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Abstract

We develop a model of government portfolio choice in which a benevolent government
chooses the scale of risky projects in the presence of market failures and tax distortions.
These two frictions generate motives to manage social risk and fiscal risk. Social risk man-
agement makes attractive programs that ameliorate market failures in bad economic times.
Fiscal risk management makes unattractive programs that entail large government outlays
at times when other programs in the government’s portfolio also require large outlays. We
characterize the determinants of social and fiscal risk and argue that these two risk man-
agement motives often conflict. Using the model, we explore how the attractiveness of
different financial stability programs varies with the government’s fiscal burden and with

characteristics of the economy.
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1 Introduction

In modern economies, a significant fraction of economy-wide risk is borne indirectly by taxpayers
via the government. Governments have significant explicit and implicit liabilities associated
with retirement benefits, social insurance programs, and financial system backstops. These
liabilities are large: the amount of credit risk explicitly recognized on the U.S. government
balance sheet exceeds $3 trillion, while off-balance sheet guarantees of mortgage-backed securities
account for another $7 trillion. Moreover, the risk associated with the government’s liabilities
is not idiosyncratic but varies systematically with macroeconomic conditions. For example,
during the financial crisis, total off-balance sheet financial system backstops rose to more than
$6 trillion (Geithner [2014]). And, the U.S. debt-to-GDP ratio rose from 38% to 72% between
2007 and 2013 due to falling tax revenue and increasing expenditures on government programs
that automatically expand during recessions (McKay and Reis [2016]).

Given the magnitude of these exposures, the portfolio choices made by the government—the
set of risks it chooses to bear and the way it manages those risks—are of great importance. A vast
literature in public economics studies the costs and benefits of individual government programs
such as unemployment insurance and social security (Baily [1978], Chetty [2006]). An equally
vast literature studies optimal government financing policies that minimize costly distortions,
holding fixed the set of programs the government undertakes (Ramsey [1927], Diamond and
Mirrlees [1971], Mirrlees [1971], Barro [1979]). In this paper, we bridge the gap between these two
literatures, emphasizing the ways that government financing frictions impact the set of projects
the government should undertake. The result is a flexible framework for conducting cost-benefit
analysis in a dynamic, stochastic environment, where the government faces financing frictions.

In our model, a benevolent government chooses the scale of a program—designed to correct a
specific market failure—whose social benefits and fiscal costs vary randomly over time and across
states of the world. Our setup departs from the frictionless benchmark, where the government
is a veil for taxpayers, in two critical ways. First, we assume that government programs can
generate social benefits that private actors cannot generate on their own. We think of these
benefits as arising from a variety of microfoundations: the government has a number of unique
technologies for addressing market failures. For instance, it may use price or quantity regulations
to correct technological externalities (Weitzman [1974]) or pecuniary externalities in incomplete
markets (Greenwald and Stiglitz [1986]), enforce contributions to address free-rider problems in
the provision of public goods (Samuelson [1954]), or mandate participation to address market-
unravelling issues (Rothschild and Stiglitz [1976]). Because we take a portfolio view of the

government’s problem, we model the net social benefits of individual programs in reduced form,



abstracting from these diverse microfoundations. The second key departure from the frictionless
benchmark is that we assume that taxation is distortionary and creates deadweight efficiency
losses (Ramsey [1927], Diamond and Mirrlees [1971], Mirrlees [1971], Saez [2001]). As a result,
each dollar of tax revenue the government raises costs society more than a dollar in pre-tax
resources, an additional cost that is common across all programs in the government’s portfolio.

These two key frictions drive a rich set of intuitions, giving government cost-benefit analysis
the flavor of a classic portfolio choice problem (Markowitz [1952], Tobin [1958], Sharpe [1964],
Linter [1965]). A first key insight is that programs cannot be judged in isolation. In particular,
the government has two risk management motives, which depend on the other programs in the
government’s portfolio. First, the fact that taxation is distortionary gives rise to a “fiscal risk
management” motive: programs requiring large government outlays in states of the world where
other government spending is elevated are unattractive. The distortionary costs of taxation
push towards fiscal conservatism, effectively making the government more risk averse than the
taxpayers it represents and raising the hurdle that needs to be cleared before the government
undertakes a candidate program.

Second, there is a “social risk management” motive: when households are risk averse, pro-
grams that generate large net benefits in recessions, when household marginal utility is high, are
attractive. An important subtlety that arises here is that the government cannot take house-
hold marginal utility as given: by operating large programs, the government affects aggregate
consumption and thus household marginal utility. We use the model to provide a taxonomy
of government programs that groups them based on their social and fiscal risk characteristics.
This taxonomy provides a simple way to categorize any government program and to assess how
considerations of social and fiscal risk should impact program scale.

A second key insight to emerge from the model is that the government’s need to manage
fiscal risk often limits its capacity for managing social risk. Indeed, we show the social and
fiscal risk management motives typically pull in opposite directions as we vary the parameters
of the economy or the program under consideration. For example, an increase in the volatility of
exogenous private income makes deposit insurance more attractive from a social risk management
standpoint: the value of preventing bank runs in bad times increases as marginal utility becomes
more volatile. However, an increase in the volatility of private income also raises the volatility of
tax rates, increasing fiscal risk. This reduces the attractiveness of an expansive deposit insurance
regime. Since social risk and fiscal risk management considerations pull in opposite directions,
the overall effect of an increase in volatility of private income is ambiguous in our model.

We illustrate this idea by fully solving a numerical example with a single government pro-

gram: deposit insurance. In the example, deposit insurance is a social hedge, albeit one that



is fiscally risky: we assume it generates large social benefits, raising output during recessions
by preventing bank runs. However, deposit insurance also involves potentially large government
outlays in the event of a severe recession. The example highlights how the government’s two risk
management motives come into conflict. Because deposit insurance involves large government
outlays and hence greater tax distortions in bad times, it creates additional fiscal risk. This re-
duces the government’s desire to use deposit insurance to manage social risk, particularly when
tax distortions are large or when the pre-existing fiscal burden is high.

Finally, we extend our framework to allow the government to simultaneously choose the scales
of multiple programs, making portfolio intuitions even more explicit. We consider an example
in which the government chooses between two programs for promoting financial stability. We
assume that regulation limiting bank risk taking ex ante is a “fiscally safe” way to promote
financial stability because the associated expenditures vary little across states of the world. By
contrast, deposit insurance may also promote financial stability, but is “fiscally risky” because
the associated outlays vary significantly and may surge in a severe recession. Since deposit insur-
ance entails costly increases in taxes, the attractiveness of deposit insurance versus regulations
depends on the government’s other fiscal commitments. For instance, if the government is also
committed to a strong social safety net, which already requires large outlays in recessions, then
deposit insurance will become less attractive relative to ex ante regulations. When the fiscal
burden is high, it may be optimal to eschew deposit insurance and rely on regulation. These
conclusions correspond to the classic portfolio choice intuition that an investor facing a higher
level of “background risk” should choose a more conservative financial portfolio (Merton [1973],
Campbell and Viceira [2002]). We also show that when the distortionary costs of taxation rise,
the optimal quantity of fiscally risky deposit insurance falls. This corresponds to the precept
that the optimal portfolio allocation to risky assets falls as risk aversion rises.

Work in public finance typically considers individual government interventions in isolation,
studying the optimal provision of a single public good when the government must finance its
expenditures using distortionary taxes. One strand of this literature studies a static, deterministic
setting and concludes that program scale should equate marginal benefits with marginal costs,
accounting for marginal tax distortions.! A second strand studies project selection with stochastic

payoffs that are only subject to idiosyncratic risk.?2 Our model generalizes these classic public

ISee, e.g., Pigou (1947), Samuelson (1954), Mirrless (1971), Stiglitz and Dasgupta (1971), Atkinson and Stern
(1974), Ballard and Fullerton (1992). This work is recently surveyed in Kreiner and Verdelin (2012).

2 Arrow and Lind (1970) argued that if the marginal net benefits of a program are only subject to idiosyncratic
risk, those net benefits should be discounted at the riskless rate. Baumol (1968) pointed out that this result is
not unique to the government: well-diversified private agents should also apply a riskless discount rate to projects
that are only exposed to idiosyncratic risk.



finance results to a multi-period, stochastic setting with general project costs and benefits. This
allows us to study how risk, both social and fiscal, impacts optimal program scale. In particular,
a program’s social benefits and its fiscal costs, including costs of tax distortions, must be risk-
adjusted. These risk adjustments depend on the composition of the overall government portfolio,
and can be large, particularly when the government’s debt burden is high. The literatures on
optimal taxation and government debt management recognize that government expenditures are
stochastic and concludes that the government should smooth taxes over time when there are

3 However, this work typically treats the

convex distortionary costs of taxation (Barro [1979]).
government as an exogenously given collection of programs. By contrast, our approach shows
that the countercyclicality of government expenditures has important implications for the set of
programs that should be undertaken by the government.

Our model also reveals strong parallels between government cost-benefit analysis and modern
theories of corporate investment. In our setting, the distortionary costs of taxation play a similar
role to the one that costly external finance plays in a corporate setting. Specifically, distortionary
costs of taxation can lead the government to behave as though it is more risk-averse than the
taxpayers it represents, just like financing frictions can lead firms to behave as though they are
more risk-averse than shareholders. In a corporate finance setting, hedging and risk management
activities can enhance firm value if external financing is costly (Froot, Scharfstein, and Stein
[1993]), just as smoothing tax rates and debt management can create value for taxpayers when
taxation is distortionary (Barro [1979]). By the same logic, financing frictions have implications
for the optimal scale and composition of government projects in our setting, much as they do
for firm investment (Fazzari, Hubbard, and Petersen [1988], Kaplan and Zingales [1997], Bolton,
Chen, and Wang [2011 and 2013]).

The plan for the paper is as follows. Section 2 uses a simplified version of the model to
show why social risk and fiscal risk considerations often pull in opposite directions. In Section
3, we develop the general model, and in Section 4 we characterize the optimal scale of a single
government program. In Section 5, we explore several special cases of the general model that help
clarify the key drivers of social and fiscal risk. Section 6 presents applications of our framework

to financial stability programs. Section 7 concludes.

3In addition, our model embeds the core intuitions present in the state-contingent debt management problem
studied in Bohn (1990), Aiyagari et al (2002), and Bhandari et al (2016), where the government issues risky
securities to minimize tax distortions, as we discuss in the Internet Appendix.



2 The basic idea

In this section, we use a simplified version of the model to present the two key insights of
the paper: (i) social risk and fiscal risk affect the attractiveness of a program and (ii) these
considerations almost always pull in opposite directions. We abstract from the complexities of
the full portfolio optimization that we highlight in the general model.

There are two periods ¢ = 0,1. At time 0 a benevolent government decides whether or
not to undertake a small project that will have a negligible effect on both aggregate household
consumption and on the government budget. The project will require a random fiscal outlay of X;
at time 1 with £ [X;] > 0. These outlays will generate a random time 1 social payoff of W} where
we assume the expected net benefits of the program are zero for starkness: E [W; — X;] = 0.
The government should undertake this project if its social net present value (NPV) is positive.
The question is how to compute this social NPV.

The most naive calculation would be to say the social NPV of this project is
NPVnaive = R;IE [Wl - Xl] ) (1)

where Ry = 1+ 7y > 1 is the gross riskfree rate. Since we have assumed that £ [W; — X;] = 0,
we have NPV, 4. = 0 by construction. Thus, using this naive rule, the government would be
indifferent between undertaking the project and not.

Our model shows how to adjust this naive NPV calculation to incorporate both social risk
and fiscal risk considerations. First, the naive calculation ignores social risk considerations by
using a riskless rate to discount net benefits that may vary systematically with the state of the
macroeconomy. Letting M; denote the stochastic discount factor that values payoffs in different

states of the world at time 1, the risk-adjusted NPV is
NPV;"zsk =K [Ml (Wl - Xl)} - N-Pvnaive + COU [Mb Wl - Xl] ) (2)

where we have used the fact that F [M;] = R;l. If we assume that Cov [M;, W7 — X;3] > 0, as
would be the case for a program that generates large net benefits in recessionary states at time 1,
then we have NPV, > NPV, 4ve = 0, which reflects the government’s social risk management
motive. Thus, a government that only adjusted for social risk would always undertake the project.
This kind of risk adjustment is crucial for many government programs like automatic stabilizers
and financial stability programs because they are designed to generate countercyclical benefits.

Second, the naive calculation ignores marginal financing costs associated with the program’s

outlays. In particular, financing the fiscal outlays associated with the program is costly because



taxation is distortionary, and the NPV calculation should take these costs into account. We
first adjust the net benefits to account for these marginal fiscal costs, but continue to naively
use a riskfree discount rate. The adjusted net benefit is Wy — X (1 + h}) where b} > 0 is the
marginal distortionary costs of raising government revenue at t = 1. Importantly, we assume
that h| is unknown at time 0 and varies across states at time 1 due to stochastic variation in

other government expenditures. Then the tax-adjusted social NPV is
NPVie = RV E Wy — X1 (1+ b)) = NPVgive — Ry E [P E [X1] — Ry'Cov[h, Xi] . (3)

The first adjustment to N PV,,4;.. reflects the expected fiscal costs of the program. The second
adjustment reflects what we call fiscal risk management: programs that require high outlays in
states where the marginal fiscal costs are high are less desirable. Assuming that C'ov [h}, X;] > 0,
we have NPV, < NPV, = 0. Thus, a government that only adjusted for fiscal risk would
never take on the project.

Finally, we compute a social NPV that reflects both social and fiscal risk considerations:
NPViggirisk = E[My (W, — X1 (1+ R))] = NPVigp + Cov [My, Wy — X; (1+h))]. (4

If we assume that Cov [My, W7 — X7 (1 + Rh})] > 0, then we have NPV, irisk > N PVig,. In this
example, the fiscal risk adjustment and the social risk adjustment pull in opposite directions, and
the net effect relative to N PV,,4i,e = 0 is ambiguous. Below, we argue that this tension regularly
arises in government cost-benefit analysis: the need to manage fiscal risk generally limits the
government’s ability to manage social risk.

The full model we develop below captures these basic intuitions, characterizing the conditions
when the two risk management motives conflict. Crucially, our full model also accounts for the
fact that M; and h| change when the government makes large investments in programs that
affect aggregate consumption and the overall government budget. By way of analogy to portfolio
choice, this parallels the idea that mean-variance analysis is necessary when making large changes
to a portfolio. One cannot simply use a fixed hurdle rate based on the “portfolio improvement
rule,” as we implicitly did above, which is only appropriate when evaluating small marginal

changes to an existing portfolio (Perold [2004] and Berk and DeMarzo [2017]).



3 Model

In this section, we consider the problem of choosing the optimal scale of a single government
program, holding fixed the rest of the portfolio. In Section 6, we show that the model easily

extends to the problem of choosing the optimal portfolio of government programs.

3.1 Setup

We consider a two-period model with dates t = 0 and 1. At time 0, a benevolent government
chooses the scale of a program, denoted ¢, and initial borrowing Dy to maximize the lifetime
expected utility of a representative household. Since we want to develop a general model that
can be applied to many programs, we model the program’s social benefits and required fiscal
outlays in reduced form.* Specifically, if the government chooses scale ¢, the program generates
a social payoff W, (¢) at time ¢, where W; (0) = 0, W} > 0, and W} < 0. Wy (¢) is known at
t = 0 when the government must choose ¢ and Dy. At t = 0, W (q) is stochastic, varying across
states of the world which differ in terms of output and government outlays on other programs.
For instance, deposit insurance may create financial stability benefits that raise output in bad
states at ¢t = 1, implying W; (¢) > 0 in bad time 1 states. The program requires government
outlays of X; (¢) at time ¢, where X; (0) = 0, X; > 0, and X/ > 0. At t = 0, X, (q) is known
and X (¢q) is stochastic.

The rest of the government’s portfolio of programs requires outlays of GG;. For now, we take
these other expenditures as exogenously given when choosing the scale ¢ of the specific program
under consideration. At ¢t = 0, Gq is known and G is stochastic.

We assume that the government enters time 0 having previously accumulated debt D that
must be repaid at time 0. Comparative statics with respect to D will allow us to understand
how the optimal government portfolio varies with the government’s existing debt burden. At
time 0, the government issues 1-period, default-free bonds in quantity Dy that mature at time
1. Letting Ry = 1+ rf > 1 denote the gross riskless interest rate between times 0 and 1, the

government’s budget constraints at time 0 and time 1 are

T0+D0 :G0—|—X0 (q)—i—ﬁ and T1 :G1—|—X1 (q)+RfD0. (5)

4The net social benefits generated by different government programs have a diverse set of underlying mi-
crofoundations. For instance, some programs generate net social benefits because they correct technological
externalities or pecuniary externalities in incomplete markets, others address free-rider problems in the provision
of public goods, others mandate participation to address market-unravelling issues, etc. In Section 5, we develop
an example that microfounds the benefits and costs of a specific program (deposit insurance).



Here T; is tax revenue at time ¢, X; (¢) is the endogenous level of expenditures associated with
the program under consideration, and G, is other exogenous government expenditures.

A key feature of our setup is that taxation is distortionary. Specifically, we assume the
government raises revenue through an income tax that distorts labor supply choices, creating
deadweight costs that reduce output and household consumption. The government takes these
distortionary costs into account when optimally choosing program scale.

Since taxes are distortionary, Ricardian equivalence fails—i.e., the way the government fi-
nances its expenditures using debt and taxes has implications for household utility. Thus, it is
natural to allow the government to borrow at time 0 when choosing program scale.” Indeed,
the ability to borrow in order to smooth taxes—and the resulting deadweight losses—over time
plays a central role in many theories of optimal fiscal policy (Barro (1979)). Specifically, when
choosing program scale ¢, the government in our model knows it can borrow to optimally smooth
the resulting expected tax burden over time, which feeds back into its optimal choice of q.

Here we provide a brief microfoundation for the distortionary costs of taxation. We do so
because this common fiscal friction applies to all government programs, tying them together to
give fiscal risk its portfolio flavor. Furthermore, our microfoundation helps link our results to the
existing public economics literature. Specifically, we assume that households choose their labor

supply ¢; in period t to maximize their period ¢ payoft:

After-tax income Disutility from labor
N

Ve

—— A > ~
Ci(l) =Y, ty(1—71) — ((ﬁt —14n)"—n ) / (2n)] + W, (q) + (Net trade gov’t bonds),, (6)

which we refer to as consumption. Here Y; is the exogenous level of productivity at time t,

" 14 is the proportional income tax levied by the government

which we refer to as the “tax base,’
at time ¢, and n > 0 governs the elasticity of labor with respect to 7,. We assume that Y;
is stochastic and takes on different values in different states at time 1. Thus, different states
at t = 1 correspond to different realizations of the tuple (Y1, Gy, X (q), Wi (q)). The period

t payoff, C;, in Eq. (6) takes a quasilinear form with after-tax income serving as numeraire.

"By way of analogy, when studying optimal firm investment in a setting where it is costly to raise external
equity but not external debt—i.e., where the Modigliani-Miller theorem fails, it is natural to allow firms to jointly
choose both their investment and their debt versus equity mix (Stein [1996]). In the Internet Appendix, we solve
the model when the government is not allowed to borrow at ¢ = 0. If we constrain the government to choose
Dy = 0, optimal program scale is still be pinned down by Equation (22) below. However, imposing Dy = 0
impacts the optimal scale ¢ because the inability to smooth the expected tax burden over time impacts the
expected fiscal costs of the program. Indeed, consistent with Samuelson’s (1947) Le Chatelier Principle, which
states that comparative statics are smaller in magnitude when an optimizing agent is not permitted to adjust
related control variables, we show that the government adjusts program scale less elastically in response to changes
in the discounted net benefits when it is not simulatenously allowed to adjust its debt issuance.



Thus, Y;((¢, — 1+n)> —n?)/ (2n) captures disutility from supplying ¢, units of labor and W, ()
is the additional payoff households derive when the government chooses program scale gq. This
quasilinear specification is similar to the one in Atkinson (1990) and Diamond (1998).

By Eq. (6), the optimal labor supply when households face an income tax rate of 7, is
¢; =1 —n7,, which compares to the first-best labor supply of /;* = 1 under lump-sum taxation.
Thus, an income tax at rate 7, generates total tax revenues of 7; = 7,0;Y; < 7,Y;, which implicitly
links the level of tax revenue T; to the tax rate 7;,. Deadweight loss is created because income

taxation disincentivizes labor so T; < 7,Y;. The tax rate that raises revenue T; while minimizing

- JI- W)Y, .

2n

deadweight loss is given by

Tt =

The deadweight loss of taxation is
Co(67) = Cu(6) = Ty = Yig 2, ®)

as in Harberger (1962). Naturally, the deadweight loss is greater when tax rates are higher or
when the elasticity of labor supply with respect to tax rates, 7, is larger. When n = 0, income
taxation generates no deadweight losses.

When n > 0, each dollar of tax revenue costs society more than a dollar in pre-tax resources.
The total cost of public funds (Browning [1976]) is equal to the amount of tax revenue raised

plus the deadweight loss: T; + Y; (n/2) 72. As a result, the marginal cost of public funds is

0

nTe

Ui 2) _ 6
(T +Yv,2r2) =1 > 1. 9
GTt(“L Tt T < )
In what follows, we use the notation
NT¢
' =——>0 10
()= (g (10

to denote the extent to which the marginal cost of public funds exceeds one. In other words,
h' (7¢) is the marginal deadweight cost of raising an additional dollar of revenue via distortionary
taxation. Naturally, we have h” > 0: the marginal cost of public funds is increasing in the tax rate
because higher rates imply greater labor supply distortions. This gives the government motive to

smooth tax rates over time as in Barro (1979). There is a large public finance literature seeking

6The marginal cost of public funds exceeds one if the elasticity of labor supply with respect to taxes is negative.
In a more general model, the sign of this elasticity is ambiguous. It is the sum of a negative substitution effect
and a positive wealth effect: higher taxes make households poorer and thus motivate them to work more. Given
our quasilinear specification of the per-period payoff, only the substitution effect is present.



to estimate the marginal deadweight cost of public funds, A’ (7;), with estimates ranging from
0.05 to 0.2 in the U.S. (Browning (1976), Mayshar (1990), McClelland and Mok (2012)).

The lifetime utility of the representative household is
U = u(Co) + BE[u(Ch)], (11)

where 0 < § < 1, v/ > 0, and «” < 0. When «” = 0, marginal utility is constant and
households are risk neutral; when u” < 0, households are risk averse. Imposing market clear-
ing for government bonds and using the fact that the government’s budget constraint implies

(Net trade gov’t bonds), = T; — X; (¢) — G, the Appendix shows that household consumption is
Cy = Yi(1 = (0/2) 75) + Wi (0) — Xi (q) — G (12)

Egs. (11) and (12) show that the deadweight costs of distortionary taxation given in Eq. (8)

reduce household consumption and, thus, household utility.

3.2 Discussion of model setup

Several features of the model setup deserve discussion. First, we adopt a representative agent
perspective. However, if market failures create scope for government policies to generate Pareto
improvements, a representative agent may fail to exist (Huang and Litzenberger [1988], Duffie
[2001]). In cases where no representative agent exists, our framework should be viewed as a
short-hand for maximization of a more complicated social welfare function.

Second, the source of fiscal frictions in our model is incentive distortions stemming from
proportional taxation (Ramsey [1927], Diamond and Mirrlees [1971], Mirrlees [1971], Saez [2001]).
Taken literally, this means that, with lump-sum taxation, there would be no fiscal frictions. While
we refer to distortions i’ (7) as “tax distortions,” they are best seen as a short-hand for a host of
frictional costs that the government may face. For instance, there may be real costs associated
with the risk of sovereign default (Borensztein and Panizza [2009]) or with the high rates of
inflation that can be triggered by large government debt burdens, as in Leeper’s (1991) fiscal
theory of the price level. Such costs can be particularly relevant when thinking about financial
stability programs, as argued by the recent literature on the sovereign-bank nexus (e.g., Acharya,
Drechsler, and Schnabl [2014], Brunnermeier et al [2016]).

Third, we focus on a two-period setting. It is easy to extend the analysis to an infinite-horizon
setting so the notion of risk acquires a more dynamic flavor. The only take-away from this ex-

tension is that persistent shocks play a more important role than transient shocks in determining
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social and fiscal risk. Specifically, in the face of transitory fiscal shocks, the government can
borrow to smooth tax rates, reducing the deadweight losses associated with high and variable
tax rates. By contrast, persistent fiscal shocks lead to larger changes in taxes and, thus, greater
deadweight losses. As a result, optimal program scale is smaller when shocks to either G; or X;
are more persistent. Relatedly, we assume that the government makes a one-shot choice about
program scale and can commit to this scale in the future. Thus, the model is best seen as apply-
ing to non-discretionary programs where, for reasons of political economy, efficiency, or fairness,
program scale is stable over time. However, we have also considered a variant of the model where
the government is free to dynamically adjust program scale over time.

Fourth, the setup largely abstracts from the fact that government programs may distort
the behavior of private agents. For instance, government insurance programs may create moral
hazard problems (Baily [1978], Allen et al [2015]). Private agents’ responses to a given program
may impact W; (¢) and X; (¢) and these responses should be folded into these reduced-form
benefit and outlay functions.

Fifth, while program scale impacts household utility, it does not impact the tax base in our
model. This is an appropriate assumption if the government raises revenue to produce a classic
public good such as national security, which cannot be taxed. However, in other cases, the social
benefits, W; (¢), may add to the tax base. For a financial stability program may help prevent
collapses in private output due to bank runs. In the Internet Appendix, we show how to modify
the analysis if W; (¢) adds to the tax base. In this case, the normal tension between fiscal and
social risk management is partially alleviated. Specifically, programs that add to the the tax

base are valuable because they help keep tax rates and the associated deadweight losses low.”

4 Optimal government policy

4.1 The government’s problem

The government’s problem is to choose program scale ¢ and borrowing Dy at time 0, which
together determine the path of taxes, to maximize the lifetime utility of the representative

household. The government takes D, (Yy, Go, Wo (q) , Xo (¢)), and the distribution of the random

In this case, the Internet Appendix shows that in Eq. (22)—the optimality condition for ¢—W/ (¢) should
be replaced with W/ (¢) (14 %0/ (1;)) > W{ (¢). Otherwise, the analysis is similar.

11



variables (Y1, G1, Wi (q), X1 (q)) as given. Formally, the government solves

max {u (1@(1—g73)+wo (q) —Xo (q) —GO) +BE [u (3@(1_gﬁ>+w1 (q) —X1(q) —G1>] } .
0,

(13)
In choosing Dy and ¢, the government recognizes that tax rates 79 and 71 depend on its choices

of Dy and ¢ and are given by

1_ \/1 B 477G0+X0(§1/())+5—D0 1_ \/1 B 477G1+X1(}(51)+RfD0
To = and 71 =

2n 2n

(14)

Equation (14) follows from equation (7) by substituting in tax revenue 7; from equation (5).
Somewhat more subtly, when households are risk averse (u” < 0) and when taxes are dis-
tortionary (n > 0), the government must recognize that it cannot take the riskless interest rate
as exogenously given when choosing ¢ and Dy.% Household’s Euler equation for holding riskless
bonds is given by
W (Co) = ReBE W (C1)]. (15)

which implicitly defines R¢ in terms of ¢ and Dy once we substitute in for consumption:
o' (3@(1_%73>+wo (q) —Xo (q) —GU) — R;BE [u (1@(1_37§)+W1 (q) —X1(q) —Glﬂ . (16)

Since the government’s choices of ¢ and Dy affect aggregate consumption at both time 0 and 1
(the choice of Dy affects consumption indirectly via taxes; the choice of ¢ affects consumption
both directly and indirectly via taxes), these choices also impact the riskless rate.

In summary, the government solves the maximization problem in Eq. (13) where it recognizes

that tax rates and the riskfree rate are implicitly defined by Eqs. (14) and (16).

4.2 Model solution

We now characterize optimal government policy. We first explain how government policies impact
the riskless interest rate Ry. We then turn to the optimality conditions for government borrowing

Dgy and program scale q.

8We are grateful to George Constantinides for pointing this out. We treat this complication for the sake of
completeness. However, it does not drive any of the key intuitions that emerge from our model.
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4.2.1 The impact of government policy on the riskfree rate

As discussed above, program scale ¢ impacts the riskless rate because it impacts aggregate

consumption. We have

OR; _ ReBE[u” (Ch) (Wi (q) =X (g) (1 + I (11)))] —u" (Co) (W (9) = Xo (9) (1 + 1" (7o)

dq BE [u’ (C1) =RyDyu" (Cy) W (7‘1)}

(17)
The sign of OR/0Jq is ambiguous and depends on the nature of the program under consideration.
For example, if a program is expected to raise C; relative to Cj, households will want to borrow
more at time 0 to smooth consumption, causing the interest rate to rise.

Similarly, borrowing D, affects the riskless rate. Specifically, we have

OR; _RFBE[u" (Cy) I (m1)] +u” (Co) I (7o) <
0Dy BE [/ (C1) —=RDyu (Ch) W' (71)]

(18)

When taxes are distortionary (A’ > 0), borrowing more today lowers current taxes and tax
distortions, thereby raising current consumption. It also raises future taxes and tax distortions,
lowering expected future consumption. When households are risk averse (u” < 0), this means that
current marginal utility (v’ (Cp)) falls and future marginal utility (u' (C1)) rises in expectation.

As a result, households want to save more at time 0, so R must fall.

4.2.2 Optimal government borrowing

With these two comparative statics in hand, we now turn to optimal borrowing at time 0. The

first-order condition for Dy can be written as
OR
! (Co ' o) = (R + DL ) BE T (€N (1) (19)

As in Barro (1979), the government chooses its time 0 borrowing Dy to smooth the expected
deadweight costs of taxation over time. Since these deadweight costs are a convex function of
the tax rate, the government would like to smooth tax rates in expectation over time, even if
government outlays and the tax base are not expected to be constant.

To derive this condition, suppose the government issues a bit more debt at time 0 and reduces
tax revenue by the same amount. This deviation reduces tax distortions by h' (1) at time 0,
which raises utility at time 0 by «’ (Cp) ' (7¢). Since this deviation raises taxes by (R;+ Dog%g)
at time 1, it raises future tax distortions by (R —i—Dog—gg)h’ (71) at time 1. This lowers discounted

expected utility by (R + DO )BE[ (Cy) B (71)]. Eq. (19) says that, at an optimum, such a
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deviation must have zero effect on expected lifetime utility.
When there are no fiscal frictions (A" = 0), only the scale of the government program (q)
impacts household welfare. Ricardian equivalence holds, so the mix of debt and taxes used to

finance expenditures is irrelevant, and Dy is not pinned down (Barro [1974]).

4.2.3 Optimal program scale

We now turn to the optimal scale of the program. The first-order condition for ¢ is given by

’ 800 GC’O (97'0 ’ 801 801 87’1
= E . 2
0 u(00)<8q +aTO 8q)+ﬁ [u (Cl)(aq +8T1 0(])1 (20)

We can write the effect of changing ¢ on household consumption at times 0 and 1 as:

800 800 37’0 y ’ , ,

4 + 979 04 Wi (@) — Xo (q) — W' (10) Xq (q) (21)
801 001 07'1 . , v Y , Y aRf

g + a1, Oq = Wilg) — Xi(q) =R (71) X1 (q) = I’ (11) Do 9

Increasing program scale directly alters time ¢ consumption by W/ (¢) — X} (¢) and increases the
deadweight loss from distortionary taxation by A’ (7;) X| (¢). There is an additional term at time
1, namely h' (71) DO%, reflecting the fact that the choice of ¢ affects the interest rate R, and
thus required tax revenue at time 1.

Thus, the optimal amount of government activity satisfies

0 = u'(Co) (W (q) — X (q) = ' (7o) Xg () (22)

+08 [u (€0 (W] (@)~ X{ (@)~ 0 () X1 (0) — H () D) |

Proposition 1 An optimum is a pair (D§, q*) such that D§ and q* satisfy Fgs. (19) and (22),
and where Ty, T1, and Ry are implicitly defined by Eqs. (14) and (16).
Proof. All proofs are given in the Appendix. m

4.3 A decomposition of the condition for optimal program scale

To interpret the first-order condition in Eq. (22), let

(23)
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denote the representative household’s stochastic discount factor, which follows by substituting C}
in Eq. (12) into the standard definition of the stochastic discount factor M; = pu’ (Cy) /v’ (Ch)
and noting that R;l = F [M;] by Eq. (16). In the Appendix we show that the optimal scale of

the government program satisfies

Expected marginal net benefit
7\

0 = (W(q)—Xp (@) +R; E[W, (q) - X} (q)] (24)

Expected fiscal cost
7\

Ve

’ / - ' / OR
(1 0 X0 +RPE W ) B X )+ 00 )
’ ’ -1 ’ / ’ ’ aRf
+Couv [My, W] (q) =X1 (q)] — Ry Cov [k (1), X7 (q)] — Cov | My, ' (71) { X1 (q) +Doa—q :
Social riskxanagement Fiscal riskzanagement h d

TV
Interaction between social and fiscal risk

Before interpreting the five terms in Eq. (24) we first note that certain terms disappear in
different limiting cases. First, if there is no uncertainty about the state of the world at t = 1,
the third, fourth, and fifth terms are zero.” Second, if households are risk neutral (v’ = 0),
then M; = R;l is constant and the third and fifth terms are zero. Third, if there are no tax
distortions (k' = 0), the second, fourth, and fifth terms are zero.

We now interpret the five terms in Eq. (24) that impact the optimal scale of a government
program. The first term in Eq. (24) is the expected marginal net benefit from the program,
discounted at the riskfree rate. This term reflects the way that the outlays associated with
explicit guarantee programs are accounted for in the U.S. federal budget. Specifically, under the
Federal Credit Reform Act (FCRA) of 1990, the scored cost of a guarantee program equals the
expected net present value of government outlays discounted at the riskfree rate.'”

The second term in Eq. (24) captures the expected fiscal cost of the program. When taxes
are distortionary (h' > 0), this term makes programs less desirable if they raise average taxes,
ie., if X{(q) and E[X] (q) + DyORs/0q| are large. Since h” > 0, these expected fiscal costs are
greater when the expected level of tax rates is higher. By contrast, if A’ = 0, the model collapses
to the Ricardian case where the government is a veil for taxpayers. Crucially, ' depends on the
scale of the program ¢ via tax rates (see Eq. (10) and (14)). This effect can be ignored when
considering small programs within the government’s portfolio, but not large programs.

The third term in Eq. (24) reflects the government’s social risk management motive. When

households are risk averse (u” < 0), the government wants to undertake more of a program if

9This is the case considered in the public finance literature studying the provision of public goods when the
government finances its expenditures using distortionary taxes. See Kreiner and Verdelin (2012) for a review.

10See Lucas (2012) for a summary of FCRA. Of course, there are numerous implicit guarantee programs that
are not accounted for in the U.S. federal budget.
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its net benefits tend to accrue in bad time 1 states when household marginal utility is high—
i.e., if Cov [My, W] (q¢) — X1 (q¢)] > 0. By contrast, there is no social risk management motive if
households are risk neutral (u” = 0).!!

Again, a critical point about this social risk management term is that the stochastic discount
factor M itself depends on the scale of the government program ¢ (see Eq. (23)). Government
projects have the potential to alter aggregate consumption and therefore cannot be treated
as “marginal,” a point first noted by Dasgupta, Sen, and Marglin (1972), Little and Mirrlees
(1974), and recently emphasized by Martin and Pindyck (2015). As above, this complication
can be safely ignored for small programs, but not large programs. For instance, if government
policies reduce the volatility of aggregate consumption and hence marginal utility, risk premia
will be smaller than they would in the corresponding economy where ¢ = 0. Thus, the existence of
government programs may alter household attitudes towards risky projects, including government
programs. As discussed below, this also means that changes in the parameters governing a
particular government program have both substitution and income effects, leading to ambiguous
comparative statics.

The fourth term in Eq. (24) captures the government’s fiscal risk management motive. When
R > 0, tax distortions lead the government to act as if it is more risk-averse than the taxpayers
it represents. Specifically, this term makes government programs less desirable if they tend to
require high outlays and, thus, tend to raise taxes in states of the world where tax rates are
already elevated (i.e., if Cov [k (71), X] (¢)] is large). By contrast, if A’ = 0, there is no fiscal
risk management motive.

As we emphasize below, the social risk management motive captured by the third term in (24)
and the fiscal risk management motive captured by the fourth term often conflict. Programs like
deposit insurance and automatic stabilizers, which may have significant social risk management
benefits, tend to involve government outlays and, hence, higher tax distortions in bad times,
creating greater fiscal risk. Thus, when evaluating a large government program, the third and
fourth terms in Eq. (24) will often pull in opposite directions.

The final term in Eq. (24), Cov[My, /' (1) (X] (¢) + DoOR/0q)], is the risk premium stem-
ming from the cyclicality of taxes and reflects the interaction between the government’s social
and fiscal risk management motives. Specifically, if a program leads to increased taxes in bad

times, tax distortions reduce private consumption precisely when it is most valuable, leading the

Un contrast to U.S. budgeting procedures, economists have frequently argued—see Lucas (2012) and the
citations within—that the government should include a risk adjustment term Cov [M7, X] (¢)] when assessing
the budgetary cost of government programs. Of course, as Lucas (2012) notes, a proper cost-benefit analysis
requires one to risk adjust both the social benefits and and the outlays associated with a program—i.e., one adds
Cov [My, W] (q) — X1 (q)], precisely as dictated by our framework.
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government to do less of the program than it otherwise might.

4.4 A taxonomy of government programs

Our key first-order condition (24) yields a natural taxonomy of government programs. The
taxonomy has two dimensions: whether social risk considerations are relevant for the program
(i.e., whether Coov [My, W] (¢) — X} (¢)] # 0) and whether fiscal risk considerations are relevant
(i.e., whether Cov[h'(71),X] (¢)] # 0). This taxonomy highlights the value of our general
framework, and sheds light on how different programs fit into the government’s portfolio.

To be clear, our goal in this section is not to argue that there is necessarily a strong eco-
nomic rationale for individual programs. Instead, we simply use our framework to highlight
whether considerations related to social risk or fiscal risk are likely to play an important role in

a comprehensive analysis of each program.

4.4.1 Neither social nor fiscal risk are important

A first set of programs are those with neither social risk nor fiscal risk (i.e., Cov [My, W] (q) — X (¢)] =
0 and Cov [h' (1), X} (¢)] = 0). In this case, only the first two terms in Eq. (24) will be im-
portant. Programs in this category arguably include government insurance protection for floods,
terrorism, and crop failures, regulations for food and drug safety, and federal subsidies for basic
research and education.

Turning first to insurance for floods, terrorism, and crop failures, it is sometimes argued
that government involvement in these insurance markets is necessary because large disasters can
severely impair private insurers’ capital. Because private insurers face financing frictions, it can
then be difficult for customers to purchase new insurance following disasters (Anderson [1974],
Gollier [1997], Froot [2001], Froot and O’Connell [2008], and Nguyen [2012]). If the government
faces smaller financing frictions than private insurers, government involvement might provide
risk-sharing benefits to individual households and firms. However, the incidences and severities
of floods, terrorist attacks, and crop failures are likely to be largely uncorrelated with the broader
macroeconomy, so social risk considerations are unlikely to play an important role in an analysis
of these programs. Similarly, the fiscal costs of these insurance programs are largely uncorrelated
with the outlays for other government programs, so fiscal risk considerations should be relatively
unimportant.

Regulations like food and drug safety standards are also arguably neither socially nor fiscally
risky. These programs may provide social benefits by alleviating asymmetric information prob-

lems between customers and firms (Akerlof [1970], Henson and Traill [1993]), benefits which are
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likely to be relatively acyclical. And the fiscal costs of providing inspections and oversight are
relatively constant and, thus, unlikely to covary with the outlays on other government programs.

Similarly, public financing for basic scientific research and education is arguably to a first
order neither socially nor fiscally risky. The case for these programs is that knowledge is a public
good, so the returns to producing it (research) or acquiring it (education) do not accrue solely
to the agent making the investment, leading to private underinvestment relative to the first best
(Nelson [1959], Arrow [1962], Stiglitz [1999], Aghion, Dewatripont, and Stein [2008]). Again,
these programs likely have relatively constant costs and benefits that do not meaningfully covary

with the state of the economy, making social and fiscal risk considerations fairly minor.

4.4.2 Social risk is important, but fiscal risk is not

A second set of programs are those for which there are important social risk considerations,
but where fiscal risk is minimal (i.e., Cov [My, W] (¢) — X} (¢)] # 0 but Cov [V (71), X7 (q)] =
0), so only the first three terms in Eq. (24) will be important. Ex ante financial regulations
aimed at promoting the stability of the financial system—including bank examinations, bank
capital requirements, and bank liquidity requirements—arguably fall into this category. The
social benefits of these financial regulations—preventing costly bank runs that would otherwise
occur—are likely to accrue during recessions when household marginal utility is high (Calomiris
and Gorton [1990]). However, the government outlays associated with these regulations—the
costs of conducting bank examinations and monitoring compliance with capital and liquidity
requirements—are likely fairly constant over time and across states and, thus, are unlikely to

covary with expenditures on other programs.

4.4.3 Fiscal risk is important, but social risk is not

A third set of programs are those for which there are no social risk considerations, but where there
are important fiscal risk considerations (i.e., Cov [My, W] (¢) — X} (¢)] = 0 but Cov [V’ (11) , X} (q)] #
0). We have not been able to think of any programs that are likely to fall into this bucket.

4.4.4 Both social and fiscal risk are important

The final set of programs are those with both important fiscal and social risk considerations (i.e.,
Cov [My, W] (q) — X} (q)] # 0 and Cov [l (11),X] (¢)] # 0). In this case, all five terms in Eq.
(24) may be important. Within this group, programs that are social hedges but that are fiscally
risky (i.e., Cov [My, W] (q) — X7 (¢)] > 0 and Cov [W' (11), X] (¢)] > 0) seem especially common.
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Social insurance programs fall into this category. The social value of unemployment insurance
is arguably high in recessions because aggregate insurance payments rise when marginal utility is
high (Landais, Michaillat, and Saez [2016, 2017]). However, unemployment insurance programs
are likely to be fiscally risky: when unemployment insurance payments are high, other government
expenditures are likely to be high (Musgrave and Miller [1948], Auerbach and Feenberg [2000],
McKay and Reis [2016]).

Similarly, financial stability programs like bank debt guarantees arguably fall into this bucket.
The social value of preventing the output loss associated with bank runs primarily accrues in
recessions, so these programs are social hedges. However, the outlays associated with debt
guarantee programs are likely to be high at times when other government outlays are elevated.

Countercyclical stimulus programs would also fall into this group. The textbook Keynesian
view is that, due to sticky nominal prices and wages, declines in aggregate demand lead output
and employment to fall below their potential under flexible prices (Samuelson [1947], Romer
[2001]). The traditional view is that, when output is below potential, the government should
invest in “shovel-ready” public projects to stimulate aggregate demand, thus pushing the economy
closer to the first-best outcome under flexible prices. In this view, countercyclical Keynesian
stimulus programs are a fiscally risky, social hedge.

What these programs have in common is that they generate social benefits through the use
of transfer payments. Since the need for these transfer payments is countercyclical, the pro-
grams are social hedges but are fiscally risky. And because many government programs share
this feature, total government expenditures will tend to rise in bad times. Formally, these
programs have the features that (i) Coov [My, W] (¢) — X} (q¢)] > 0—i.e., they are social hedges
and (ii) Cov[W] (¢) — X7 (¢), X (q¢)] > 0—i.e., the net benefits are correlated with outlays.
Since many government programs have these features, it will then typically be the case that
Cov b (1), X7 (q)] > 0—i.e., these programs will be fiscally risky. This logic also shows why it
is hard to have programs that are both social and fiscal hedges. Since most social hedges (i.e., pro-
grams where Cov [My, W/ (q) — X1 (q)] > 0) have the feature that Cov [W] (¢) — X (¢), X1 (q)] >
0, it is hard for any of them to also have the feature that Cov [W' (71), X7 (¢)] < 0.

However, there are socially risky programs that are fiscal hedges. Any public good that is
utilized more heavily in expansions than recessions will be “socially risky” in the sense that its
net benefits primarily accrue in good times. For instance, the improvement in output associated
with the interstate highway system is arguably procyclical. In addition, except for the Keynesian
stimulus discussed above, outlays for these public goods are also likely to be procyclical: roads are
mostly built and maintained in good times. Since outlays tend to occur in economic expansions

where the overall fiscal burden is low, these programs may be fiscal hedges.
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Overall, this discussion highlights the value of our general framework for cost-benefit analysis.
The framework allows one to understand how different programs should fit into the government’s
portfolio and how social and fiscal risk considerations influence optimal program scale. Further-
more, we argue that many large government programs fall in the final bucket and have the feature

that social and fiscal risk management considerations tend to pull in opposite directions.

5 Determinants of social and fiscal risk

In this section, we explore how the characteristics of an individual program, the rest of the
government’s portfolio, and the broader macroeconomy affect considerations of social and fiscal
risk. To develop these intuitions, we compute approximate solutions to the government’s problem.

We then compute comparative statics to highlight the determinants of social and fiscal risk.

5.1 Approximate first-order conditions

We replace the government’s two key first-order conditions with Taylor series approximations
about the expansion point (Cy,Y;, T;) = (U, Y, T). We assume that the government program
has constant returns to scale so that W, (¢) = ¢W; and X; (¢) = ¢X;.

Specifically, as shown in the Appendix, we have I/ (1) = I/ + 7 (T/Y) (T,/T - Y,/Y) and
u (Cy) = 1—7(Cy—C) where v = —u"(C)/u/(C) > 0 denotes the coefficient of absolute risk
aversion at C. Using these approximations, we can replace the optimality condition for Dy in

Eq. (19) with the approximate condition

(1-4(G-0)) (ﬁ' +7L (@ _ 2)) (25)

Y\T Y
B N - N[, T(T\ YW
= (5Rf+ﬂD05DO)E [(1 —’}/(Cl —C)> <h +?7? (? — ?))] s
where
Co=Y— (V2r + 7 (T =T) — ity (Vi = V) ) + Wi — Xuq — Gy (26)

is an approximation to consumption, and 7, h’, 7, 7y, dp,, and Ry are constants given in the

Appendix (when n = 0, b’ =7 = 7y = dp, = 0). Similarly, we replace the optimality condition
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for ¢ in Eq. (22) with the approximate condition

0 = (1 (G — 6)) (WO ~ Xo— (B’ + 7‘7% <E - ﬁ)) XO) (27)

T Y
+BE [(1 — (G —6)) (Wl X, - (h’ + n; (% - %)) (X, + Dodq))} ,

where §, is a constant given in the Appendix (when v =0, §, = 0).

Egs. (25) and (27) are a system of two quadratic equations in Dy and ¢ that can be solved in
closed form to obtain optimal policies. When v > 0 and 7 > 0, this system reduces to a quartic
in ¢ that can be solved analytically. With either (i) risk-neutral households and tax distortions
(v =0 and n > 0) or (ii) risk-averse households and no tax distortions (7 > 0 and = 0), we
obtain a system of two linear equations in Dy and q. We use these two limiting cases below to

show how risk aversion and tax distortions impact optimal program scale.

5.2 Risk-neutral households and tax distortions (v =0 and 7 > 0)

We first consider the case where households are risk-neutral (y = 0), but government taxation
is distortionary (n > 0). This case, where the government seeks to generate net benefits for
households while limiting expected fiscal costs and fiscal risk, allows us to identify the key
determinants of these fiscal considerations.

When v = 0 and 7 > 0, the approximate first-order condition for Dy in (25) collapses to

T Y

T, Y E[Y_} Y},
T Y

(28)
which says that government borrowing is chosen to smooth expected tax rates over time. As
shown in the Appendix, in this case Eqgs. (25) and (27) form a system of two linear equations in
Dy and ¢ that can be solved to obtain:

) 1 (Wo — Xo) + BE [Wh — Xi]

T n/Y (1+8)"" (Xo + BE[X41])* + BVar [X] 29)

L W+ 77% (15+(Go+5E[Gl]) 1 YotBEM]

T 1+5 Y 118 )
/Y (1+8) " (Xo + BE [X1]))? + BV ar [X] (Xo +BE[X1])

I BCov [nE (% - 1) . X
/Y (1+6)" (Xo + BE[X1])” + BVar [Xi]

The first term in Eq. (29) is proportional to the program’s expected marginal net benefit,
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ie., (Wy— Xo) + BE [W; — X;]. The denominator of this term is the direct deadweight costs
from increasing program expenditures at the margin. These costs are increasing in the program’s
expected outlays, the variability of the program’s outlays, and the effective degree of “fiscal risk
aversion”, 77/Y, which is increasing in the labor supply elasticity with respect to the tax rate ()
and decreasing in the tax base (Y).

The second term in (29) is proportional to the ezpected fiscal costs of the program that arise
in the presence of other government expenditures. Specifically, the numerator of the second term
is equal to expected discounted marginal outlays (i.e., Xo+ S E [X;]) times the expected marginal
deadweight cost of taxation when ¢ = 0.

The third term reflects the government’s fiscal risk management motive and captures the
additional deadweight costs that arise if time 1 spending on the program covaries positively
with time 1 tax rates. Naturally, this covariance is higher when Cov [G1, X;] is larger or when
Cov [Y1, Xq] is smaller.

The next proposition provides a set of intuitive comparative statics, showing how the optimal

scale of the project ¢* depends on the exogenous parameters of the model.

Proposition 2 Consider the case with risk-neutral households (v = 0) and distortionary taza-
tion (n > 0). Assume that Gy + BE [G1] > 0, Xo + BE [X1] > 0, and ¢* > 0. Then we have the

following comparative statics for optimal program scale:
o J0¢*JOWy > 0, 0¢*/OE [Wi] > 0, 0¢*/0Xy < 0, and 0qg*/OF [ X1] < 0;
e 0¢*/0Gy x —(Xo + BE[X1]) <0 and 0¢*/OF [G1] x —(Xo + SE[X1]) < 0;
e 0q* /0D o —(Xo + BE [X,]) < 0;
* 9q*/On o — (W — Xo) + BE [W1 — Xi]);

e 0q*/0Corr [X1,Gq] <0, d¢*/0Corr [X1,Y1] > 0, and 0q*/0V ar [X;] < 0.

These comparative statics identify the drivers of expected fiscal cost and fiscal risk in the
model. For instance, the optimal scale of a program with positive expected outlays (X, +
BE[X;] > 0) declines with other government spending (Go or E[G4]). Intuitively, increasing
other government spending raises the expected fiscal burden and tax distortions. By decreasing
the scale of a positive-outlay program, the government can reduce the need for distortionary
taxation, partially offsetting the effect of increased spending.

Similar logic applies to the effect of the severity of marginal tax distortions, 7. 9¢*/0n is
proportional to —((Wy — Xo)+SE [W; — Xi]), so an increase in 7, which increases the deadweight

loss of taxation, leads the government to cut back on attractive projects with large discounted
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net benefits. When the preexisting debt burden D is high, the government should cut back on
programs, particularly those with the largest expected outlays. In addition, all else equal, the
government should choose a smaller scale for programs whose outlays are more variable. Finally,
the government should choose a smaller scale for programs whose outlays covary positively with

other spending (G) or negatively with the tax base (Y7).

5.3 Risk-averse households and no tax distortions (v > 0 and n = 0)

We next consider the case where households are risk-averse (7 > 0) and there are no tax distor-
tions (7 = 0). This case, where the government seeks to generate net benefits for households and
to manage social risk, allows us to identify the key drivers of social risk in the model. In this
case Ricardian equivalence holds, and the level of debt is not pinned down at the optimum. The
approximate solution for optimal program scale is:
;o= 1-7(EY -G -C) (Wo — Xo) + BE[W1 — X{] (30)
v (Wo — Xo)* + B (E[Wy — Xu])* + 8 (Var Wy — X4))
(Yo — Go) — E[Y1 — G4]) (W — Xo)
(Wo — Xo)* + B (E[Wr — Xi])* + 5 (Var Wy — X4))
pCov Y1 — Gy, Wi — X;]
(Wo — Xo)* + B (E[Wr = Xi])* + 8 (Var Wy — X,])

The numerator of the first term in Eq. (30) is proportional to time 1 expected marginal utility
when ¢ =0 (ie., 1 — v (E Y1 — G| — 6)) times expected program net benefits for risk-neutral
households (i.e., (Wy — Xy) + SE[W; — X;]). The denominator captures the “income effect”
that arises because the chosen level of ¢ affects the marginal utility of risk-averse households.
Projects that generate large expected benefits lower marginal utility, making further projects
with positive expected benefits less appealing to households.

The second term in (30) arises only when Yy — Go # E [Y) — G1] and reflects any benefits of
using the program to intertemporally smooth expected consumption between times 0 and 1.

The final term in Eq. (30) captures the social risk management motive of smoothing consump-
tion across states at time 1. This risk management term is proportional to —Cov [Y; — G1, W) — X4]:
the government likes programs that hedge against exogenous shocks, both those emanating from
the private economy (Y]) and those emanating from other government expenditures (Gy).

The next proposition provides a set of intuitive comparative statics, showing how the optimal

scale of the project ¢* depends on the exogenous parameters of the model.

Proposition 3 Assume that Wy — Xy > 0, SE [W; — X;] > 0, and ¢* > 0. Then we have the
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following comparative statics for optimal program scale:
° 8q*/8Yoo< — (Wo — X()) <0, Gq*/(‘?Gooc (Wo — X()) >0, (9q*/8E [}/1] xX — ﬁE [Wl — Xl] <0,
8q*/8E [Gl] O(BE [Wl — Xl] >0;

o Jq* /0y o< — (Wy — Xo) + BE W, — X4]) <0;

e 0q*/0Corr [W1,Y1] <0, Oq*/0Corr Wi, G1] >0, 0g* /0Corr [ X1, Y1] >0, and dq* /0Corr [ X1, G1] <O0.

In this Ricardian case, comparative statics with respect to the Ws and Xs are generally
ambiguous due to competing substitution and income effects. For instance, the impact of program
net benefits at time 0 on optimal scale is dg* /0 (Wy — X)) o (1 —yCo) — vq¢* (Wo — Xj), which
is ambiguous. Holding marginal utility fixed, an increase in (W, — Xj) leads to a substitution
effect that makes the government want to do more of the program. But there is a competing
income effect: the increase in (Wy — Xj) reduces marginal utility and lowers the government’s
willingness to pay, pushing it to do less of the program.

In contrast, as the proposition states, comparative statics with respect to the Y's and Gs
will be unambiguous because they only involve income effects, which alter the government’s
willingness to pay for a particular program. For instance, we have d¢*/dY; < 0 because the
increase in Yy reduces marginal utility and lowers the government’s willingness to pay, pushing it
to do less of the program. In addition, dg* /0y is proportional to —((Wy — Xo) + SE [W1 — Xi]),
so an increase in risk aversion v leads the government to cut back on attractive projects with

large discounted net benefits.

5.4 Risk-averse households and tax distortions (y > 0 and 7 > 0)

The approximate solution in the general case where v > 0 and 1 > 0 mixes the intuitions derived
in the past two sections. In addition, analytically solving the system of two quadratic equations
in ¢ and D, given by Eqs. (25) and (27) is unwieldy and adds little additional insight. Thus, to
explore the interactions of social and fiscal risk in the general case where v > 0 and 1 > 0, we

use numerical solutions below.

6 Applications

6.1 Single program: Government guarantees of bank debt

In this section, we provide a full analysis of a single government program within our framework.
We start with a microfoundation, then embed the program within our framework, and compute

numerical comparative statics in the general case where v > 0 and n > 0.
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Our example builds on Stein (2012) and Hanson, Shleifer, Stein, and Vishny (2015) and con-
siders the value of policies to prevent economically destabilizing bank runs. In these models,
banks hold long-term risky assets, which they finance by issuing equity and short-term debt.
Households assign a special value to short-term bank debt because it is completely safe, but issu-
ing uninsured short-term debt means that banks may be forced to liquidate assets in an economic
downturn. These fire sales are costly for society because other savers use their scarce capital to
purchase liquidated assets, instead of investing in new real projects. Since the uninsured depos-
itors who withdraw funds from banks do not have access to the same investment opportunities,
these fire sales reduce real investment. Because banks do not fully internalize these costs of

short-term debt financing, there is scope for welfare-improving government intervention.'?
[Figure 1 here]

Our example, depicted in Figure 1, formalizes this intuition. There are two periods ¢t = 0 and
t = 1 where payoffs to households are realized. In addition, there is an interim period ¢t = 1/2
where news arrives, but no payoffs are realized. At t = 0 households derive special monetary
services from holding bank debt that is completely safe. With probability m good news arrives
at t = 1/2 and agents learn that there will be an economic expansion at ¢ = 1 and bank assets
will perform well (call this state s = H). With probability 1 — 7 agents receive bad news at
t = 1/2. If there is bad news at ¢ = 1/2, then with probability € there is a moderate recession
at t = 1 and bank assets will suffer moderate losses (state s = LH). With probability (1 — 6)
there will be a severe recession at t = 1 and bank assets will be worthless (state s = LL). Thus,
there are three possible states at time 1, s € {H, LH, LL}, with probabilities Pr (s = H) = m,
Pr(s=LH)=(1—-m)60,and Pr(s=LL)=(1—m)(1—0).

There are two technologies for making bank debt completely safe. First, banks can issue
uninsured debt which is made safe by liquidating bank assets if bad news arrives at t = 1/2.13
Second, the government can insure bank debt, covering any realized shortfall between the value
of bank assets and insured debt. In order to issue insured deposits, we assume the government
requires banks to have enough equity capital to absorb the mild losses that arise if there is a
moderate recession at time 1 (s = LH). Thus, the government guarantee program only covers

the shortfall that arises if there is a severe recession at time 1 (s = LL). Total safe bank debt

120f course, there are other reasons that fire sales may be costly to the economy (e.g., Diamond and Rajan
2011). The example we provide here is illustrative.

I31f banks issue uninsured debt and there is bad news at ¢t = 1/2, they must liquidate assets to ensure that
the debt remains completely safe. Bank assets still have a positive value at ¢ = 1/2 since with probability 6 the
recession will be mild and the losses on assets will also be mild. However, the assets cannot support any amount
of completely safe debt since with probability 1 — 6 there will be a severe depression and the assets will be worth
0. Thus, to keep their uninsured debt completely safe, banks must liquidate assets following bad news at ¢ = 1/2.
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is M = My + M; where My is uninsured debt and M; = m; - ¢ is amount of bank debt that
is insured by the government. Here m; > 0 and ¢ is the scale of the government’s guarantee
program. For simplicity, we assume that M is fixed, so an expansion of government guaranteed
debt crowds out uninsured debt one-for-one. Thus, the monetary services households enjoy from
holding bank debt are fixed; the only question is how this debt is made safe.

Issuing uninsured bank debt is social costly because it may necessitate asset liquidations at
t = 1 that lead to a decline in real investment. Specifically, we assume that real investment at
t =1 in state H is K, where K is some exogenous amount of savings at ¢ = 1. The net social
returns to investment are f- K — K, where f > 1 is a constant. By contrast, if there is bad news
at t = 1/2, then real investment is K — My = K — M + m; - q. Real investment falls because
(i) other savers forgo productive real investments to purchase liquidated bank assets and (ii) the
depositors who withdraw funds from the bank do not have access to these same projects. Thus,

the net returns to investment following bad news at ¢ = 1/2—in both states LH and LL—is
f(K—=My)—(K—-My)=(f-1)(K-M)+(f—1)mys-q (31)

which is increasing in ¢, the scale of the government’s guarantee program.

If banks issue guaranteed debt, there are no such liquidations and investment is higher. Thus,
the gross social benefit of having a guarantee program of scale ¢ is that consumption is higher
by Wi rw (¢) = (f —1)my - q in state LH and W; 1 (q) = fmy - q in state LL. (There are no
social benefits of guarantees in state H: Wi g (¢) = 0). The fiscal costs of guarantees stem from
the fact that the government has to make outlays X; 11, (¢) = my - ¢ to pay off the guaranteed
debt in the severe recessionary state LL. (Government outlays are X; i (¢) = X1 1m (¢) = 0 in
states H and LH because bank assets perform well enough so banks can fully repay the debt.)

In summary, an expansion of the debt guarantee program raises investment in both states
LH and LL, but creates costly fiscal distortions in state LL. We can write the social benefits
and fiscal costs of this debt guarantee program at time 1 as Wi, (¢) = Wis-q and X1 (q) = Xi5-q
for states s € {H, LH, LL} where:

[Table 1 here]

In addition, we assume that the government charges deposit insurance premia at time 0
that are based on a risk-neutral valuation of expected guarantee payouts at ¢ = 1 (as it does
in practice). Thus, we have X, (q) = =8 (1 —7) (1 —0) m; - q. Finally, we assume that debt
guarantees may lower output at ¢ = 0 because of moral-hazard related distortions. We capture

this by assuming that Wy (¢) = Wy - ¢ where W, < 0.
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6.1.1 Numerical solution with risk-averse households and tax distortions

With this microfoundation, we now explore the general case where v > 0 and n > 0 using
numerical solutions. Our key takeaway is that the government’s social risk management and fiscal
risk management motives often pull in opposite directions. Which motive dominates depends on

the parameters of the economy and the project.

Parameter Values
[Table 2 about here]

Table 2 lists the baseline parameters underlying our numerical example. At time 0, exogenous
private income is Yy = 1 and exogenous government spending is Gy, = 0. The parameters
governing the probabilities of the three time 1 states are 7 = # = 50%. Thus, the H state occurs
with probability 7 = 50%. In the H state, there is an economic expansion: private income is
Yin = 1.2 and government spending is Gy = —0.1. With probability (1 — )60 = 25%, the
LH state occurs. We interpret the LH state as a moderate recession that leads to a rise in
government spending on automatic stabilizer programs. In the LH state, exogenous income is
Yirg = 0.85, and exogenous government spending is G,y = 0.075. Finally, with probability
(1—m)(1—0) = 25%, the LL state occurs. We interpret the LL state as a severe recession
that leads to a larger rise in government spending on automatic stabilizer programs. In the LL,
exogenous income is Yir;, = 0.75, and exogenous government spending is G, = 0.125. Thus,
we have E'[Y]] = Yy = 1 and F[G1] = Gy = 0, so the expected growth of private income and
other government spending are both zero.

Three parameters control household preferences: 3, v, and C. We set 3 = 1, so the riskfree
rate would be zero in the absence of risk aversion. We set risk aversion to v = 0.25 and C = 1,
so that marginal utility equals one when C; = 1 and declines to 0 when C; = 5. Turning to
the fiscal parameters, we set D = 2/3—a debt-to-GDP ratio of 66.7% to capture the case
where a government faces a high accumulated fiscal burden. We set n = 0.15. Thus, in the
benchmark case where Ty = 17 = 0.33, the deadweight marginal cost of public funds is roughly
h' = 15% x 30% = 5%, a conservative assumption relative to estimates in the public finance
literature.

Debt guarantees require no outlays and generate no additional income in the H state at time
1, s0 X1y = Wig = 0. We assume that the gross returns to investment are given by f = 2 and
that m; = 0.05. This means that in the L H state at time 1, the program also requires no outlays

(X1oz = 0), but generates additional private income of Wiy = 0.05. And in the LL state at
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time 1, the program requires large outlays of X;,;, = 0.05, but generates significant additional
private income of Wi, = 0.1.

Finally, we assume that the government charges insurance premia for the debt guarantee
program at time 0 based on a risk-neutral valuation of time 1 guarantee payouts. Thus, the
program raises revenue at time 0 equal to Xy = —25% x 0.05 = —0.0125. And, as a reduced form
for the moral hazard distortions created by guarantees, we assume the program lowers private
income at time 0 by Wy = —0.0365. Thus, we are assuming that the expected net benefits of
debt guarantees are quite small: (W — Xo) + SE [W; — X;] = 0.001.

Baseline Optimal Policies
[Table 3 about here]

Table 3 reports the exact optimal government policies (Do, ¢) in this example obtained from
solving Egs. (19) and (22) as in Proposition 1, assuming a quadratic utility function of the form
u(Cy) = Cy — (v/2) (Cy — 5)2. Table 4 reports the approximate optimal government policies
(Dy, ¢) in this example obtained from solving our system of quadratics given in Egs. (25) and
(27). The approximate solutions in Table 4 are close to the exact solutions in Table 3. Thus,
our discussion focuses on the exact solutions in Table 3.

Panel A of Table 3 reports the optimal scale of debt guarantees ¢, Panel B reports optimal
time 0 debt Dy, and Panel C reports the riskfree rate r; = Ry—1. The ten rows in each panel show
how optimal policy varies with parameters of the economy and the program. The five columns
show how policy varies with household risk aversion () and fiscal costs (). Specifically, column
(1) reports our baseline results with 7 = 0.25 and = 0.15—i.e., with both risk aversion and
tax distortions. Column (2) shows the risk-neutral solution with only tax distortions: 7 = 0 and
n = 0.15. Column (3) shows the Ricardian solution with v = 0.25 and 1 = 0. Because Ricardian
equivalence holds in this case, debt is indeterminate in Panel B. Column (4) shows the effect of
increasing risk-aversion relative to the baseline, setting v = 0.5 and n = 0.15. Finally, column
(5) shows the effect of increasing tax distortions, setting v = 0.25 and 1 = 0.175.

We start with the results in row (1) and column (1). The optimal scale of the program
in Panel A is ¢ = 3.28. Although the net benefits for risk-neutral households are small, debt
guarantees are an attractive social hedge, delivering additional consumption in the LH and LL
states when household marginal utility is high. To smooth taxes over time, Panel B shows that
the government borrows Dy = 0.24 at time 0. Panel C shows that the risk-free rate is 4.1%,

reflecting the fact that marginal utility is expected to decline slightly from time 0 and 1.

28



Moving across the first row, column (2) shows that optimal program scale declines when
households are risk neutral: risk-neutral households have a lower willingness to pay for this
social hedge. Similarly, program scale rises when there are no tax distortions in column (3).
Finally, ¢ rises in column (4) when risk aversion rises to v = 0.50 and ¢ falls in column (5)
when tax distortions increase to n = 0.175. Taken together, the results in row (1) show that
the need to manage fiscal risk can significantly reduce the government’s ability to manage social
risk. Specifically, when taxes are distortionary (n > 0), the government should only choose a
large amount of a program if it has large net benefits in expectation (Wy — Xo) + SE [W; — Xi]
is large) or if it is a strong social hedge (Cov [Y1 — Gy, Wi — X1] is large). Put differently, the
distortionary costs of taxation argue in favor of fiscal conservatism, raising the hurdle that must

be cleared before the government undertakes a program designed to correct a market failure.

[Table 4 about here]

Numerical Comparative Statics The remaining rows in Table 3 show how optimal policy
varies with parameters of the background economy and the program. In row (2), we increase the
government’s accumulated deficit D from 0.667 to 0.8. When taxation is distortionary—i.e., in all
columns other than (3), this leads to a decline in optimal program scale. Intuitively, raising the
government’s accumulated deficit increases tax distortions. By decreasing the scale of a program
with positive outlays, the government can reduce the need for distortionary taxation, partially
offsetting the effect of the rise in D. In this way, our model is consistent with a “fiscal austerity”
logic under which a high accumulated deficit reduces the attractiveness of many government
programs.

In row (3), we raise expected private income at time 1 by 0.05 in all states relative to the
baseline in row (1). The rise in F [Y;] has two competing effects. When households are risk
averse, the increase in E [Y]] lowers time 1 marginal utility, reducing the willingness to pay for
debt guarantees. However, the increase in F [Y;] also lowers expected tax rates, leading to a
decline in the marginal deadweight costs of taxation. This pushes the government to do more of
the project. This can be see in column (2), which shows that tax distortions have an offsetting
effect, so ¢* rises when households are risk neutral and taxes are distortionary.

In row (4), we make the economy riskier by raising the volatility of time 1 income by 0.05
relative to the baseline, setting Yiy = 1.25, Yiry = 0.8, and Yy, = 0.7. Again, the rise in
Var[Y)] has two competing effects. Higher volatility makes debt guarantees more valuable as
a social hedge, increasing the optimal program scale. However, the increase in Var [Y]] raises
the volatility of tax rates at time 1. Since Cov [X71,Y]] < 0, the resulting increase in fiscal risk

pushes the government to do less of the program. As above, this can be seen in column (2).

29



In row (5), we increase expected government spending by 0.025 in all states at time 1. The
rise in F [G1] has two competing effects. When households are risk averse, this change increases
expected marginal utility at time 1, pushing the government expand the program. However, when
taxes are distortionary, raising F [G;] also increases expected taxes, pushing the government to
reduce the scale of the program. Therefore, the effect on an increase in E [G;] is ambiguous.
However, in our example, the former force outweighs the latter when v > 0 and n > 0.

In row (6), we increase the volatility of time 1 government spending holding fixed the mean,
setting G1y = —0.125, Gy = 0.1, and Gy, = 0.15. Again, the rise in Var [G1] works through
two competing channels. When households are risk averse, more volatile government spending
makes marginal utility more volatile, pushing the government to do more of the program on social
risk management grounds. When taxation is distortionary, more volatile government spending
increases fiscal risk, pushing the government to reduce the scale of the program. In our example,
the first force outweighs the second when both v > 0 and n > 0.

In row (7), we increase the expected benefits of the program, increasing benefits W, by
0.00025 in all states at time 1. Although changes in F [W;] have competing substitution and
income effects, the substitution effect dominates in our example, so optimal program scale rises
with E [W;]. In row (8), we increase the variance of the program payoffs, holding fixed the mean.
Holding fixed marginal utility, the resulting substitution effect makes the program more desirable
as a social hedge when households are risk averse. Again, there is a competing income effect
because this change lowers expected marginal utility for a given level of q.

In row (9), we increase the expected time 1 program outlays. In our example, the resulting
substitution effect dominates, so this change always reduces the optimal program scale. Finally,
in row (10), we increase the variance of program outlays, holding fixed the mean, at time 1. The
optimal scale of the program falls. Distortionary costs are convex of function of tax revenue, so
increasing the variance of taxes raises expected tax distortions, leading the government to reduce
the scale of the program. By contrast, as column (3) shows, when there are no tax distortions
increasing the variance of program outlays has a negligible effect on program scale.

Overall, Table 3 illustrates how the government’s need to manage fiscal risk limits its capacity
to manage social risk. The table also highlights the fact that the government’s social risk and
fiscal risk management motives often pull in opposite directions as the characteristics of the

economy or the government program change.

6.2 Portfolios of government programs

We now extend our framework to characterize the optimal portfolio of government programs. The

basic trade-offs between social and fiscal risk management remain but now acquire a portfolio
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choice flavor. Specifically, distortionary taxation and household risk aversion create interdepen-
dencies amongst otherwise unrelated programs. When taxes are distortionary, the fiscal risk of
a program depends on the outlays and scale of other programs in the portfolio. Similarly, when
households are risk averse, the social risk of a program depends on the net benefits and scale of
other programs. As a result, programs cannot be evaluated in isolation.

Different government programs are indexed by j = 1,...,J, and we let ¢; denote the chosen
scale of program j. For simplicity, we focus on the constant returns to scale case, so that the
outlays for program j at time ¢t are ¢; X;; and the associated social benefits are ¢;W;;. Adopting
the vector notation that [q];=q;, [x;];=Xy;, and [w]; =W};, the first-order condition for the

vector of optimal program scales q is

OR
0= u/ (C()) (WO — Xp — h/ (7'0> Xo) +5E |:U/ (Cl) <W1 — X1 — h/ <7'1) X1 — h/ (7'1) Doa—qf>:| s (32)
where OR/0q is the vector analog of Eq. (17). A solution is a tuple (D, q*) that satisfies Egs.
(19) and (32) where 7¢, 71, and Ry are implicitly defined by the analogs of Eqgs. (14) and (16).
To better understand how social and fiscal risk create interdependencies amongst programs,

we can again approximate the first-order condition. In the risk-neutral case where v = 0 and

n > 0, the approximate first-order condition for the scale of program j is

Expected net marginal benefit of program j

0 = (Wo — Xoj) +%E Wy — Xy] (33)
—, T (1D+(Go+BE[G1)) + X, as(Xox+BE [X1z]) 1 Yo+BE[Y]
- {h += (? T AR >] (Xo;+BE [X14])

~~
Expected fiscal cost of program j

e [T (G T ) ]

T Y

TV
Fiscal risk of program j

/

In the single-program case studied above, we took other government expenditures G, as given.
Now G, is supplemented by the sum of expenditures on other programs in the portfolio, >, qxXu.
Thus, the expected fiscal cost and fiscal risk of program j depend on the scale of other programs
in the government’s portfolio. And, crucially, the desire to manage fiscal risk means that the
government dislikes programs that require large outlays in states where other large-scale programs

in the portfolio also require significant outlays.
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In the Ricardian case where v > 0 and n = 0, the approximate first-order condition is

Expected net benefit marginal benefit of program j

e ~

0 = (W — Xoj) + R IE Wy, — Xy (34)
- 7~ —pCov [Y1 — G1+ >, ¢ Wi, — Xax) , Wi, — Xqj] .
1—~ (Oo — C)

~
Social risk of program j

Thus, when v > 0, the desire to manage social risk means that the government likes programs
that deliver large net benefits in states where the portfolio of government programs delivers small
net benefits. The interdependence that arises in the Ricardian limit of our model with risk-averse

households is akin to the interdependence recently emphasized by Martin and Pindyck (2015).

6.2.1 Optimal scale of debt guarantees versus regulation

To illustrate these portfolio intuition, we now study how the optimal mix of debt guarantees and
financial regulations varies with the extent of tax distortions and the government’s preexisting
fiscal commitments. We assume that both financial regulations and debt guarantees may be
beneficial from a financial stability standpoint, helping to reduce the likelihood or severity of
financial crises. However, they may differ in how effective they are (i.e., in the social benefits
they generate in recessions) and how much fiscal risk they create.

For simplicity, we work with the risk-neutral case where v = 0 and n > 0. Without loss of
generality, we focus on benefits and outlays at time 1, assuming that Wy; = 0 and Xy; = 0 for
programs j = 1,2, Go = E[G1] =0, and Yy = E[Y;] = Y. To ease notation, we drop the time
subscripts so that, for example, X,., denotes outlays associated with the regulatory program and
X,

stee denotes outlays associated with debt guarantee program at time 1.

We assume that regulation is a fiscally safe program in the sense that outlays are constant
across the three time 1 states, so Var [X,,] = 0. Regulatory outlays can be thought of as the costs
of paying regulators and conducting bank examinations. As discussed above, debt guarantees are
a fiscally risky program so Var [X ] > 0: the program incurs fiscal costs in the severe recession
state at time 1. Furthermore, as before, we assume that spending on debt guarantees tends to

be high in states where tax rates would otherwise be high, so C'ov [G — %Y, Xgtee| > 0.
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Using the approximation in Eq. (33), the optimal program mix satisfies:

qreg _ (1 + 6_1) E [Wreg — Xreg] T (E [Xreg])_l
LZtee] - 77/? ( E [Xreg] h) 0 ] (35)
1 E [thee] (E [Wgtee - thee] _ E [Wreg - Xreg}) - (E [X"‘Bg])_l E [thee]
1/Y Var [Xgee] E[Xgtee] E[X;e] 1

Cov [G - %, thee]
B Var [Xgtee]

(B [Xreg)) ™
0

—ﬁ_lD

~(BEXu) P [thee]] |
1

The first term in Eq. (35) says that an increase in the effectiveness of regulation in generating so-
cial benefits E [Wyeq — Xyeg] /E [Xyeq], raises gf,,.'* The second term in Eq. (35) says that an in-
crease in the differential expected returns to guarantees versus regulation, £ [Wiee — Xgtee] /E [Xgtee] —
E [Wyeg — Xyeg) /E [Xyeg), leads the government to substitute from regulation towards guaran-
tees. Indeed, since guarantees are fiscally risky, the government should only choose gy, > 0 if
the expected returns to guarantees are sufficiently greater than the returns to regulation. Given
the desire to smooth tax rates, any substitution from regulation to guarantees is stronger when
Var [Xgiee] is small. The last two terms in Eq. (35) capture the way that background fiscal risk
impacts the choices of g;,, and gy;,.. The following proposition describes the behavior of the

optimal mix.

Proposition 4 Suppose that v =0 and n > 0 and that regulation and debt guarantees have the
characteristics assumed above. At an optimum where both q;., > 0 and gy, > 0, we have the

following comparative statics:

e 0q;.,/0Corr|G — %Y, Xgiee] > 0 and 0./ 0Corr|G
b 361;66/(977 o« —{E [Wgtee - thee] /E [thee] —FE [ng

_K thee] < 0;

— Xyegl JE [Xregl} < 0; and
Oy /00 0 = (14 B7) {E [Wiey = Xoeg) /B [X,eg]} |
+ ((E [thee])2 /Var [thee]) {E [Wgtee B thee] /E [thee] —F [WTeg - Xreg] /E [Xreg]}

Since taxation is distortionary, raising the correlation between spending on debt guarantees
and tax rates, Corr|G — %Y, Xgiee| makes guarantees less attractive and regulation more attrac-
tive. Similarly, an increase in tax distortions always leads to a reduction in the scale of the

fiscally risky debt guarantee program, dq,../0n < 0.

14The expected benefits of regulation should be thought of as net of any negative effects regulation has on
growth. Since we are examining the risk-neutral case here, only the expected net benefits matters; their covariation
with the state of the economy does not matter.
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7 Conclusion

Traditional public finance models have not fully incorporated the impact of risk management
considerations—both social and fiscal—on optimal policy. We use insights from the literature
on portfolio choice and corporate investment to develop a flexible framework for conducting
cost-benefit analysis in a dynamic, stochastic environment.

We highlight the interaction between the government’s social and fiscal risk management
motives. These motives frequently come into conflict because programs with significant social
risk management benefits often entail large government expenditures and, hence, higher tax
distortions in bad times, adding to fiscal risk. Neither social risk nor fiscal risk can be judged
in isolation. For example, a program’s fiscal risk depends on how its outlays comove with those
of other programs. As a result, government cost-benefit analysis acquires the flavor of a classic

portfolio choice problem.
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A Derivations and proofs

A.1 Derivation of Eq. (12)
We have

(s —1+n)" —n?

Gty = |6 (1 =m) —

) + W (q) + (Net trade govt bonds),

g*_l 2_ 2
= Y Ef(l—Tt)—(t hatl) ?7)+Wt(q)+Tt—Gt—Xt(q) [by definition]

2n
. (=149 =0 _ .
— (- n)H%@—@—&@HmeZ&MH
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=Y (1—777't)—( Uik 2 ) ?7)+Wt(q)—Gt—Xt(q) [since £ = 1 — 07y

1 ) o .
= (1= ) ()~ G- Xela) impiitying.

The second equality follows from the definition: (Net trade govt bonds), =T, — G, — X, (q) .

A.2 Proof of Proposition 1

Differentiation of Eq. (13) and substitution of the effect of changing ¢ on household consumption
at times 0 and 1 as:

0Cy  0C, I7g _ ' v N /

50 oy = Wel@ = Xo(0) =k (r0) Xo 0

oCc,  0C, 014 - ! ' N / ! 8Rf
50 om s = W@ =Xi(@) =W () Xia) = (1) Doy .

A.3 Derivation of Eq. (24)
To derive Eq. (24), we begin with Eq. (22) in the paper:

0 = u'(Co) (W (q) — X (q) — ' (70) X () (36)

OR;

#08 |o (€3) (W) = X ) = (r) Xt ) = () D2 )|

Let M, = pu’ (Cy) /u’ (Cy) denote the representative household’s stochastic discount factor and
note that R;l = F [M;] by household’s Euler equation for riskless bonds (Eq. (16)). Dividing
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Eq. (22) by o (Cs) and making use of the definition of M, we have
0 = (W)= Xb(a)— W (r0) X (a))
v 30y (W) = X1 (0) — (1) X @) = 1 (r) Do 5 )|
— (W la) — X () — K (7o) X a)
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Expected net marginal benefit
o\

— Wi(q) = X} (0)) + B"E W] (q) — X} (q)]

Expected fiscal cost
N

-~

_(h’ (T0) Xo (q) + RSV E[W (1) E {Xi( >+DoéRfD

+Cov [ My, Wi (q) — X (9)] - REICOU [ (1), X] (q)l — Cov [Ml, R (71) (X' (q) + DoaRf)}

dq
Social risk management Fiscal risk management ~~
Interaction between social and fiscal risk

The second equality follows from the fact that, for any Z;, we have E [M17Z,] = E [My] E [Z1] +
Cov [My, Zy] = RJZlE [Z1] + Cov [My, Zy]. The third equality follows from the fact that

R'E [h (11) X} (q) + I (11) DoaRf]

Jdq
OR;
dq

OR;

= R'E[N (n)]E[X{( )+ Do~ 0q

} + Ry Cov [h’ (m), X1 (@) + Do *
= RyE[N(r))E [Xi (9) + Dﬂaa_ﬂ + Ry Cov [ (1), X ()],

(note that DyORs/Jq is a known constant at ¢ = 0 and does not covary with »'(71)) and by
rearranging.

A.4 Proof of Proposition 2
When v = 0 and n > 0, the first-order condition for Dy is

L Yo [0 Y
T Y " |T Y|
This implies that

 D+Go—E[Gi]+q(Xo— E[X1]) + £ (E[V1] - Yo)
0 — 1_{_6,1 ’

where 7! = Ry is the gross interest rate between time 0 and 1. Thus, the government chooses
Dy to smooth expenditures GG; and X; and the accumulated debt burden D across periods. The
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solution for Dy can be substituted into the government budget constraints to obtain
D+ (Go+ BE[G1]) + q(Xo + BE [X1]) — BL (E V1] — Yp)
1+
T D+ (Go+ G1) + q(Xo+ 6X1) + (G1 — E[G1]) + ¢ (X1 — E[X1]) + £ (E[Y1] = )
1 — .
1+

The approximate condition for the optimal scale of the government program ¢ reduces to

0 =

o T (Ty Yo
0 = (Wo—Xo— (W+i=(2-22))x
(o= (1 (7 - 3) ) )
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Expected net marginal benefit
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~

= (Wo—Xo) + BE W1 — X)]

(s (7)) oror ooy (7 3) o)

~
Expected fiscal cost
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Fiscal risk management

To solve for ¢*, we need to substitute the expressions for tax revenue into the optimality
condition for ¢ and solve. First, note that

T Y T 1+ 8 Y 148

Ty Yy 1D+(Go+fE[GI) +q(Xo+BEX]) 1Y% +GEM)

Since Ty — Ty = (G1 — E[G1]) + ¢ (X1 — E[X1]) + L (E V3] - Yp), we have

(R (TO Yo)+(T1—To Yl—Yo)

T Y T Y T Y
- @_é)+((Gl—E[G11>+Tq<X1—E[X11>_n—f[m)

Solving for ¢ yields Eq. (29). Proposition 2 then follows from differentiation of Eq. (29).

A.5 Proof of Proposition 3
Since C; = C,, the approximate optimality condition for ¢ reduces to

0 = (14+79C—~Yo—Go+q(Wo— Xo))) (Wo — Xo)
+AE[(1+7C =y (Y1 = G+ q(Wh = X1))) (W — X1)] .

Solving for ¢ yields Eq. (30), and Proposition 3 follow from differentiation of that equation.
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A.6 Proof of Proposition 4
Differentiation of Eq. (35).

B Derivation of Approximate Solutions

First, we use a first-order Taylor approximation of the marginal deadweight cost of taxation:

Here T and Y are the expansion points for the approximation and A’ and 7 are constants given
below (whenn = 0, b’ = 77 = 0). Thus, the marginal deadweight cost of taxation is approximately
linearly increasing in the dollar value of tax revenue 7; and approximately linearly decreasing
in the dollar value of exogenous output Y;. To derive this approximation note that, since 7, =

(1—+/1—4nT3/Y;)/ (2n), we have

— T (T, Y,
W)= 1~ g (—t——t)

where 7 = (1 — /1 —4nT/Y)/ (2n), B = (n7)/ (1 —2n7), and 7 = n/ (1 — 2n7)°.

Next, we approximate consumption using
CrmCi=Yi— (Y0224 W (T, =T) iy (i = Y) ) + Wig = Xig - G,

where 7 and 7, are constant given below (when n = 0, 7,y = 0). Again, consumption can be
linearly approximated as decreasing in tax revenue 7; and increasing in output Y;. To derive this
approximation, note that we have

nYr2 )2~ Y722 + B (T, = T) — iy (Vi = Y),

where 7y = B’ (T/Y) — (n/2) 7% and lim,_q 7y = 0.
We next approximate households’ marginal utility by taking a first-order Taylor series approxi-
mation about the consumption level C' that satisfies v’ (C’) = 1. Letting v = —u” (C) Ju/ (C) >0

denote the coefficient of absolute risk aversion at C; = C, this yields
W (C)m1—~(Cr—C) ~1—(C,—T).

Thus, households are risk neutral when v = 0 and are risk averse when v > 0.1 We restrict

attention to parameters where the right-hand side is positive—i.e., where C; < C' 4+ ~7L.
Finally, we approximate the riskless interest rate as

1= (Yo~ 177 — Gy~ O)
1—7(E[Y; — YT - G4] - O)’

szf%fzﬁfl

15This approximation is exact if households have quadratic utility.
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time 1 tax revenues as T} ~ G1 + X1q + RfDo, and OR/0Dy and OR/0q using the constants

OR; A R2Byh' + A1 -
9Dy T B =B - IYT — Gi] = O)) + Ry O=
OBy . s _. RiBE Wy — X, (1+1)] — (Wo — X (14171’)_) |
dq B =B, - VT -Gy - O)) + BRyDh'y
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Figure 1: Example government program: Bank debt guarantees. The example government

program is a bank debt guarantee program that creates financial stability benefits
following the arrival of bad news.

Timet=0 Timet=1/2 Timet=1

Banks purchase risky assets Bad news arrives with
and issue risky equity and safe probability 1-7.
debt—either insured on
uninsured—to households

Payoff on risky asset revealed.
Payoff on claims issued to
Insured debt is safe households also revealed.

because the government

guarantees payment in
state LL at time 1.

s=H
Good Economic expansion,
news bank assets perform well.
Win(q) =0
Xiu(q@) =0

s=LH

Mild recession,

modest asset losses.
Win(@ = —-1Dm;-q
X1u(@) =0

1-7

Government collects an
insurance premium for If there is bad news,

providing debt guarantees: uninsured debt is made
Xo(@) =—-p(A-m)(1 - 6)m; - q. safe by liquidating assets s=LL
at a fire-sale price. Severe recession,
Government debt guarantees assets are worthless.
may create moral hazard: These liquidations lead to Wi (q) = fm; - q
Wo(q) = Wo - q, Wp < 0. costly underinvestment. X (@) =m; - q
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Table 1: Costs and benefits in bank debt guarantee example. This table presents the costs and benefits of a bank
debt guarantee program that creates financial stability benefits following the arrival of bad news. s is the state of the
world realized at time t=1, X, is the fiscal cost of the program in state s, and Wi, is the social benefit of the program
in state s.

s Pr(s) Xis Wis Wis— Xis
H 7 0 0 0

LH (1- 20 0 (F~ Vo (£~ D
LL (1 — 72')(1 - 9) pany; fHY] (f* 1)12]]
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Table 2: Model parameters for the numerical example. This table presents the baseline model parameters that
we use in our numerical example. The example government program is a bank debt guarantee program that creates
financial stability benefits following the arrival of bad news.

Parameter Description Value
Background economy

Yo Private income at time 0 1
Go Other government spending at time 0 0
T Probability of the H state at time 1 50%
o Probability of a recovery following bad news at time 1/2 50%
Yiu Private income in H state at time 1 1.2
Gin Other government spending in H state at time 1 -0.1
Yiiw Private income in LH state at time 1 0.85
Ghrm Other government spending in LH state at time 1 0.075
Yiz Private income in LL state at time 1 0.75
Girr Other government spending in LZL state at time 1 0.125
Household preferences

yij Discount factor due to household time preference 1
1% Household risk aversion 0.25
c Baseline level of consumption 1
Fiscal parameters

n Parameter governing tax distortions 0.15
D Initial accumulated debt 0.667
Government program under consideration

W Additional private income at time 0 -0.0365
Xo Additional government spending at time 0 -0.0125
Wik Additional private income in H state at time 1 0
Xim Additional government spending in A state at time 1 0
Wira Additional private income in LH state at time 1 0.05
Xirw Additional government spending in LH state at time 1 0
Wire Additional private income in LL state at time 1 0.1
Xz Additional government spending in ZL state at time 1 0.05
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Table 3: Optimal fiscal policies in numerical example. This table illustrates optimal fiscal policies in our numerical
example. The example government program is a bank debt guarantee program that creates financial stability benefits
following the arrival of bad news. The ten rows show how optimal policy varies with parameters of the background
economy and the program under consideration. The five columns show how optimal policy varies with household risk
aversion () and fiscal costs (7).

Baseline
Higher D
Higher E[Y]
Higher Var{ Y]
Higher E[Gi]
Higher Var{G]
Higher E[ W)
Higher Var W]
Higher F[Xi]
Higher Var{Xi]

Baseline
Higher D
Higher E[Y]
Higher Var{ Y]
Higher E[Gi]
Higher Var{G]
Higher E| W)
Higher Var W]
Higher F[Xi]
Higher Var{Xi]

Baseline
Higher D
Higher E[Y]
Higher Var{ Y]
Higher E[Gi]
Higher Var{G]
Higher E| W)
Higher Var W]
Higher F[Xi]
Higher Var{Xi]

1) (2) (3) 4) (5)
Baseline Risk-neutral Ricardian Higher y Higher 7
r=0.25, n=0.15 =0, n=0.15 =025, 7=0  »=0.50, =0.15  }=0.25, 7=0.175
Panel A: Optimal program scale (q)

3.28 2.16 6.30 3.45 2.66
2.78 1.27 6.30 3.03 2.04
2.93 2.69 5.61 2.96 2.38
3.56 1.53 6.98 3.91 2.87
3.47 1.99 6.64 3.71 2.82
3.39 1.61 6.64 3.67 2.72
3.68 3.65 6.80 3.67 3.03
3.29 2.16 6.30 3.47 2.68
3.19 1.83 6.20 3.40 2.58
3.23 2.08 6.30 3.41 2.61
Panel B: Optimal government debt (D)

0.24 0.27 N/A 0.22 0.25
0.31 0.35 N/A 0.29 0.32
0.26 0.27 N/A 0.24 0.26
0.22 0.27 N/A 0.20 0.23
0.22 0.26 N/A 0.21 0.23
0.23 0.27 N/A 0.21 0.24
0.23 0.24 N/A 0.22 0.24
0.24 0.27 N/A 0.22 0.25
0.24 0.28 N/A 0.23 0.25
0.24 0.27 N/A 0.23 0.25
Panel C: Riskless interest rate (rr= Rs— 1)

4.1% 0.0% 8.0% 8.8% 3.3%
3.5% 0.0% 8.0% 7.7% 2.6%
5.0% 0.0% 8.5% 10.3% 4.3%
4.5% 0.0% 8.9% 10.1% 3.6%
3. 7% 0.0% 7.8% 8.1% 2.9%
4.2% 0.0% 8.5% 9.4% 3.4%
4.6% 0.0% 8.7% 9.5% 3.8%
4.1% 0.0% 8.0% 8.9% 3.3%
4.0% 0.0% 7.9% 8.7% 3.2%
4.0% 0.0% 8.0% 8.7% 3.3%
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Table 4: Approximate optimal fiscal policies in numerical example. This table illustrates optimal fiscal policies
in our numerical example. The example government program is a bank debt guarantee program that creates financial
stability benefits following the arrival of bad news. The ten rows show how optimal policy varies with parameters of
the background economy and the program under consideration. The five columns show how optimal policy varies with

household risk aversion () and fiscal costs (7).

Baseline
Higher D
Higher E[Y]
Higher Var{ Y]
Higher E[Gi]
Higher Var{G]
Higher E[ W)
Higher Var W]
Higher F[Xi]
Higher Var{Xi]

Baseline
Higher D
Higher E[Y]
Higher Var{ Y]
Higher E[Gi]
Higher Var{G]
Higher E| W)
Higher Var W]
Higher F[Xi]
Higher Var{Xi]

1) (2) (3) 4) (5)
Baseline Risk-neutral Ricardian Higher y Higher 7
7=0.25, n=0.15 =0, 7=0.15 =025, 7=0  »=0.50, =0.15  »=0.25, 7=0.175
Panel A: Optimal program scale (q)

3.82 4.62 6.30 3.73 3.33
3.58 4.62 6.30 3.46 3.05
3.27 4.62 5.61 3.12 2.81
4.30 4.18 6.98 4.30 3.77
4.09 4.62 6.64 4.03 3.58
3.99 3.95 6.64 3.98 3.47
4.26 7.17 6.80 3.96 3.76
3.83 4.62 6.30 3.74 3.35
3.72 4.08 6.20 3.68 3.24
3.78 4.47 6.30 3.69 3.28
Panel B: Optimal government debt (D)

0.29 0.28 N/A 0.29 0.29
0.36 0.34 N/A 0.36 0.36
0.30 0.28 N/A 0.30 0.30
0.28 0.28 N/A 0.28 0.29
0.27 0.26 N/A 0.28 0.28
0.28 0.28 N/A 0.28 0.29
0.28 0.24 N/A 0.29 0.29
0.29 0.28 N/A 0.29 0.29
0.29 0.28 N/A 0.29 0.29
0.29 0.28 N/A 0.29 0.29
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