.

Perturbations of Parameter Values In the Appendix we explore the impact of further
changes in the inter-temporal elasticity of substitution for consumption, and the elasticity of
the labor supply, as proxied by parameters σ, and η, respectively. Roughly, these changes in
parameter values have similar qualitative effects in both debt scenarios, but result in greater
quantitative impacts in the economy with external debt.

An increase in σ, or a lowering of the inter-temporal elasticity for private consumption, is
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associated with a smaller debt-to-GDP ratio, a smaller and less volatile tax rate, translating
into greater and less volatile total output, investment, and the labor supply.

An increase in η, or a lowering of the elasticity of the labor supply, has roughly the
same qualitative effects as the increase in σ, but in this case those effects are much smaller.
Moreover, as we increase η, taxation may become countercyclical.

7 Concluding Remarks

In this paper we propose a dynamic stochastic general equilibrium (DSGE) model of fiscal
policy to evaluate the determinants of the national debt—long-term trends and cyclical
patterns. Structural shocks to the U.S. economy (e.g., World War II, the Cold War, Medicare,
changes in monetary policy rules and fluctuations in interest rates, Covid-19) and political
cycles have impacted fiscal deficits and the volatility of the public debt. Political frictions
have been largely overlooked, but are leading causes of time-inconsistency as well as potential
driving forces of debt accumulation and the business cycle.

In our DSGE framework the following basic ingredients configure the time-consistent pol-
icy: productivity shocks, physical capital accumulation and elastic labor supply, endogenous
taxation and government spending, internal and external public debt, and political cycles.
This rich economic environment suggests some policy trade-offs that are missing in some
other models. We present a positive theory of long-term public debt accumulation: the
steady-state debt dynamics are driven by the gap between the rate of time preference and
the interest rate. As this gap is most often overlooked in the economic modeling of fiscal
policy, we may observe paradoxical cases with either zero or positive government lending, or
with a continuum of steady-state debt values; e.g., Debortoli and Nunes (2013).

We study the economic effects and associated fiscal policy changes upon permanent shocks
in the interest rate and public spending. These fiscal transitions from trend brakes in the
interest rate and mandatory spending have reshaped the historical evolution of the U.S. na-
tional debt and those of other advanced economies, and should become of central importance
for future fiscal challenges. Therefore, our theoretical results can be informative to applied
work of the response of debt levels to interest rate risk, rare events, and other economic
shocks—through the various transmission channels. From a methodological standpoint, we
advance beyond traditional backward-looking methods on public debt sustainability through
general accounting exercises and historical data estimations which are usually less conclusive
about policy prescriptions.

We would like to draw a few basic lessons for the sustainability of the national debt.
First, our model shifts attention from the political cycle to other fundamental forces. The
national debt will stop growing if the interest rate premium goes over the rate of time
preference (e.g., Corollary 3.4). Advanced economies may benefit from low or negative
interest rates but could face increasing upward interest rate risks. Then, Central Banks and
related Global Institutions should aim at minimizing interest rate volatility. Prescriptions
like Mario Draghi’s “whatever it takes” could be useful in coordinating expectations toward
the stability of interest rates. Second, fiscal transitions to lower interest rates may entail
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front-loaded public spending and investment. In a scenario of time-consistent fiscal policy,
we may expect much less variation in long-term taxation and public spending. Fiscal policy
rules such as those of the Stability and Growth Pact have consistently failed to accommodate
fiscal transitions and large economic shocks. These rules may create distortionary taxation
uncertainty, and should be further qualified based on a deeper analysis of fiscal sustainability.
Rather than imposing upper bounds on national debts and budget deficits, our model points
at the debt service (interest payments), which remains constant across steady states as
we vary the interest rate. And third, the U.S. national debt is at a crossroads: expected
rising of future mandatory spending should be confronted with recent trends in interest
rates. These two countervailing forces are visible in our model. The steady-state level of
the national debt appears to be very sensitive to permanent changes in both the interest
rate and mandatory spending. Moreover, small-probability plausible shocks to the interest
rate had relatively little impact on both steady-state debt values and taxation, and would
be absorbed through fluctuations in the national debt. In contrast, small-probability large
shocks to public spending (e.g., a war, Covid-19, and other rear events) did have considerable
impact on steady-state debt values and taxation, and would call for precautionary policies
to avoid taxation volatility. Certainly, further quantitative research along these lines should
enlighten the political debate and prescribe future paths for fiscal policy.

Finally, there are no systematic studies of cyclical properties of fiscal policy in a DSGE
framework of time-consistent fiscal policy. The empirical evidence is inconclusive. There
are pronounced differences between advanced and developing economies in the managing of
short-run fiscal policy. In traditional Keynesian theory, fiscal policy must reduce macroeco-
nomic volatility. In our model, however, owing to the low distortionary effect associated with
adjusting income taxes in low-productivity states as a result of a tiny short-run elasticity
of capital supply and low labor productivity in a recession, the government may want to
levy taxes on factor income in a recession, while also resort to borrowing from international
lenders at the given external interest rate. Without the threat of default, taxation and
government spending will be procyclical. Several other factors and economic frictions may
revert the procyclicality of fiscal policy.

In the closed economy framework, debt issuance escalates the cost of borrowing, and
inadvertently suppresses private consumption. A less volatile income tax policy is most
desirable to balance public spending. The political cycle can increase the volatility of taxation
and government spending, and weaken the negative correlation of taxation with output;
moreover, government spending can become countercyclical. A political cycle in taxation
can be welfare improving: taxation uncertainty in capital returns and labor income may
increase the expected utility function of the representative consumer. A political cycle in
government spending may decrease consumer welfare because of the concavity of the utility
function over consumption uncertainty.
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Table 1: Data Sources.

Variables Definition Frequency Sources
τ Total tax receipts quarterly FRED
τk Capital income tax quarterly Fernandez-Villaverde et al. (2015)
τl Labor income tax quarterly Fernandez-Villaverde et al. (2015)
τc Consumption tax quarterly Fernandez-Villaverde et al. (2015)
G Total government spending quarterly FRED
Gm National defense quarterly FRED
Gtr Current transfer payments quarterly OECD
Ig Public investment quarterly FRED

h,mdr Health, Medicare spending quarterly FRED
Y GDP quarterly FRED
B Public debt quarterly FRED
P Party affiliation of the President quarterly U.S. House of Representative
iR Recession quarterly NBER

TFP Total factor productivity quarterly FRBSF
µ Unemployment rate quarterly FRED

CPI Consumer price index quarterly FRED
m Major military conflict quarterly U.S. Department of VA
Cm Congress majority quarterly U.S. Hose of Representative
Sm Senate majority quarterly U.S. Hose of Representative

U.S. data spans from 1950 to 2020. We use the political affiliation of the president or

ruling party to identify political color. The source of the party affiliation data for presidents,

congress, and senate majority is the History, Art and Archives section of the U.S. House of

Representatives. We obtain quarterly data from the Federal Reserve Economic Data (FRED)

for economic aggregates such as Gross Domestic Product (GDP), total tax receipts, current

transfer payments, defense spending, government investment, primary fiscal balance, interest

payment on public debt, contributions to government social insurance, the unemployment

rate, and the timing of economic recessions. Information on military conflicts is sourced

from the Department of Veterans Affairs. For tax data on consumption and capital and

labor income,1 we refer to Fernandez-Villaverde et al. (2015). Total Factor Productivity

(TFP) data is compiled by the Federal Reserve Bank of San Francisco (FRBSF) and can be

accessed at this link: https://www.frbsf.org/economic-research/indicators-data/total-factor-

1Effective tax rates are determined by consolidating all levels of government—state, local, and federal—
into a single general government sector. Consumption taxes, meanwhile, refer to the charges imposed on
the production and import of goods, with state and local property taxes excluded from this category, cf.,
Fernandez-Villaverde et al. (2015).
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productivity-tfp/.

For the remaining countries in our study, we gather annual data pertaining to overall gov-

ernment spending and total tax revenue (expressed as GDP ratios), and real GDP growth

from the World Bank. We extend the dataset of Vegh and Vuletin (2015) on the top marginal

income tax rate, corporate tax, and Value Added Tax (VAT) by incorporating recent data,

starting from 2014, obtained either from the Organization for Economic Co-operation and

Development (OECD) or from individual countries’ tax authorities. A meticulous compila-

tion of data on general elections and the political affiliations of ruling parties is based on

historical reports. Lastly, data on debt-to-GDP ratios and credit spreads originates from our

previous study, Feng and Santos (2022).

We have selected a group of advanced economies with stable two-party systems and

historically well-defined coalitions, as well as reliable long-time macroeconomic and fiscal

data. To further investigate the influence of the electoral switch in power on the conduct of

fiscal policy, we also include some highly indebted countries with democratic elections and

alternating parties: Costa Rica, Jamaica, Philippines, and Uruguay. We categorize these

economies based on their political systems as discussed below. From Table 2, the credit

spreads for external debt for the most advanced economies would be close to zero (or even

negative), while the credit spreads of those small developing economies may at times range

between 500 and 1,500 basis points, even for smaller debt levels.2

Presidential System In a Presidential System, the President, who is the head of state

and head of government, is chosen independently of the legislature, usually through direct

elections and majoritarian representation voting. Countries like Costa Rica, France, the

Philippines, South Korea, Uruguay, and the United States, fall under this category.

Parliamentary System In a Parliamentary System, the government is formed by the po-

litical party or coalition with most parliamentary seats. The head of the government, usually

entitled the Prime Minister, is typically the leader of the majority party or coalition. This

electoral system—in most cases based on proportional representation voting—has prevailed

in various countries such as Denmark, Finland, Jamaica, and Norway.

Mixed Presidential-Parliamentary System There are also countries with a Mixed

Presidential-Parliamentary System, which is also known as a semi-presidential system. The

2Specifically, lower-income countries experience significantly higher yields, averaging at 12.88%, in con-
trast to the more advanced economies within our sample, which average at 4.74%.
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Table 2: Public Debt as % of GDP: 1990-2019.

Country Total Debt mean r min r max r
Costa Rica 39.2 9.54 8.25 10.58
France 58.2 4.30 -0.23 10.17

Presidential Philippines 58.5 9.41 3.04 21.07
South Korea 31.2 4.20 1.39 7.76
Uruguay 54.2 5.76 2.89 13.03
U.S. 64.4 4.51 1.56 8.70
Denmark 56.3 4.37 -0.49 11.02

Parliamentary Finland 43.5 4.76 -0.25 13.37
Jamaica 94.8 26.81 22.51 30.50
Norway 45.6 4.89 1.09 10.83
Australia 20.1 5.82 1.10 13.56
Austria 63.9 4.21 -0.26 8.85
Netherlands 69.9 4.10 -0.38 9.13
New Zealand 37.6 5.95 1.28 12.74

Mixed Spain 53.7 5.61 0.23 14.75
Sweden 61.5 4.79 -0.17 13.44
U.K. 44.4 4.92 0.67 12.32

Federal Canada 83.9 4.75 1.06 11.14
Germany 58.9 3.94 -0.54 8.95

Notes: Available data for the government bond return r (measured as yield on 10-year
government bonds in USD) spans different periods for several countries. It includes data for
Costa Rica from 2016 to 2019, the Philippines from 1996 to 2019, Uruguay from 2003 to
2019, and Jamaica from 1992 to 1998. For all other countries, the database extends from
1990 to 2019.
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President coexists with a Prime Minister and a Cabinet. These latter two institutional bodies

would manage the legislature of the state, and ensure a balanced representation of ideolo-

gies in the country’s governance. This mixed presidential-parliamentary is characteristic of

various countries such as Australia, Austria, Netherlands, New Zealand, Spain, Sweden, and

the U.K.

Federal System The Federal System refers to a type of government in which power is di-

vided between a central (federal) government and regional (state or provincial) governments.

This type of system is observed in countries like Canada and Germany.

A.2 The Political Cycle for the U.S. Economy

U.S. Presidents and Fiscal Policy Traditionally, U.S. Presidents are allowed to carry

on their electoral agendas—raising taxes or enacting tax cuts based on their political and

economic principles. Besides, in practice they can dispose of various institutional and dis-

cretionary channels. As examples of presidential policy achievements, we have the creation

of the Medicare and Medicaid systems in the 1960s, the supply-side economics of President

Reagan, and the Covid-19 relief acts of Presidents Trump and Biden. Significant economic

events, including the Civil War, World War I, World War II, the Great Depression, the Great

Recession, and the Covid-19 pandemic have triggered unexpected, drastic changes in the tax

system led by the executive branch.

U.S. Presidents wield considerable authority to advance policy goals, including tax agen-

das, through executive actions, based on their political and economic principles and partisan

support. On July 30, 1965, President Johnson signed the Medicare and Medicaid Act into

law, also known as the Social Security Amendments of 1965, and thereby instituting two of

America’s most enduring social programs. The Social Security tax rate intermittently went

up along with the beneficiary base, escalating to 6.13% by 1979. President Ronald Reagan’s

Economic Recovery Tax Act of 1981 (ERTA) orchestrated the most significant tax cut in

American history. His Tax Reform Act of 1986 (TRA) marked the most comprehensive revi-

sion of the tax code since the 1950s. In an attempt to garner additional revenue and curtail

deficits, President George H. W. Bush assented to a compromise tax proposal in 1990—in

spite of his campaign vow of "no new taxes"—raising the top marginal tax bracket to 31%.

President Clinton added progressivity to the income tax in 1993 by establishing the 36% and

39.6% individual tax brackets, and slightly raising the corporate tax rate to 35%.

The Bush tax cut in 2001, a $1.35 trillion combined legislation, stands as the most re-
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cent significant tax reform. The main goals were to reduce individual income tax rates,

plan the repeal of the estate tax in 2010, and amplify the amount that employees could

contribute to retirement programs. The American Recovery and Reinvestment Act of 2009

(ARRA), signed into law by President Barack Obama, introduced and expanded several tax

credits, such as a $400 per worker payroll tax credit and an enlarged tax credit for college

tuition. President Trump’s Tax Cuts and Jobs Act in 2017 (TCJA) permanently reduced

corporate tax rates and temporarily lowered individual tax rates, while also repealing the

individual insurance mandate—a key provision of the Affordable Care Act (ACA). In March

2020, Congress passed the $2.2 trillion Coronavirus Aid, Relief, and Economic Security Act

(CARES) signed into law by President Trump. The purpose was to mitigate the economic

impact of the global coronavirus pandemic, offering direct benefits to furlough workers, fami-

lies with children, small businesses, independent contractors, gig workers, large corporations,

and the healthcare system.

Under President Biden’s administration, Congress enacted a series of acts to counteract

the impact of the Covid-19 pandemic on public health and the economy. On December

21, 2020, Congress sanctioned a $2.3 trillion funding package, which included a $900 billion

Covid-19 stimulus bill and a $1.4 trillion omnibus spending bill to finance the government

through September 30, 2021. The American Rescue Plan Act of 2021 (ARPA), a $1.9 trillion

initiative, was designed to expedite the U.S. recovery from the severe economic and health

ramifications of Covid-19.

Extensions of the Empirical Analysis for the U.S. Table 3 extends our regression

analysis by incorporating various components of aggregate taxation and public spending.

This empirical analysis confirms some claims made in the main body of the discussion. We

consider defense spending, public investment, government current transfer payments, health,

capital and labor income taxes, and consumption taxes, covering the time period from 1980

to 2019. Table 4 expands on the results featured in Table 2 of the paper by taking into

account the influence of the lagged value of political color up to 8 years. The coefficient

ζ1 signals the opposite effect to that of Section 2.3. This sign change reflects that political

parties seldom maintain power for over two consecutive terms (or 8 years). Consequently,

the current administration’s preferences would most likely diverge from those of the party

in power eight years ago.
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Table 3: Political Color and Fiscal Policy in the U.S.: 1980-2019.

Lag Variables Coefficient Std. err. t-value

Public spending -0.52 0.09 -5.97

Transfer payments 0.12 0.07 1.72

Defense -0.81 0.09 -9.55

0 Public investment -0.22 0.04 -5.56

Health 0.20 0.03 5.97

Capital tax 1.73 0.03 5.29

Labor tax 0.52 0.19 2.73

Consumption tax 0.04 0.05 0.86

Total tax receipts 0.80 0.14 5.86

Surplus/Deficit 0.40 0.14 2.78

Public spending -0.61 0.09 -6.85

Transfer payments 0.21 0.06 3.51

Defense -0.75 0.10 -7.82

1 Public investment -0.25 0.04 -6.02

Health 0.17 0.04 4.96

Capital tax 0.99 0.33 3.03

Labor tax 1.14 0.17 6.54

Consumption tax 0.21 0.05 4.50

Total tax receipts 1.12 0.13 8.52

Surplus/Deficit 0.51 0.15 3.31

Public spending -0.73 0.12 -6.27

Transfer payments 0.38 0.07 5.62

Defense -0.64 0.14 -4.72

2 Public investment -0.24 0.06 -4.25

Health 0.01 0.05 0.11

Capital tax 1.01 0.39 2.61

Labor tax 1.98 0.17 11.91

Consumption tax 0.01 0.05 0.21

Total tax receipts 1.08 0.18 5.90

Surplus/Deficit 0.56 0.20 2.78

Public spending -0.66 0.09 -7.44

Transfer payments 0.06 0.06 0.93

Defense -0.43 0.11 -3.79

3 Public investment -0.21 0.04 -4.84

Health -0.13 0.04 -3.37

Capital tax 0.002 0.32 0.01

Labor tax 1.24 0.16 7.75

Consumption tax -0.05 0.04 -1.18

Total tax receipts 0.32 0.16 2.02

Surplus/Deficit 0.30 0.16 1.85

Public spending -0.49 0.09 -5.47

Transfer payments -0.03 0.06 -0.55

Defense -0.25 0.12 -2.17

4 Public investment -0.15 0.04 -3.59

Health -0.09 0.04 -2.26

Capital tax -1.08 0.26 -4.11

Labor tax 0.71 0.16 4.29

Consumption tax -0.02 0.04 -0.49

Total tax receipts -0.27 0.15 -1.75

Surplus/Deficit 0.17 0.17 1.05

Notes: All regressions control for congressional majority, senate majority, military conflicts,
inflation, unemployment, and TFP growth.
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Table 4: Political Color and Fiscal Policy in the U.S.: 1980-2019.

Lag Variables Coefficient ζ1 t-value
Total government spending / GDP -0.08 -0.72

5 Total tax receipts / GDP -0.60 -3.76
Surplus or Deficit / GDP -0.004 -0.02

Public debt / GDP -2.93 -1.37
Total government spending / GDP 0.50 4.45

6 Total tax receipts / GDP -0.91 -5.73
Surplus or Deficit / GDP -0.10 -0.56

Public debt / GDP -9.02 -4.13
Total government spending / GDP 0.62 6.80

7 Total tax receipts / GDP -0.74 -5.19
Surplus or Deficit / GDP -0.13 -0.81

Public debt / GDP -10.67 -5.87
Total government spending / GDP 0.73 9.41

8 Total tax receipts / GDP -1.00 -8.00
Surplus or Deficit / GDP -0.26 -1.62

Public debt / GDP -13.78 -8.69

Notes: All regressions control for congressional majority, senate majority, military conflicts,
debt-to-GDP ratio, inflation, unemployment, and TFP growth.

A.3 Political Cycles in Selected Economies

We broaden this analysis to encompass a diverse set of nations with stable two-party systems

or historically well-established coalitions. We include a selection of advanced economies as

well as several highly indebted emerging countries, all of which run democratic elections and

witness alternations between ruling parties. To recognize the influence of the political system

on the political cycle we assemble these countries into the following groups: Presidential,

Parliamentary, Mixed Presidential-Parliamentary, and Federal as discussed in section A.1.

Political Cycles in these Major Advanced Economies Table 5 delineates the influ-

ence of the affiliations of a President, Prime Minister, or Chancellor on total government

spending and taxation across the range of selected economies. Table 6 shows the impact

of political ideology on statutory changes for income and corporate taxes. We expand the

dataset of Vegh and Vuletin (2015) for these changes in tax regulations.

Among the 19 countries sampled, more than two-thirds exhibited a significant correla-

tion between political ideology and either government spending or overall taxation. These

political cycles are more pronounced in Presidential systems (using majoritarian electoral
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systems), and more tenuous in Parliamentary electoral systems (often backed up by repre-

sentation voting), and developing countries. Most of these effects commence in the year when

new leaders assume their offices. For these nations, governments with liberal ideologies tend

to correlate with reduced public spending and increased taxes, mirroring the U.S. pattern.

However, there are a few exceptions. In Austria, France, and Spain, left-wing Presidents

or Prime Ministers are associated with increased spending. Furthermore, in Germany, Nor-

way, South Korea, and Jamaica, left-wing governments demonstrate a preference for reduced

taxation.

Again, Table 6 confirms that most liberal or left-wing parties are associated with increases

in income taxation. But Philippines, South Korea, Norway, the U.K., and Germany display

significant negative ζ1-coefficients.

B Equilibrium Properties of the Baseline Economy

B.1 External Debt

In a two-panel diagram for the given average TFP value, Figure 1 portrays the impact of

bond holdings B and the capital stock K on the optimal policy and household decisions.

From the left panel, as B increases, the tax rate τ and future debt B+ will also go up to

generate sufficient revenue for the government to meet its debt obligations. A higher τ ,

however, will push down the labor supply L and investment I—causing private consumption

C and public consumption G to decline as resources flow out of the country. The bond price

q is determined by international lenders and remains fixed since the sovereign must meet the

borrowing limit and is not allowed to default in the present context.

From the right panel, as K increases, most decision variables, except for L, will rise. A

larger K enables the sovereign to collect more revenue from taxes without distorting the

economy as much, since capital taxation is non-distortionary from the perspective of the

current planner. But L still decreases due to the wealth effect and the higher τ .
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Table 5: Political Color and Fiscal Policies:1980-2019.

Country Variables Coefficient ζ1 t-value

Presidential

Total government spending / GDP 0.52 0.52
Costa Rica Total tax receipts / GDP 0.74 2.47

Total government spending / GDP 0.55 2.09
France Total tax receipts/ GDP 0.31 1.14

Total government spending/ GDP -0.04 -0.11
Philippines Total tax receipts / GDP -0.58 -1.65

Total government spending / GDP -0.39 -1.87
South Korea Total tax receipts / GDP 0.49 2.56

Total government spending / GDP 0.12 0.38
Uruguay Total tax receipts / GDP 0.003 0.01

Total government spending / GDP -0.52 -5.97
U.S. Total tax receipts / GDP 0.78 5.86

Parliamentary

Total government spending / GDP 0.31 0.88
Denmark Total tax receipts / GDP -0.18 -0.45

Total government spending / GDP -3.81 -2.73
Finland Total tax receipts / GDP -0.10 -0.25

Total government spending / GDP -0.17 -0.28
Jamaica Total tax receipts / GDP -0.86 -2.04

Total government spending / GDP -0.49 -1.20
Norway Total tax receipts / GDP 0.49 0.65

Mixed

Total government spending / GDP 0.33 1.78
Australia Total tax receipts / GDP -0.30 -0.69

Total government spending / GDP 0.37 2.23
Austria Total tax receipts / GDP -1.55 -1.84

Total government spending / GDP -0.68 -2.73
New Zealand Total tax receipts / GDP 0.58 0.93

Total government spending / GDP 0.39 0.92
Netherlands Total tax receipts / GDP 1.75 4.76

Total government spending / GDP 0.67 3.17
Spain Total tax receipts / GDP -0.71 -1.79

Total government spending / GDP -0.67 -1.43
Sweden Total tax receipts / GDP 1.09 1.17

Total government spending / GDP -0.77 -1.64
U.K. Total tax receipts / GDP 0.53 1.88

Federal

Total government spending / GDP -0.49 -1.38
Canada Total tax receipts / GDP 1.01 2.14

Total government spending / GDP -0.49 -3.04
Germany Total tax receipts / GDP -0.30 -1.84

Notes: All regressions control for GDP growth. Annual data. See Appendix A.1 for defini-
tions and data sources.
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Table 6: Political Color and Statutory Tax Rates:1980-2019.

Country Variables Coefficient ζ1 t-value

Presidential

Income tax 5.56 2.86
Costa Rica Corporate tax 4.58 2.62

Income tax 5.43 3.28
France Corporate tax -0.18 -0.16

Income tax -3.39 -1.47
Philippines Corporate tax -0.75 -1.96

Income tax -3.08 -2.28
South Korea Corporate tax 0.53 0.84

Income tax 0.97 0.34
Uruguay Corporate tax -0.51 -0.68

Income tax 3.59 1.39
U.S. Corporate tax 0.74 0.61

Parliamentary

Income tax 2.83 0.82
Denmark Corporate tax -2.23 -1.44

Income tax 1.36 1.84
Finland Corporate tax 2.60 1.85

Income tax -2.03 -1.56
Jamaica Corporate tax -1.02 -1.06

Income tax -14.42 -3.01
Norway Corporate tax 0.56 2.01

Mixed

Income tax -0.93 -0.86
Australia Corporate tax 0.13 0.14

Income tax 0.26 0.17
Austria Corporate tax -1.34 -0.58

Income tax 5.97 2.41
New Zealand Corporate tax 1.67 1.37

Income tax -1.12 -0.66
Spain Corporate tax -0.74 -1.92

Income tax -1.73 -0.68
Sweden Corporate tax 1.76 0.91

Income tax -5.34 -2.36
U.K. Corporate tax 0.99 0.85

Federal

Income tax 0.77 0.96
Canada Corporate tax 1.26 2.38

Income tax -1.59 -2.02
Germany Corporate tax -1.99 -1.14

Notes: All regressions control for GDP growth. Annual data. See Appendix A.1 for defini-
tions and data sources.
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Figure 1: Equilibrium Policy Functions in the Baseline Economy. External Debt.
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B.2 Internal Debt

Figures 2 and 3 presents the equilibrium functions, which encapsulate the multifaceted trade-

offs the government must consider. These include tax smoothing, ensuring debt sustainability,

manipulation of bond prices, and striking a delicate balance between public and private con-

sumption.

Asset/Debt limits We dismiss the possibility of a negative tax, equivalent to a subsidy,

which could potentially enable the government to implement Pareto allocations [c.f. Aiyagari

et al. (2002)]. This immediately indicates that the asset limit is characterized by τt = 0 (as

seen in the upper left panel of Figure 3a), and its absolute value escalates with capital stocks

(observe the lower bound of the feasible set for B in Figure 2). The upper bound of the set

Ω represents the maximum sustainable debt limit, as delineated in equation (10). As the

capital stock grows, this limit expands; a larger physical capital base results in increased

output. Consequently, this amplifies the taxable income base, leading to a more substantial

primary surplus.
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Figure 2: Endogenous Set of Sustainable Asset/Debt.

0 0.1 0.2 0.3 0.4 0.5 0.6

K

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5
B

Note: The dense area signifies a higher concentration of endogenous grid points, which are
employed to improve computational accuracy in relation to kinks found in policy and value
functions. Kinks arise when the economy transitions from a government possessing assets
to one burdened with debt, potentially causing inaccuracies or instabilities in the numerical
solution.

Equilibrium functions at given K: In a context of fixed capital stock and total factor

productivity (TFP ) shock, bond issuance B+ displays a positive correlation with the value

of B. As the capital stock escalates, the bond function steepens and intersects the 45o line

at a reduced value. This suggests that the government will amass more assets over time.

The value function, given a specific K, demonstrates a bell-curve shape concerning B,

encapsulating the trade-offs between consumption and labor (C and L), as well as consump-

tion and government spending (C and G). With the increase of B, the government’s assets

diminish, while household debt rises.

Figure 3a presents the policy functions in relation to B, given predetermined values of

TFP and capital stock. As B ascends from its lower bound, the government asset declines.
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The bond price (q) initially drops due to increased public spending and a reduction in private

consumption. This drop elevates the interest rate, enabling the government to accumulate

more interest income from their asset holdings, all while maintaining a zero tax rate–a

manifestation of the balance between tax smoothing and interest rate manipulation.

This downward trajectory of the bond price imposes higher borrowing costs on house-

holds, necessitating an initial increase in labor supply, even with a zero tax rate. The bond

price bottoms out as public spending peaks, signaling the government’s need to balance

private and public consumption.

The ability to manipulate bond prices also molds the tax function. In the context of ex-

ternal debt, the tax rate consistently increases with the level of debt. Conversely, in models

with internal debt, the tax rate declines with the debt level once it has peaked near zero

debt level. This reduced tax rate leaves consumers with more room for private consump-

tion. At the same time, bond prices rise, hitting their maximum value when government

debt reaches its upper limit. The government attempts to minimize tax distortions via the

inflation of bond prices, even if it risks reducing tax revenue and potentially jeopardizing

debt sustainability.

In contrast to external debt, internal debt transforms into an asset for households, im-

plying that higher consumption is associated with larger initial government debt. Public

consumption peaks as B expands due to the balancing act between consumption (c) and

government spending (G), which occurs concurrently with an increase in the government’s

debt obligations. This will subsequently boosts the bond price, thereby enabling the govern-

ment to finance its debt payments more efficiently.
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Figure 3: Equilibrium Policy Functions in the Baseline Economy. Internal Debt.
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Determinants of long-term debt level In the paper, we establish several theorems

that provide necessary and sufficient conditions under which a sovereign may desire to issue

external debt at the steady-state solution. We then analyze the fiscal policy response to both

a permanent lowering of the interest rate and a permanent increase in mandatory spending.

To illustrate these long-term trade-offs between debt, distortionary taxation, and public

spending, we conduct numerical analyses.

For models with internal debt, the key factor determining the government’s incentive to

accumulate debt is the difference between the government’s and households’ discount factors.

A less patient government is more likely to issue debt to achieve smoothing of both private

and public consumption. In this case, the ensuing rise in tax distortion associated with

future tax hikes associated with debt serving matters less due to higher discounting.

Table 7 below presents simulated results where we fixed the households’ annual discount

factor at 0.975 while adjusting the government’s discount factor. As the government’s dis-

count factor increases from 0.90 to 0.972, the long-term debt-to-GDP ratio declines from

0.592 to 0.041. When the government’s discount factor approaches that of households, it

begins to accumulate assets. This reflects the government’s incentive to minimize long-term

tax distortions by reducing debt and saving whenever possible.
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Table 7: Government’s Discount Factor and Debt Accumulation.

β B
Y

C
Y

G
Y

K Y τ
0.90 0.592 0.532 0.270 0.508 0.182 0.404
0.91 0.587 0.537 0.264 0.516 0.184 0.397
0.92 0.582 0.538 0.261 0.520 0.185 0.393
0.93 0.577 0.546 0.249 0.536 0.188 0.378
0.94 0.566 0.564 0.231 0.548 0.189 0.356
0.95 0.560 0.572 0.220 0.560 0.192 0.341
0.97 0.342 0.580 0.207 0.592 0.199 0.303
0.972 0.041 0.563 0.224 0.616 0.207 0.289
0.974 -0.554 0.535 0.247 0.684 0.226 0.250

Note: The annualized discount factor for the household is fixed at 0.975.

C Taxation and Macroeconomic Dynamics

In this section, we explore the potential variations in optimal tax and debt policies based on

the available tax instruments. In our baseline model, the government employs a comprehen-

sive income tax. Here we present an alternative scenario where only labor income is subject

to taxation.

The economy with external debt Tables 8 and 9 present the results derived from

a model focused on external debt. When the government’s tax access is confined solely

to labor income, the economic dynamics largely mirror the baseline model, where total

income is taxed. This resemblance is attributed to labor income acting as the dominant

tax revenue source, accounting for over two-thirds of total income. Moreover, the labor tax

proves slightly more distortive than the total income tax because the government loses the

flexibility to tap into the less distortive capital income, which leads to a stronger reliance

on external borrowing. Conversely, the economy accumulates more physical capital, and

total output increases, given the absence of distortions affecting households’ inter-temporal

decisions. This provides with larger tax base and hence reduces the need for debt financing.

Overall, the debt-to-GDP ratio declines slightly.

Next, we adjust the risk aversion parameters related to private consumption and the

elasticity of labor supply, discovering their significant impacts on fiscal policies, see Tables 9

and 10. This elasticity is crucial as it measures household responses to tax changes, thereby

reflecting the degree of economic distortion. Notably, a higher value of η indicates a less

elastic labor supply. With decreased elasticity, the distortion costs diminish, resulting in

increased labor supply and lower labor income tax rates, which in turn boost tax revenues.
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This escalation in tax revenue enables the government to issue less external debt.

As households exhibit greater risk aversion (represented by a higher value of σ), stronger

precautionary saving motives leads to an increase in capital accumulation, which induces

rising labor supply and total output. This expansion of the tax base facilitates a reduction

in tax rates. Given that preference for public spending is fixed, heightened risk aversion

towards private consumption leads to a lower G/Y ratio, as well as lower government debt

accumulation.

Interestingly, we observe that the volatility of the labor tax rate does not follow a mono-

tonic relationship with risk aversion, echoing findings by Chari, Christiano, and Kehoe

(1994). Furthermore, with more curvature in the utility function, or more curvature in

the production function, the tax rate fluctuates less and becomes less procyclical.
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Table 8: Macroeconomic Volatility. External Debt.

Y I C L τ G/Y B/Y

Volatility

Income tax (σ = 1.0, η = 0.32) 1.77 5.27 4.06 0.65 2.38 4.69 1.70
σ = 1.0 1.65 4.18 3.72 0.81 2.05 5.85 0.63

L tax σ = 2.0 0.32 3.01 1.70 1.04 1.50 3.18 0.68
σ = 3.0 0.30 3.51 1.02 1.51 4.00 3.31 1.26
η = 0.22 2.14 4.90 4.58 1.21 2.66 8.60 1.13

L tax η = 0.32 1.65 4.18 3.72 0.81 2.05 5.85 0.63
η = 0.42 0.50 1.91 1.89 0.33 0.51 6.39 0.57

Mean

Income tax (σ = 1.0, η = 0.32) 0.17 0.05 0.10 0.23 0.37 0.18 0.76
σ = 1.0 0.18 0.04 0.10 0.21 0.43 0.15 0.72

L tax σ = 2.0 0.46 0.11 0.31 0.55 0.24 0.11 0.28
σ = 3.0 0.63 0.15 0.46 0.76 0.17 0.08 0.18
η = 0.22 0.16 0.04 0.08 0.18 0.45 0.12 0.82

L tax η = 0.32 0.18 0.04 0.10 0.21 0.43 0.15 0.72
η = 0.42 0.20 0.04 0.11 0.25 0.42 0.19 0.65

Note: The reported volatility is measured as the standard deviation, normalized by the mean
value of each variable.

The economy with internal debt Tables 12 and 13 present the results derived from

a model focused on internal debt. When the government’s tax access is confined solely to

labor income, the economic dynamics largely mirror the baseline model, where total income

is taxed.

Next, we explore the impact of further changes in the inter-temporal elasticity of substi-

tution for consumption, and the elasticity of the labor supply, as proxied by parameters σ,

and η, respectively, see Tables 14 and 15.

An increase in σ, or a lowering of the inter-temporal elasticity for private consumption, is

Table 9: Correlation of some Economic Aggregates with GDP. External Debt.

I C L τ G/Y B/Y

Correlation

Data 0.99 0.99 0.89 -0.70 -0.83 0.95
Income tax 0.94 0.99 0.35 -0.87 0.91 0.04

σ = 1.0 0.95 0.99 0.75 -0.96 0.98 -0.01
L tax σ = 2.0 0.77 0.92 -0.96 -0.81 0.89 -0.31

σ = 3.0 0.48 0.43 -0.45 0.52 0.34 0.77
η = 0.22 0.97 0.99 0.83 -0.97 0.98 -0.09

L tax η = 0.32 0.95 0.99 0.75 -0.96 0.98 -0.01
η = 0.42 0.86 0.97 0.38 -0.18 0.94 0.01
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Table 10: Macroeconomic Volatility. External Debt with Income Tax.

Y I C L τ G/Y B/Y

Volatility

σ = 1.0 1.77 5.27 4.06 0.65 2.38 4.69 1.70
σ = 1.5 0.12 0.51 0.22 0.12 0.64 0.32 0.49
σ = 2.0 0.14 0.23 0.28 0.32 0.42 0.40 0.52
η = 0.22 0.15 0.74 0.45 0.45 0.67 1.07 0.73
η = 0.32 1.77 5.27 4.06 0.65 2.38 4.69 1.70
η = 0.42 0.15 1.02 0.28 0.33 0.55 0.66 0.60
γg = 0.37 0.12 0.91 0.26 0.36 0.76 0.75 0.64
γg = 0.52 1.77 5.27 4.06 0.65 2.38 4.69 1.70
γg = 0.37 0.15 0.81 0.40 0.39 0.50 0.85 0.66

Mean

σ = 1.0 0.17 0.05 0.10 0.23 0.37 0.18 0.76
σ = 1.5 0.32 0.07 0.21 0.42 0.24 0.14 0.40
σ = 2.0 0.44 0.10 0.31 0.56 0.19 0.11 0.29
η = 0.22 0.15 0.03 0.08 0.19 0.38 0.15 0.86
η = 0.32 0.17 0.05 0.10 0.23 0.37 0.18 0.76
η = 0.42 0.18 0.03 0.11 0.26 0.37 0.21 0.69
γg = 0.37 0.17 0.03 0.10 0.23 0.33 0.15 0.74
γg = 0.52 0.17 0.05 0.10 0.23 0.37 0.18 0.76
γg = 0.67 0.16 0.03 0.09 0.23 0.39 0.21 0.77

Note: The reported volatility is measured as the standard deviation, normalized by the mean
value of each variable.

Table 11: Correlation of some Economic Aggregates with GDP. External Debt with Income
Tax.

I C L τ G/Y B/Y

Correlation

Data 0.99 0.99 0.89 -0.70 -0.83 0.95
σ = 1.0 0.94 0.99 0.35 -0.87 0.91 0.04
σ = 1.5 0.74 0.98 -0.36 -0.73 0.93 -0.75
σ = 2.0 0.52 0.99 -0.97 -0.62 0.98 -0.85
η = 0.22 0.11 0.86 -0.30 0.06 -0.16 0.37
η = 0.32 0.94 0.99 0.35 -0.87 0.91 0.04
η = 0.42 -0.63 0.99 -0.76 0.62 -0.74 0.81
γg = 0.37 -0.12 0.92 -0.34 0.18 -0.23 0.42
γg = 0.52 0.94 0.99 0.35 -0.87 0.91 0.04
γg = 0.37 -0.47 0.96 -0.68 0.51 -0.59 0.73
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Table 12: Macroeconomic Volatility. Internal Debt.

Y I C L τ G/Y B/Y q

Volatility

Income tax (σ = 1.0, η = 0.32) 1.52 3.71 2.37 0.64 0.46 2.04 0.14 0.50
σ = 1.0 0.42 0.30 0.09 0.50 0.44 1.11 1.87 0.04

L tax σ = 1.5 0.30 0.47 0.11 0.12 0.16 0.73 1.75 0.16
σ = 2.0 0.13 0.78 0.09 0.49 0.09 0.37 1.73 0.17
η = 0.22 0.28 0.11 0.15 0.47 0.27 1.39 1.96 0.11

L tax η = 0.32 0.42 0.30 0.09 0.50 0.44 1.11 1.87 0.04
η = 0.42 0.34 0.15 0.05 0.37 0.37 0.92 1.88 0.02

Mean

Income tax (σ = 1.0, η = 0.32) 0.18 0.04 0.11 0.21 0.35 0.20 0.57 0.96
σ = 1.0 0.20 0.05 0.11 0.23 0.37 0.20 0.54 0.97

L tax σ = 1.5 0.43 0.12 0.14 0.48 0.64 0.43 -0.24 0.99
σ = 2.0 0.57 0.13 0.12 0.71 0.87 0.59 -0.17 0.99
η = 0.22 0.19 0.06 0.10 0.20 0.35 0.18 0.57 0.98

L tax η = 0.32 0.20 0.05 0.11 0.23 0.37 0.20 0.54 0.97
η = 0.42 0.22 0.05 0.13 0.27 0.36 0.23 0.50 0.97

Note: The reported volatility is measured as the standard deviation, normalized by the mean
value of each variable.

associated with a smaller debt-to-GDP ratio, a smaller and less volatile tax rate, translating

into greater and less volatile total output, investment, and the labor supply.

An increase in η, or a lowering of the elasticity of the labor supply, has roughly the

same qualitative effects as the increase in σ, but in this case those effects are much smaller.

Moreover, as we increase η, taxation may become countercyclical.

Roughly, these changes in parameter values have similar qualitative effects in both debt

scenarios, but result in greater quantitative impacts in the economy with external debt.

Table 13: Correlation of some Economic Aggregates with GDP. Internal Debt.

I C L τ G/Y B/Y q

Correlation

Data 0.99 0.99 0.89 -0.70 -0.83 0.95 -0.77
Income tax 0.95 0.99 0.86 -0.81 0.93 -0.10 0.96

σ = 1.0 0.95 0.39 0.99 -0.99 0.99 -0.97 -0.55
L tax σ = 1.5 -0.92 0.99 -0.65 0.94 0.99 -0.99 0.99

σ = 2.0 -0.72 0.96 -0.84 0.86 0.84 -0.89 0.96
η = 0.22 0.59 -0.95 0.99 -0.97 0.99 -0.98 -0.97

L tax η = 0.32 0.95 0.39 0.99 -0.99 0.99 -0.97 -0.55
η = 0.42 0.87 0.77 0.99 -0.99 0.99 -0.97 -0.62
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Table 14: Macroeconomic Volatility. Internal Debt with Income Tax.

Y I C L τ G/Y B/Y

Volatility

σ = 1.0 1.52 3.71 2.37 0.64 0.46 2.04 0.14
σ = 1.5 0.23 1.12 0.02 0.94 1.09 0.29 1.29
σ = 2.0 0.25 1.21 0.02 0.86 0.81 0.28 1.43
η = 0.22 0.68 0.59 0.35 0.57 0.57 0.86 2.07
η = 0.32 1.52 3.71 2.37 0.64 0.46 2.04 0.14
η = 0.42 0.52 0.30 0.29 0.35 0.52 0.50 1.81
γg = 0.37 0.53 0.49 0.31 0.43 0.70 0.58 2.13
γg = 0.52 1.52 3.71 2.37 0.64 0.46 2.04 0.14
γg = 0.37 0.56 0.34 0.25 0.44 0.42 0.73 1.86

Mean

σ = 1.0 0.18 0.04 0.11 0.21 0.35 0.20 0.57
σ = 1.5 0.40 0.10 0.18 0.47 0.46 0.34 0.27
σ = 2.0 0.40 0.09 0.15 0.49 0.51 0.39 0.21
η = 0.22 0.17 0.04 0.09 0.20 0.37 0.22 0.64
η = 0.32 0.18 0.04 0.11 0.21 0.35 0.20 0.57
η = 0.42 0.20 0.04 0.12 0.27 0.37 0.27 0.53
γg = 0.37 0.19 0.05 0.11 0.24 0.33 0.21 0.55
γg = 0.52 0.18 0.04 0.11 0.21 0.35 0.20 0.57
γg = 0.67 0.18 0.04 0.10 0.23 0.39 0.26 0.58

Note: The reported volatility is measured as the standard deviation, normalized by the mean
value of each variable.

Table 15: Correlation of some Economic Aggregates with GDP. Internal Debt with Income
Tax.

I C L τ G/Y B/Y q

Correlation

Data 0.99 0.99 0.89 -0.70 -0.83 0.95 -0.77
σ = 1.0 0.95 0.99 0.86 -0.81 0.93 -0.10 0.96
σ = 1.5 0.99 -0.98 0.99 -0.99 -0.99 -0.99 -0.98
σ = 2.0 0.97 0.09 0.94 -0.92 -0.88 -0.99 0.31
η = 0.22 0.99 0.96 0.99 -0.99 0.99 -0.97 0.89
η = 0.32 0.95 0.99 0.86 -0.81 0.93 -0.10 0.96
η = 0.42 0.96 0.98 0.99 -0.99 0.99 -0.97 0.96
γg = 0.37 0.98 0.98 0.99 -0.99 0.99 -0.95 0.91
γg = 0.52 0.95 0.99 0.86 -0.81 0.93 -0.10 0.96
γg = 0.67 0.96 0.97 0.99 -0.99 0.99 -0.98 0.93
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The economy with both τk and τl We consider a version of extended baseline model,

which incorporates both capital and labor income taxes. For the model with internal debt,

a Markov Perfect Equilibrium (MPE) represents an optimal solution to the following opti-

mization program:

(P-t)

V (A,K,B) = max
{c,l,k+,τk,τl,G,B+}

{
U(c,G)− h(l) + βg · EV (A+,K+, B+)

}
(1)

subject to

c+ k+ + q ·B+ ≤ B − τk(1− q)B + [1 + (1− τk) · (r − δ)] · k + (1− τl) · w · l (2)

G+B − τk · [(r − δ) ·K + (1− q(µ)) ·B]− τl · w · l − q(µ) ·B+ = 0 (3)

(1− τl) · w · Uc (c,G)− hl(l) = 0 (4)

Uc (c,G)− βh · EUc (c+, G+) · [1 + (1− τk+(µ+)) · (r+ − δ)] = 0 (5)

q(µ) · Uc = βh · E
{
[1− τk+(µ+) · (1− q+(µ+))] · Uc+

}
(6)

B+ ∈ Ω (A+,K+) (7)

Tables 16 and 17 present results compared with those of Klein and Rios-Rull (2003),

which is the closest comparable study in the literature, albeit one without government debt

in its model.

The government’s ability to levy capital income tax leads to significantly higher tax rates

on capital, reflecting both the inelastic nature of sunk capital and the time inconsistency

issue associated with capital taxation. However, the outcomes differ based on the debt

structure. In the model with internal debt, where capital tax applies to bond returns for

domestic households, the tax rate converges to zero over time. This decrease in capital tax

has notable effects: it increases the bond price and reduces the government’s borrowing costs,

see equation (6). In contrast, in the model with external debt, the bond price remains fixed

and independent of the tax rate.
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Table 16: Macroeconomic Volatility.

Y I C L τk τl G/Y B/Y

Volatility
External Debt, Income tax 1.77 5.27 4.06 0.65 2.38 2.38 4.69 1.70
External debt, τk and τl 1.14 4.30 2.11 0.43 0.77 14.77 3.63 11.05
Internal debt, τk and τl 0.69 1.51 2.15 1.05 2.40 1.89 3.14

Klein and Rios-Rull (2003), no debt 13.8 19.17

Mean
External Debt, Income tax 0.17 0.05 0.10 0.23 0.37 0.37 0.18 0.76
External debt, τk and τl 0.15 0.015 0.096 0.282 0.999 0.054 0.252 0.301
Internal debt, τk and τl 0.24 0.08 0.11 0.24 0 0.46 0.25 2.87

Klein and Rios-Rull (2003), no debt 0.650 0.120

Note: The reported volatility is measured as the standard deviation, normalized by the mean
value of each variable.

Table 17: Correlation of some Economic Aggregates with GDP.

I C L τk τl G/Y B/Y q

Correlation

Data 0.99 0.99 0.89 0.17 -0.08 -0.83 0.95 -0.77
External Debt, Income tax 0.99 0.99 0.89 -0.70 -0.70 -0.83 0.95 0.96
External debt, τk and τl 0.79 0.86 0.04 0.11 0.58 0.61 0.78 0.81
Internal debt, τk and τl 0.45 0.78 0.72 -0.74 0.27 -0.64 -0.23

Klein and Rios-Rull (2003), no debt -0.80 0.54
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Computational notes: We now provide technical details regarding the solution to the

problem (P-t) specified above. At specified values of {A,K,B;K+, B+, τk}, and using the

policy function from the previous iteration, we can determine the endogenous variables as

follows:

• Solve for consumption (c) using the household’s Euler equation (5).

• Determine the price of bonds (q) via the first-order condition (FOC) for bond purchase

(6).

Next, we incorporate the government’s budget constraint into the aggregate resource con-

straint to derive the following equation:

c+ [k+ − (1− δ) · k] + {τk · [(r − δ) · k + (1− q) ·B] + τl · w · l + q ·B+ −B} = A · kα · l1−α

We then apply these equilibrium conditions to the equation above:

r = A · α · kα−1 · l1−α

w = A · (1− α) · kα · l−α

(1− τl) · w · uc = hl

This results in a nonlinear equation with respect to labor (l):

γl·c·l1+χ+α·(1−τk)·A·kα·l1−α+{τk · [δ · k + (1− q) ·B]− c− [k+ − (1− δ) · k] + q ·B+ −B} = 0

Note that this incorporates the functional form of the utility function. To analytically solve

for l, we assume that (1 + χ) = 2(1− α).
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