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Abstract

This paper studies theoretically and empirically the effect of fiscal policy
uncertainty on asset prices. We first propose a general equilibrium model
endowed with a public and private sector. The latter is populated by het-
erogenous agents who learn about the impact of the public sector’s fiscal
policy on firms. Agents disagree about the effectiveness of the government’s
fiscal policy and their disagreement generates fiscal uncertainty risk that is
priced in equilibrium. We then estimate a novel model-implied measure of
fiscal disagreement from a large cross-section of forecasts on future budget
deficits. Using this proxy, we find that firms with lower loadings on fiscal
disagreement outperform firms with high loadings by 6.58% annually. The
implied market price of fiscal uncertainty risk is negative, highly statistically
significant and cannot be explained by other standard risk factors. Finally, a
calibrated version of the model matches well the empirical findings recovered
in the data.
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Over the past couple of years, investors have faced larger than usual uncertainty
about government policies. For example, the uncertainty surrounding the expiration of
the Bush tax cuts, the fiscal cliff and the government shutdown in 2013 are often cited
as having had a negative impact on real quantities and asset prices. While the recent
literature has studied the effect of fiscal uncertainty on macroeconomic quantities or the
aggregate stock market, we show in this paper both theoretically and empirically that

fiscal uncertainty is an important determinant of the cross-section of equity returns.

Motivated by work that links government uncertainty to asset prices (see, e.g., Péstor
and Veronesi (2012, 2013)), we explore how agents’ disagreement about the impact of
a fiscal policy on fundamentals affects firms’ stock returns. To this end, we propose
a parsimonious general equilibrium model where heterogeneous agents disagree on the
extent to which public spending affects the aggregate output growth rate. In particular,
we assume that the government implements a countercyclical fiscal rule that reacts to
negative (positive) past output shocks by expanding (contracting) its spending target,
which impacts expected output growth. In order to implement its fiscal rule, the gov-
ernment diverts a fraction of aggregate output from the private sector. Agents have
different beliefs about the scope for public stimulus: agent a (b) believes that the gov-
ernment sets a larger (smaller) long-term goal for the output growth rate induced by
public intervention. Since agents “agree to disagree” and never converge to a consensus
fiscal rule, their beliefs about the future evolution of output and public spending diverge
systematically. The likelihood ratio of these beliefs is a proxy for the uncertainty about

the fiscal rule and fluctuations in fiscal uncertainty are priced in equilibrium.

To generate a cross-section of firms, we adopt the EBIT-based modeling framework
of Leland (1994), Goldstein, Ju, and Leland (2001), Bhamra, Kuehn, and Strebulaev
(2010), and Chen (2010), among others, where firms have a static capital structure
consisting of equity and a console bond. After modelling firms’ exogenous random
default event to replicate the properties of an endogenous default, we obtain equity and
bond prices, and risk premia in closed form, modulo a simple inverse Fourier transform.

Using a set of calibrated parameters, we inspect whether the predictions of our model are



qualitatively consistent with our empirical findings about the price of fiscal uncertainty

risk in the cross-section of stock returns.

We then test the theoretical predictions in the data. To this end, we first construct
a novel measure of fiscal disagreement from a large cross-section of forecasts about next
year’s Federal budget deficit and US GDP growth. Using a Kalman filtering approach,
we then estimate for each individual forecaster her perceived fiscal action. Each month,
we then define fiscal disagreement as the difference between those forecasters who believe
that the government’s fiscal policy is effective and ineffective. To measure each firm’s
sensitivity with respect to the fiscal uncertainty proxy, we run rolling regressions from
stock returns onto changes in our fiscal uncertainty proxy. Using data from 1994 to 2013,
we show that loadings on changes in fiscal uncertainty vary a lot in the cross-section and
negatively predict future stock returns. For example, when we sort stocks into different
quintiles based on their fiscal uncertainty exposure, we find that low exposure stocks offer
significantly higher returns than high exposure stocks. More concretely, the portfolio
with the lowest exposure has an annual return of 13.49% whereas the highest exposure
portfolio has a return of 6.99%. The spread is —6.5% per year and statistically highly
significant. Interestingly, we find almost no relationship between fiscal exposure sorted
portfolios and the leverage or size of a firm. Both the average leverage and the average
firm size are almost constant across the different portfolios, implying that there is an
almost flat relationship between exposure to fiscal uncertainty and leverage/firm size.

We also re-confirm these findings using standard Fama and MacBeth (1973) regressions.

Our paper proceeds as follows. Section 1 sets up a general equilibrium featuring fiscal
uncertainty and Section 2 presents the empirical analysis. Section 3 concludes. Proofs

are deferred to the Appendix.

Literature Review: Our paper is most closely related to the literature studying
the link between government policy and asset prices (see Péstor and Veronesi (2012,
2013)). In their model, expected firm profitability is affected by the prevailing govern-
ment policy and this effect is unknown. Both the government and investors learn about
the current policy’s impact in a Bayesian fashion. Two types of uncertainty affect stock

returns: Impact and political uncertainty. The former origins from agents’ learning



process and is represented by the standard deviation of agents’ prior beliefs about the
policy impact. The latter is associated with a political cost that is incurred whenever
the government changes its policy. Different from their contribution, in our model fis-
cal policy uncertainty is generated by agents’ disagreement about the precise impact
of a fiscal rule. Since we are interested in the implications of this uncertainty for the
cross-section of returns, we explore how exposure to systematic risk and to the impact of
public spending generates heterogeneous exposure to fiscal uncertainty. Moreover, fiscal
uncertainty exposure is tightly linked to a firm’s fundamentals like leverage, its exposure

to government spending, and the cyclicality of its earnings.

This is not the first paper that studies the effect of fiscal uncertainty on stock returns.
For example, Croce, Kung, Nguyen, and Schmid (2012) examine the effects of fiscal poli-
cies in a production-based general equilibrium model in which taxation affects corporate
decisions. When agents feature recursive preferences, the authors show that tax uncer-
tainty contributes significantly to the market equity premium. Sialm (2006) finds that
both term and equity premia are higher because they compensate investors’ for the risk
that taxes change over time. Gomes, Michaelides, and Polkovnichenko (2012) study an
incomplete market model with heterogeneous agents where government debt and equity
are imperfect substitutes. Changes in tax rates and government debt affect asset prices.
For example, an increase in public debt is shown to lead to both a higher risk-free rate
and a lower equity premium. Different from these papers, we study a different type of
fiscal uncertainty which stems from agents’ disagreement. Moreover, we study the effect

on the cross-section of equity returns rather than the market itself.

The effect of government spending and more generally political cycles on asset prices
is studied in Belo, Gala, and Li (2013) who construct a novel measure of industry ex-
posure to government spending. It is defined as the proportion of each industry’s total
output that is purchased directly by the government sector, as well as indirectly through
the chain of economic links across industries. The authors find that stock returns are pre-
dictable over political cycles and that during Democratic (Republican) presidencies firms
with higher exposure to government spending experience higher (lower) stock returns.

Da, Warachka, and Yun (2014) study how fiscal policies affect consumption volatility



on the US state level and document that volatility is lower in states that implement
counter-cyclical fiscal policies and that stock returns of firms which are headquartered
in these states have lower stock returns. The role of government spending uncertainty
on private investments has been explored in for example Julio and Yook (2012) who
find that firms’ investments drop during election periods. Our paper also contributes to
the literature that studies the effect of government spending on firm’s capital structure.
For example, Graham, Leary, and Roberts (forthcoming) find that government debt is
strongly negatively correlated with corporate debt and investment, suggesting a crowd-
ing out effect from public spending. Large and less risky firms are more affected as their

corporate debt is a closer substitute to Treasuries.

A large macroeconomic literature studies the relationship between fiscal uncertainty
and the real economy. Fernandez-Villaverde, Guerron-Quintana, Kuester, and Rubio-
Ramirez (2013) study the effect of temporary increases in fiscal policy uncertainty on real
quantities within a New Keynesian model. To this end, the authors estimate different
fiscal rules and interpret the changes in the volatility of the innovations in the fiscal rules

as fiscal policy uncertainty:.

Finally, our paper is also related to the literature that studies the asset pricing
implications of learning and heterogeneous agents. For example, Basak (2000, 2005)
and Buraschi and Jiltsov (2006) study how equilibrium consumption sharing between
optimistic and pessimistic agents affects equity and option prices. Dumas, Kurshev,
and Uppal (2009) also allow for learning and focus on the implications for equity and
optimal portfolio allocations while Buraschi, Trojani, and Vedolin (2013) study how

disagreement affects credit spreads in the cross-section.

1 The Model

In this Section, we describe a general equilibrium model endowed with a public (the gov-
ernment) and private sector where the latter is populated by disagreeing investors. The
model draws upon two strands of the literature (i) the political uncertainty literature
(see e.g., Pastor and Veronesi (2012)) and (ii) the literature studying how investors’ dis-

agreement affects asset prices (see e.g., Scheinkman and Xiong (2003)). In the spirit of
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the latter, we assume that agents do not observe the precise impact of the government’s
fiscal action on growth rates of fundamentals. They also disagree on the characteristics
of this action, namely its long-term goal and cyclicality. We next discuss the economic
environment, derive equilibrium quantities and characterize the impact of agents’ dis-

agreement on asset prices.

1.1  Fundamentals

We consider a continuous-time endowment economy defined on an infinite time-horizon,
and populated by two groups of agents: the “public sector”, or Government, and the
“private sector”. The public expense for consumption and investment (G;) is modeled
exogenously as a time-varying fraction ¢; of aggregate output C;: G; = §;C;. The
purpose of public expenditure is to control the expected output growth rate by means

of an action A;. In other words, the aggregate endowment evolves as follows:

dC
Ftt = (Mc + At) dt + Ucht7 (1)

where p. and o, are constant parameters. By definition the government action impacts
public expense. For analytical convenience, we model the dynamics of g, = 1 — g;, the
percentage of output accruing to the private sector net of public expense:

9t _ —aAdt + o,dB,. (2)
Gt

Intuitively, larger actions reduce the expected private share: if a fiscal expansionary

multiplier effect is present, the impact of the action on output is larger than its impact on

the budget, hence « should be positive and smaller than one.! However, macroeconomic

studies disagree on the extent of fiscal multipliers, often arguing about a contractionary

effect due to crowding-out, in which case a > 1. We refer to A; as a “fiscal policy rule”

"'While the process g; is not bounded above by one — contrary to the consumption shares processes
in Menzly, Santos, and Veronesi (2004), for instance — they allow analytical tractability. We check that
the parameter set used in the empirical section implies a very small probability that the process exceeds
one.



and we assume that it is designed to reach a long-term target A — at an exponential rate

A — and to partially offset past shocks to output growth:

_ t dC.,
Ay=A(1—e™M)+ p/ e M9, ( CC — (pte + As)ds> ds
0 s
t
++/1— p2/ e Mg dW,. (3)
0

Note that the second component of A; in expression (3) is an exponentially weighted
average of past unexpected output growth, scaled by a constant o4, and pre-multiplied
by a correlation parameter p. p captures the correlation between aggregate output and
the fiscal action. The intuition is that current public expense can have an effect on
output growth, however, this effect is not immediate but takes time to materialize. The
residual component is driven by an independent innovation dW;. Taking differentials in

(3) leads to the following dynamics:

dA = NA = A)dt + 04 (pdZy +/T= 7 dW;) (4)

The private sector is uncertain about the fiscal action because A; is unobservable, as well
as the Brownian motions Z; and B;. There are two types of representative private agents,
a and b, holding different beliefs about the data generating processes, possibly due to
contrasting views about the effectiveness of public economic intervention. For example,
the economic crisis of 2008 ignited a heated discussion about US fiscal policy with the
Federal Funds rate close to zero. While some economists emphasized an increase in
government spending (see, e.g., Krugman (2009)), others argued that the best response
would be to reduce both taxes and spending (see, e.g., Cato Institute (2009)).

As in Scheinkman and Xiong (2003) or Dumas, Kurshev, and Uppal (2009), this
heterogeneity originates in subjective views about the model: in particular group a,
supporting intervention, believes that the effect of public spending is countercyclical, in
that the government aims at a balanced target that partially hedges past output shocks.
Moreover, it assumes a large long-term growth goal. Group b instead, supporting a
laissez faire policy, does not believe that the action offsets past output shocks and

undermines fiscally induced long-term growth. Denoting agents’ subjective parameters



by a subscript, we can summarize these views as follows: A, > Ay, po < 0, pp = 0. It is
reasonable to assume that both cyclicality and long-term impact of the fiscal action are
subject to disagreement. While net public spending propensity is observable,? its effect
on growth is an estimate subject to measurement error and influenced by prior beliefs
about the political cycles.® Both types of agents infer in a Bayesian fashion the policy
rule A; from the available information set, which comprises output growth and private
output share growth. Since they “agree to disagree” about the evolution of the rule,

their posterior estimates Al = E[A,|F59], i = a,b will diverge in general:
ML ITA 47— i aB;
o, o,

dni , 1 2
To— 2P )urda-d - (Hr %) imab ©)

o2 52
dt oo o,

dA} = NA; — A)dt +

These dynamics follow from Theorem 12.7 in Liptser and Shiryaev (2000). The processes

N 1 [dC, N
dZi = — | Z (e Ayt 6
A ©)
dBi = —[ﬁ+aA;dt], (7)
Og | Gt

are standard Brownian motions under the subjective belief of agent 4, and Ef[] denotes
expectation with respect to this probability measure. The distinct posterior variances

nt = Bi[(A, — A)2|F9) can be shown to converge asymptotically to the limit:

s ) ot —gn (3 5) - (4 520)
ni = (L N a_2> . (8)

2For example, Frankel, Vegh, and Vuletin (2013) estimate a negative unconditional correlation of
-40% between US GDP growth and public spending between 1960 and 2009.

3For instance, Belo, Gala, and Li (2013) find differential effects of government spending on firms
during Democratic and Republican presidencies.




Following the incomplete information literature, we set 1 = 7;, assuming convergence
has taken place. The subjective dynamics about the growth rates of output and private

share are as follows:

dC - N
— = (pe+ ADdt 4 0.dZ!,

Cy

d . AN

S~ _aAidt +o,dB, 9)
gt

which implies the following restrictions about the innovations:

s ma AT — AD ~ a Ao — A

dz? =dz¢ + —+—"Ltdt,  dB’=dB¢ — a(t—dt. (10)
Oc o

We refer to ¢y = ﬁ?—;ﬁ’ as the disagreement between the inferences of the two types. The

disagreement process is our proxy for fiscal uncertainty. Expression (10) together with

Girsanov’s theorem suggest that the difference in belief can be conveniently summarized

by the likelihood ratio process 6; = fl% , with the following dynamics:
t
do, 1 - a o~
— == —dZ} — —dBy 11
et ¢t (O_C t 0_9 t) ) ( )

so that expectations about agent b’s subjective belief can be expressed in terms of group
a’s: E'[X] = E?[0,X]. By Itd’s lemma, the disagreement process ¢; evolves according
to the following mean-reverting dynamics:

—_ a -~ 1 =

doy = w(d — dp)dt — (0, — Ub)U—dBf + (Na + 0a0cpa — 77b>O__dZta' (12)
g c
where
a? 1 - MNA, -
w:)\+77b< +§) and gb:M

)
g z

1.2 Characterization of Equilibrium

We assume that both agents have CRRA additive utility of inter-temporal consumption,
with homogeneous parameter of relative risk aversion v and subjective discount rate ¢.
Markets are complete, because we assume that agents can continuously trade at least

one financial asset in addition to a locally risk-less bond in zero net supply — with interest



rate r; — and the stock market, a claim to aggregate output. There is a unique state-
price density, denoted by &2 (£%) when represented relative to the subjective probability

measure of agent a (b). £ reads explicitly:*

t a,Z\2 a,B\2 t —~ ~
e exp (_ / (m(f@s G >> - [ (Kg,degMg,Bng)), (13)
0 0

a,B

where k)’ Z and ke~ are the market prices of risk as perceived by agent a. The following

Proposition explicits the state-price density and its components:

Proposition 1. Relative to agent a’s belief, the state-price density reads explicitly:

1\
) (1407) (14
while the equilibrium interest rate and market prices of risk are:
1
reo= 5+ [@+ (- Ay 5y(y + (00 +op) (15)
1y—1 2 1
+§Tw w®(6)¢ (U—CQ + ) 5 (16)
/{f’Z = ~oc + Uﬂw (0:); ’ft =70c — ;ﬂw (6:) (17)
a [6% « a
/ﬁtyB = 704 — gb_wb(et)§ ’%?B =04+ ¢_w wt)’ (18>
o Og

where w®(0;) and w®(0,) = 1 — w(0,) are the equilibrium shares of private consumption
of group a and b, respectively:

a
o 1

aCe 14 g

w*(0;) =

1.3 The price of the market portfolio

Without loss of generality, we consider group a’s belief as the reference one. Relative to
the latter, the return of the market portfolio — claim to aggregate output — admits the

following Ito representation:

dsSy

S —,utdt+UthZ +UBtdB (19)
t

41t is easy to see that £2 = £2/6;. See the proof of Proposition 1 in the Appendix.



The expected return and volatility coefficients are determined endogenously and re-
ported, along with the equilibrium price, in the following Proposition.

Proposition 2. Given the equilibrium state-price density & reported in (14), the equi-
librium price of the claim to aggregate consumption is:

00 R -
Stc _ Ct / emg(t,s)-{-L(t,s)—i—H(t,s)g? [ <7) QEJFQ]Q,Y’V "
1\7 ;
(1 + 9,:) ! —o

X (/ e27riZ1°g6t7~’(j,z,t,s,gbt)dz)} ds (20)

o0

J

T(j727t757¢t) = T(’Z> €xp (F0<t757j7 Z) + Fl(ta 57j7z)¢t + F2<t7 57.j7 Z)(b?) (21>

where 7 denotes the smallest integer larger or equal to vy, and expressions for functions
m, L, H, and F;, j = 0,1,2 are reported in the Appendiz. If S(Cy, A, ¢r,0;) denotes
the RHS of (20), the stock return volatility components are:

- B 610g$0(7 8log3na+aAacpa_8logS( i — )i_(‘?logS@@
Zt ac,t tVe 9 A\g 0. ) th Na AT cPa b oo aet to_c
oh — _GlogS ang N 8log36tozgz§t B dlogS a(n, — nb). (22)

) gg o 00, o ol o

The derivatives appearing in the expressions are detailed in the Appendix. The equilib-
rium risk premium of the market portfolio is then

a,Z a,B
pe — 1 =0z k07 +opy kT, (23)

where the equilibrium market prices of risk k7 and " are as in (17)-(18).

The stock price representation (20) is explicit modulo an inverse Fourier transform,
which can easily be evaluated using Fast Fourier Transform algorithms.” We refer to the

Appendix for further details.
1.4 The cross-section of equity returns and credit spreads

We now populate our economy with a cross-section of N firms. To model their behav-
ior, we adopt the EBIT-based approach introduced in Leland (1994) and extended in
Goldstein, Ju, and Leland (2001), Bhamra, Kuehn, and Strebulaev (2010), and Chen

(2010), among others. We assume that firms possess a static capital structure consisting

5This Fourier Transform representation is novel and distinct from others appearing in the heteroge-
neous beliefs literature, such as in Dumas, Kurshev, and Uppal (2009).
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of equity and a console bond, serviced by a perpetual and constant coupon payment
stream ¢;, where ¢ denotes a generic firm. Firms’ EBIT evolution, under the observation
filtration and reference belief, is described by the following diffusion process:°

dE;
Ly

= (m + ,6@5;) dt + o (pi dZ¢ + /1 — p? dwg) . (24)

According to expression (24), expected earnings growth is affected by the fiscal action,
where the sensitivity is governed by the firm-specific parameter 8;. We think of 3; similar
in spirit to the industry exposure to government spending variable in Belo, Gala, and
Li (2013) who measure the effect of government spending on expected firm cash flows

from national input and output accounts.

The systematic risk component of earnings is controlled by a correlation parame-
ter p;, while the idiosyncratic shock W} is observable. We also assume that agents
do not learn the fiscal rule from the cross-section of earning growths. While focusing
on macroeconomic signals alone to infer fundamentals could be attributed to some ra-
tional inattention, we emphasize that this assumption can be relaxed without altering

qualitative results, but at the expense of parsimony.

Firms’ profits are taxed at rate 7, thus the purpose of issuing debt is to shield

7

cash-flows from taxation. Debt is issued at par,” and the proceeds are distributed

to shareholders. If k& denotes the firms’ pay-out ratio, dividends distributed to share-
holders are then a fraction k = k(1 —7) of net earnings: D! = k(E! —¢;). Equity holders
cannot increase the firm’s indebtedness, and can reduce it only by defaulting on coupon
payment, whereby control is assumed by debt holders. These can either liquidate assets
and recover a fraction 1 — ¢; of the abandonment value — the unleveraged firm value
upon default — or opt for renegotiation, which yields a fractional recovery of 1 — ¢,.
Assuming ¢, < ¢, the incentive for renegotiation leads to a Nash bargaining game,

where shareholders capture a portion p of the renegotiation surplus ¢; — ¢,, where

p denotes their bargaining power. We assume that shareholders optimally select the

6Since, as customary in the literature, we model exogenously firms’ EBIT and aggregate output, the
difference between the latter and cumulative EBIT is the remuneration of labor and other production
factors: see e.g., Bhamra, Kuehn, and Strebulaev (2010).

"That is, at its equilibrium market value implied by the coupon stream g;.
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coupon rate ¢; to maximize total firm value, although we do not solve explicitly for this
optimal level. The traditional trade-off between the tax-benefits of debt and bankruptcy
costs is apparent. The unleveraged firm value, denoted by V}, is the no-arbitrage value
of the earnings stream after taxes:

 ¢a

Vi =R [ 2 BNl —7)ds
t gt

where £ — expression (14) —is the equilibrium state-price density relative to the reference

]-"f’gl . (25)

belief (group a’s). In the Appendix, we provide an explicit representation for V.

It is in the interest of equity holders to choose a default policy that maximizes the
equity value. The latter, denoted by V;, comprises the no-arbitrage valuation of the
dividend stream until default and of the recovery value upon default. Formally, V; is the
value function of the following optimal stopping problem:

V; = sup,, B [[d %Dids + % (p(er = o)V,)

The ideal default time, solution to (26), is typically identified in terms of a critical

I

boundary, such that default is triggered the first time earnings fall below it. In model
settings where earnings are the only state variable — such as Leland (1994) — this thresh-
old is constant. In settings where earnings growth and volatility depend on a Markov
chain modeling the business cycle — such as Bhamra, Kuehn, and Strebulaev (2010) and
Chen (2010) — the default boundary is a piece-wise constant function of the state. In our
setting, this characterization is problematic, since the default boundary is a continuous
function of the (posterior) fiscal action, the disagreement process, and the agents’ likeli-
hood ratio. The absence of closed-form solutions to (26) and the large number of state
variables motivate us to introduce a simulation-based numerical method, inspired by
the American-option pricing algorithm in Longstaff and Schwartz (2001). This method
has the advantage of mitigating the curse of dimensionality to which both iterative

(contraction mapping) and finite-elements numerical strategies are prone.®

8For example, Brandt, Goyal, Santa-Clara, and Stroud (2005) propose a solution method for optimal
investment problems based on a similar reasoning.

12



The numerical method consists of approximating problem (26) with one where the
default option is available to shareholders only for a long but finite time-horizon [¢, T
— t being the evaluation date — and at a finite number of dates.” At time T, the firm
is perpetually bound to keep its current capital structure.!’ If At; denotes the time
lapsed between defaultable dates, clearly the approximate equity value converges to its
true counterpart as the decision frequency (1/Aty) and horizon (T — t) increases. The
method iterates backwards through decision dates t4(j), 7 = 1,...,nq,"" to solve the

following dynamic programming equation:

‘/ti(j) = max (p(QOl - (107’>Vzd(j)(Ei7 A\a’ ¢7 ‘9)7 Ctd(j)<Ei7 A\aa (bv 9)) (27>

ta(G+1)  ¢a &2 :
/ SsDw“%mmﬂW%H>
t

Ctd(j) (Eza Aa? ¢7 9) = E* a a
G S &hts)

C7g
Fi

(28)

As in Longstaff and Schwartz (2001), the continuation value Ctd(j)(Ei,ga, ®,0) is ap-
proximated by regressing simulated realizations of the argument in the expectation on
an appropriate base of polynomials. The default boundary is defined as the smallest

level of earnings such that default is prevented:
Eid(j)(;{au ¢,0) = {1]{11f : plpr — SOT)Vtid(j)(EiaA\au $,0) < Coy) (B, A, ¢,9)} . (29)

In the exercises to follow we consider the default boundary Fz d(o)(@l, ®,0), at the be-
ginning of the “defaultable” window, which is closest to the boundary implied by the
infinite-horizon problem (26). As customary, we obtain the conditional equity risk
premium <Efd(0) [V, o)/ Vi) — 7t d(O)) by combining information on the equity return
volatility and the market prices of risk. We defer more details to the Appendix. We are
also interested in the equilibrium credit spread of a given firm, that is, the difference

between the yield of defaultable and default-free debt.

9This is akin to approximating an American option security with a Bermudan option.
10The Appendix provides an explicit expression for the default-free leveraged equity value.
54 denotes the total number of decision dates. The algorithm is initiated at time T

13



Taking into account its console nature, the yield is the rate that would price the

bond correctly as a perpetuity. Thus firm’s ¢ credit spread reads:

i qi qi
CSt = E — E (30)
t t
% a ta f? 5% 7 C,g
Bt = E —aqids + a (1 — @r — p(st - 901“)) t; ft 9 (31>
t ft gt
B = E° { %qids ]-"f’g} : (32)
t t

In the expression for the no-arbitrage price of defaultable debt, By, the optimal default
time is ¢ = {inf, : F! < Ei(ﬁ“,(b, @)}, and the recovery value upon default is the
renegotiation value net of equity holders’ share of the renegotiation surplus. We obtain
(31) numerically exploiting the previous identification of the default boundary. The
price of the default-free debt, B, has the usual inverse Fourier transform representation

that we have been using for non-defaultable claims, which is given in (A-45) Appendix.
2 Empirical analysis

In this section, we document how exposure to fiscal uncertainty affects stock returns
in the cross section. To this end, we first construct a proxy of fiscal uncertainty using
survey data on future government spending. We then sort stocks according to their
exposure to this proxy and sort them into different binds. We find that firms with low
(high) exposure display high (low) returns which implies a negative price of risk. We
then use standard Fama and MacBeth (1973) regressions to assess the market price of

fiscal uncertainty and find it to be significantly negative and large.

2.1 Data

Stock Data. Our data sample includes all common stocks (share code of 10 or 11)
listed on the NYSE, AMEX, or Nasdaq which are available from CRSP. Firm-specific

characteristics are retrieved from Compustat.
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2.2 Proxy of Fiscal Uncertainty

To construct our proxy of fiscal uncertainty, we merge survey data from Consensus
Economics (CE) with the following quarterly macroeconomic series obtained from St.
Louis Fed’s FRED database and the BEA: US Government total expenditure, GDP
level and growth. CE surveys are conducted monthly and consist of forecasts — made by
financial institutions and firms — about different macroeconomic indicators both for the
current and next year. We use forecasts for next year’s Federal budget deficit and US
GDP growth. For these items, data is available since January 1994 and a cross-section
of around 25 forecasts is available each month.'? We select the institutions/forecasters
for whom at least 48 months of continuous responses are available.'® This leaves us with
N = 36 individuals. Our aim is now to obtain an estimate of the latent fiscal action
Xt as perceived by each of these forecasters. To this end, we use a two-stage procedure
based on Kalman filtering and Maximum-Likelihood estimation. In the first stage, we
consider forecasts for next year’s Federal budget deficit and GDP growth. In particular,
we postulate that b;, ratio between Federal budget deficit and GDP, evolves as follows

relative to the econometrician information set:
db, = a Aldt + oy d W, (33)

For any date t for which next calendar year starts at date T', the Appendix shows that

the model-equivalents of the survey forecasts read:

GDP;y = Di(T —t)+ Di(T —t)Ai, (34)
<@>t’r = (D0<T — t) — /,L) -+ OdbDl(T — t)At (35)

where coefficients Dj(T — t) and Di(T — t) are reported in the Appendix. We add
Gaussian white noise measurement error to equations (A-48) and (A-51) and use them
in a state-space model as measurement equations for the latent state A\i We obtain

forecaster-specific first stage parameter estimates by maximum likelihood, from the pre-

12Consensus Economics surveys are available since 1990, but until 1994 replies are erratic at best.

13We provide a more detailed description of the survey data and how we treat missing values in the
Appendix.
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diction errors of the Kalman filter estimates of A\i We emphasize that this procedure
is not able to identify the correlation parameter p;. To this purpose, the second stage
estimation employs data on realized GDP growth and growth of Government expen-
diture as a fraction of GDP. We consider a state-space model where the measurement
equations are a discretized version of the system (1)-(2), where we constraint common
parameters to coincide with first stage’s estimates, and estimate the remaining ones,

most importantly p;, by maximum likelihood from Kalman filter prediction errors.

This procedure leaves us with i) a cross-section of forecaster-specific parameter es-
timates (ZAZ, p;) and i) N forecaster-specific time series of filter estimates for the fiscal
action A;, obtained from the first stage. Our strategy to classify the individuals into
group a and group b is as follows: For each month ¢, we double sort the forecasters who
responded to the survey with respect to parameter estimates j@ and p;. In accordance
with the model’s assumptions, members of the high-A;/low-p; quantile are posited to
belong to group a, while those in the low-A;/high-p; quantile belong to group b. We
emphasize that the estimates of the correlation parameter p; are negative for almost
all individuals, thus high-p; values are indeed not statistically different from zero, as
the model implies for group b. Finally, our proxy for fiscal uncertainty, the empirical
counterpart of the disagreement process ¢y, is:

D DY = (36)

N i€A, Ny i€By
In other words g/gt is the difference of the equally-weighted averages of the fiscal action
estimates in each group, where A, and B, are the two different bins in month ¢ and N7,

j = a, b is the number of forecasters in each group.
[Insert Figure 1 here.]

Figure 1 plots fiscal disagreement together with two other commonly used proxies of
uncertainty: the Baker, Bloom, and Davies (2013) economic policy index (upper panel)
and the VIX (lower panel). We note two spikes, one in 2001 and another (larger one)
before 2010. The former can be linked to the implementation of the Economic Growth

and Tax Relief Reconciliation Act and the latter to the expiration thereof.
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2.8 Portfolios sorted on fiscal uncertainty

To study the relationship between expected stock returns and fiscal uncertainty, we
estimate beta loadings for each stock from using two-factor model with the market
excess return, rzy" and changes in fiscal uncertainty, Aqgt. At the end of each month, we

run rolling regressions of the following form:
TXip = Qi+ B%T’ﬂn + @‘ZA@ + €ig,

where rz;, is the one-month excess return of stock . The window size is chosen to be
36 months and we require each stock to have each last 24 non-missing returns out of the

36 months.

We then sort stocks into quintiles based on their loading, B?, and calculate portfolio
returns for the subsequent period. Table 1 presents the results. Portfolio 1 contains
the stocks with the lowest exposure to fiscal uncertainty (i.e., the stocks with negative
betas), while portfolio 5 contains the stocks with the highest exposure (positive betas).
We first note that high (low) exposure firms have lower (higher) returns. Low 8/ firms
have an average annualized return of 13.49% and high 3/ stocks have a return of 6.99%.
The returns are monotonically decreasing between portfolio 1 and portfolio 5. The
spread between the high and low exposure firms, denoted by HML/ is -6.5% and highly
statistically significant (t-statistic of 3.01).

[Insert Tables 1 and 2 here.]

For each portfolio, we report in Table 2 alphas for different specifications. In par-
ticular, we report alphas for a one-factor CAPM (column 2), Fama and French (1993)
three-factor model (column 3), and Carhart (1997) four-factor model (column 4). The
last four columns report the factor loadings. The difference in average returns is mirrored
in large differences in alphas. For example, the low exposure stocks, have a one-factor
alpha which is 0.52% whereas the one-factor alpha for high exposure stocks is 0% per
month. Including the size and book-to-market factors, the alpha for the low (high) ex-
posure stocks is -0.30% (-0.18%). The bottom line presents the same quantities for the

17



HML/ portfolio which is long high exposure stocks and short low exposure stocks. We
note that the alpha is statistically significant even when we control for the three Fama
and French (1993) factors. To explore in more detail the time series behavior of the
HML factor, we plot in Figure 2 (upper panel) the returns of the HML? portfolio and
in the lower panel we plot the cumulative returns of the low (pfl) and high (pf5) fiscal

disagreement exposure stocks.
[Insert Table 3 and Figure 2 here.]

We first note that the difference between the low exposure (pfl) and high exposure
(pf5) stocks is almost zero until the early year 2000. In 2001 the Economic Growth and
Tax Relief Reconciliation Act (commonly referred to as one of the two Bush tax cuts)
was passed. In general the act lowered tax rates and although these cuts were set to
expire at the end of 2010. A second large divergence is observed around 2010 when the
high exposure portfolio steeply increases vis-a-vis the low exposure portfolio. During
this period, there was large uncertainty about whether the Bush-era tax cuts should be
extended or not. In Table 3, we provide summary statistics of the HML/ strategy. We
note that the fiscal trading strategy performs much better than other well-know strategy
such as the market, size or book-to-market portfolio. Moreover, since the volatility is
also comparably smaller, this results in an annual Sharpe ratio which is more than twice
as large as for the market (0.73 versus 0.33). The low unconditional correlations be-
tween the different strategies imply that compensation for fiscal uncertainty is basically

uncorrelated with other strategies.

2.4 The market price of fiscal uncertainty

The portfolio sorts indicated a significant negative relation between exposure to fiscal
uncertainty and future returns. In the following, we run Fama and MacBeth (1973) re-
gressions to explore in more detail the cross-sectional relationship between stock returns

and our proxy of fiscal uncertainty.

As test assets we use the five portfolios formed by sorting stocks according to their

exposure to the fiscal uncertainty factor.
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Panel A in Table 4 reports the first stage regression results of regression the respec-
tive portfolio excess returns on the market excess returns mkt, and the fiscal uncertainty
HML/ factor. As expected given the sorting procedure, the coefficients on the fiscal un-
certainty factor are monotonically increasing in the portfolios. Apart from the coefficient
B on portfolio 4, which is very close to zero, all coefficients are statistically strongly
significant. The CAPM betas are close to—and often not significantly different from—

one.

To estimate the factor prices A we follow the traditional two-stage procedure of Fama
and MacBeth (1973) and regress the estimated betas on the average excess portfolio
returns in the second stage regression. In line with the countercyclical nature of the
fiscal uncertainty we find a negative market price of risk for HML/ equal to minus 52
basis points per month (or —6.26% annualized). This is not statistically different from
the average HML/ return of minus 55 basis points per month. The Shanken (1992)-

corrected standard errors are reported in brackets.
[Insert Figure 3 and Table 4 here.]

Figure 3 compares the performance of the simple CAPM with only the market excess
return as a factor and a two-factor model that includes that fiscal uncertainty factor.
Panel A plots the actual and predicted returns for our test portfolios using the CAPM
whereas Panel B plots the same quantities for the extended model. The R? in the second
stage regression for the CAPM is 90% whereas adding the fiscal uncertainty factor drives
the second stage R? up to 99%.

In line with the previous portfolio sorting approach, we find that fiscal uncertainty

risk is priced in the cross section of stock returns with a negative price.

3 Conclusion

In this paper, we study the implications of fiscal uncertainty on the cross-section of
stock returns. We first propose a general equilibrium model where heterogeneous agents

disagree on the extent to which public spending affects the aggregate output growth rate.
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More precisely, agents disagree on the size of the fiscal multiplier: agent a (b) believes
that the government sets a larger (smaller) long-term goal for GDP growth rate induced
by public intervention. This disagreement generates persistent divergence of their beliefs
about the evolution of future state variables, and the likelihood ratio of these beliefs is

a proxy for the uncertainty about the fiscal rule.

To model a cross-section of firms, we adopt a framework similar to Leland (1994)
and provide closed-form solutions for equilibrium equity and debt prices and their risk
premia. Using calibrated parameters, we show that fiscal disagreement is priced in

equilibrium and receive a negative market price of risk.

To test our theory in the data, we construct a novel measure of fiscal uncertainty using
a large cross section of survey data on future government budget deficits. In particular,
using a filtering approach, we estimate forecaster by forecaster her/his perceived fiscal
effectiveness. Fiscal disagreement is then defined as the difference between forecasters
who believe that fiscal policy is effective and ineffective. Using this proxy, we find that
exposure to fiscal uncertainty negatively and significantly predicts future stock returns.
In particular, we find that firms with low exposure have higher returns than firms with
lower exposure. A portfolio which is long high exposure firms and short low exposure
returns produces an annualized return of —6.5%, which is highly statistically significant

and is not subsumed by other standard risk factors.
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4 Tables

Table 1
Fiscal Uncertainty Portfolios Summary Statistics

This table reports summary statistics of portfolios sorted according to their exposure to
fiscal uncertainty measured by ﬁi{ , in the following regression:

u ~
TTip = qig+ By rayt + @{tAébt + €it,

pfl (pf5) is the portfolio with stocks with the lowest (highest) exposure and HML? is
the portfolio which is long pf5 and short pfl. 37 and ngst are the pre- and post-sorting
betas. Returns and standard deviations are annualized and expressed in percent. The

data runs from February 1996 to December 2012.

pfl pf2 pf3 pfd pfb HML/
mean 13.97 11.65 9.47 9.31 7.39 -6.58
std. dev. 27.05 19.81 17.68 18.82 25.75 9.00
t-stat (2.13) (2.42) (2.21) (2.04) (1.18) (-3.02)
skewness -0.17 -0.65 -0.68 -0.76 -0.24 -0.90
kurtosis 2.04 2.94 2.57 2.16 0.96 5.85
Bt -0.472 -0.142 -0.008 0.123 0.442
,Bgost -0.167 -0.044 -0.018 -0.0400 0.230
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Table 2
Fiscal Uncertainty Portfolio Alphas and Factor Loadings

This table reports average returns, together with the CAPM alpha from a regression
that includes only the market, the three Fama and French factors (mkt, smb, hml) and
the momentum factor (mom). The last four columns report the factor loadings from
these factors onto the different portfolios. pfl (pf5) is the portfolio of stocks with the
lowest (highest) fiscal uncertainty beta, and HML’ is a portfolio which is long pf5 and
short pfl. The data runs from February 1996 to December 2012.

Alphas 4-factor loadings

return  CAPM 3 factor 4 factor mkt smb hml mom
pfl 13.97 0.52 0.30 0.30 1.16 0.99 0.14 0.00
pf2 11.65 0.47 0.23 0.22 0.96 0.67 0.34 0.02
pf3 9.47 0.33 0.12 0.12 0.90 0.52 0.35 0.00
pf4 9.31 0.29 0.07 0.07 0.96 0.56 0.35 -0.02
pfb 7.39 0.00 -0.20 -0.18 1.16 0.85 0.14 -0.07
HML/ -6.58 -0.52 -0.49 -0.48 0.00 -0.14 0.00 -0.07

t-stat  (-3.01) (-3.15)  (-3.20)  (-3.20) (0.02) (-1.58) (0.05) (-1.63)
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Table 3

Fiscal Uncertainty and Other Factors

This table reports mean, standard deviation (stdev) and the Sharpe ratio (SR) all in
annualized terms together with the unconditional correlations between the HMLY port-
folio derived from sorting stock returns according to their fiscal uncertainty exposure,
the three Fama and French factors (mrkt, smb, hml) and the momentum factor (mom).
The data runs from February 1996 to December 2012.

mean
HML/ -6.58
mrkt 5.46
smb 3.23
hml 3.30
mom 5.17

stdev

9.00
16.53
12.70
12.07
19.80

SR
-0.73
0.33
0.25
0.27
0.26

correlation

1.00

-0.08 1.00

-0.23 0.26 1.00
0.08 -0.24 -0.36
-0.19 0.19 0.17

1.00
-0.01

1.00
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Table 4
Estimating the price of fiscal uncertainty risk: HML’

Test assets are the five portfolios sorted based on exposure to the fiscal uncertainty risk factor
Aq/b\. HML/ is the difference between the excess return on the high beta portfolio and the
excess return on the low beta portfolio. Panel A reports factor betas and Newey and West
(1987) standard errors (in parentheses) while Panel B reports the Fama and MacBeth (1973)
factor prices and standard errors (in parentheses). Shanken (1992)-corrected standard errors
are reported in brackets. Data is monthly and runs from February 1996 through December
2012.

PANEL A: FACTOR BETAS

a mkt HML! R?

pfl 0.14 1.30 0.73 0.72
(0.44) (23.78) (-3.03)

pf2 0.27 1.02 -0.39 0.78
(1.10) (19.26) (-2.99)

pf3 0.25 0.94 -0.16 0.79
(1.15) (21.17) (-1.76)

pfd 0.32 1.00 0.06 0.78
(1.32) (19.90) (0.53)

pf5 0.14 1.30 0.27 0.69
(0.44) (23.78) (1.13)

PANEL B: FACTOR PRICES

mkt HMLS R2
0.68 -0.52 0.99
(1.75) (-2.85)
[1.74] [—2.85]
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Table 5
Calibration: Parameter Values

This table presents structural parameter values for the calibration exercise. Parameters
with an ¢ subscript refer to a US representative BBB-rated firm.

—a ——b

o Im o o A w b ) d
0.03 5 0.00606 0.0491 0.0487 0.3995 2*0.3995 0.09 0.00574 0.00204
@ ko i 0j Bi Pi Qq ags Qp ap

08 05 n 02474 1 0.1998 0.0491 0.5716 0.3938 -0.05887
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5 Figures

Fiscal uncertainty and economic policy uncertainty, corr = 60%
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Figure 1. Fiscal disagreement proxy

This figure plots fiscal disagreement estimated from survey data on future government
budget together with the Baker, Bloom and Davies (2013) economic policy index and
the VIX (lower panel). Data is monthly and runs from 1994 to 2012.
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Figure 2. Portfolio returns

The upper panel plots monthly returns of a portfolio which is long stocks with high
exposure to fiscal uncertainty (pf5) and short stocks with low exposure to fiscal uncer-
tainty (pfl). The lower panel plots the cumulative returns from these portfolios. Data
is monthly and runs from 1996 to 2012.
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Panel A: CAPM Panel B: Market and Fiscal
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Figure 3. Model performance

The figure plots the actual annualized mean excess returns in percent versus the predicted
excess returns for the five portfolios sorted based on exposure to the fiscal uncertainty factor.
Panel A displays the results for for the CAPM, i.e., by using only the market excess return (mkt)
as a pricing factor while Panel B displays the model performance when the fiscal uncertainty
factor HML/ is included in the linear pricing model. Data is monthly and runs from February
1996 to December 2012.
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APPENDIX A : Proofs and derivations

Proof of Proposition 1.

Agents of groups a and b have time additive expected utility of the CRRA type, with
the same RRA coefficient v, and subjective impatience rate . As customary in endowment
economies, the agents are initially endowed with a fraction k%, i = a, b of the market portfolio,
so that W{ = k'Sp, where W{ is group’s i initial wealth and Sy the initial price of the market
portfolio. By market completeness there is a unique state-price density, represented as &
relatively to group i’s belief. The martingale approach of Cox and Huang (1988) implies that
each agent solves the static consumption-investment problem:

sup E* / e 052 s
c 0 -

s.t. E’ [/ Eegds
0

Since Xo = Eb[¢) X |F57] = E4[0:£0 X | F57] = E2[€2| F5 ), for any F;*Y measurable contingent
claim, we have & = 9,55?. Taking this into account, the first order conditions for problem
(A-1)-(A-2) mandate that optimal individual consumption policies are ¢ = (e*92£¢)~1/7 and
d = (e9¢2/0,)1/7, where ¥ are the Lagrange multiplier such that the individual budget
constraints (A-2) bind. Imposing &4 = ¥ and 6y = 9¥¢/9°, the aggregate resource constraint
reads:

}“8’9] (A-1)

72 <y (A2)

(€)™ + (€8 160) 1T = i,

from which we retrieve the equilibrium state price-density (14). Applying [t6’s lemma to the
last expression and to (13), and equating drift and diffusion components of the two dynamics,
we obtain the equilibrium interest rate (15) and market prices of risk (17)-(18).

Proof of Proposition 2 .

We are going to provide a characterization for the equilibrium price and risk premium
of a generic security which guarantees a stream of dividends with rate X, s € [0,00), with

dynamics:
dX; ~ Sa 5
X = (ux n BXAt) dt + o (pX dZ8 + /1 - p% th> (A-3)

The no-arbitrage pricing formula reads:

o) a
sX = E° [/ e_é(s_t)—sz ds
t 3

> ng5>‘”< 1>”Xs
— 1+60) ) —ds
/t <Ctgt ° Xy

77| (A1)

Xt pa

Jff"’] (A-5)
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Note that

o~ 3(s—t) <ngs>‘7 X e <m0(t,s) + (Bx — (1 — a))/ Adu > Gs

Cigt Xy Gt
1
gs = exp <—2 (O'g(v + 72(02 + 03) — Q’YUchpx) (s —1)
t

Hoxpx ~200(Z8 ~ 23) = 10y(Bt — BY) 4 oxy/1 = R (W~ 1))

o3 o2 oy
mo(t,s) = —5+ux—7X <uc—2>+72 (s —1t)

+ (a§< + 72(03 + 03) — 270X00px) (s —1)

N | —

We can use the stochastic exponential (A-7) for an absolutely continuous change of probability
measure, with the dynamics of the state variable under the new measure dictated by Girsanov
theorem. Thus

X X; ax | 7 molts)+(Bx—v(1-a)) [7 Avdu 2\
S; = ———=E*% emot® X7 ¢ Cuf 1407 | ds
t

N7
(1)

a ’g} (A-10)

+ 0c0ApPq

dA? = AA, - A9dt+ T (oxpx — o) dt + naarydt + (A-11)
Oc
n" 4+ ocoAap; dZt“* _ nag dﬁf* (A-12)
Oc og
o 1 Za,* Da,*
e _ _o (oxpx —y0oc) dt + yagedt — ¢y ( az,” — < dB;” ) , (A-13)
Ht Oc¢ Oc Og

_ g — YO0c
dpy = w(p— ¢¢)dt +v(ne — my)adt + (Mg + TA0cpa — m)wdt — (A-14)

c

(O 1 ~
(10 — 1) —dB{"" + (N0 + 0ACcpa — 1) —dZ}" (A-15)
O'g [

Consider the function J(t,s) = E%* { (Bx —y(1~a)) [ Afdu

solved the partial differential equation:

Fy } By Feyman-Kac theorem, J

— -~ +0c04
Ji+ J5a [MAg — A7) + w (oxpx —yo.) + naa'y}
C

1 ot 0c0A a2 20‘2 a
# g [P L BN (g~ - a) B =0 (a16)
c g

\V)
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with the terminal condition J(s,s) = 1. The solution reads

J(t,s) = exp(L(t,s)+ H(t, s)A?) (A-17)
H(t, S) _ (BX - 7;1 — Oé)) (1 _ e—A(s—t)) (A—18)

s—t
L(t,s) = / {)\Aa + lla 1+ 9cTAPa (oxpx —y0oe) + nacw] H(0,u)du  (A-19)
0 c

[ [t e
0

+5
2 2
2 o o

} H(0,u)%du (A-20)

By a change of numeraire technique analogous to the definition of the Forward-measure —
Geman, El Karoui and Rochet (1995) — we can write:

R Y
o |:e+(/3X—"/(1_04)) fts Ajdu (1 + 9;)

1\ Y
]-'f’g] = J(t, s)E>**() [(1 + 93)

ff’g}

We need the dynamics of the state variables 6; and ¢; under the new measure, namely:

do; o T3t 8) (0, + 0004p4 o?
_ = —_ — c dt dt - ! a o dt
b~ o xpxTasdineodis e (T g )
1 Sa,xx(s a Sa,k*(s
_¢t (0_ dZt7 (®) - ; dBt7 ( )> ) (A_21)
c g
Ao = W@ 6t + (e~ madi + (na-+ 040000 —m) LX) g
Jza(t,s) ( _ 2
A\ N, + UCUAPQ)(na + 00 APa nb) «
Jt(t S) ( o2 + 77a(77a - nb); dt
9 c g9
Q. Sa,xx(s 1 Sa,xx(s
~(na =) - dB ) 4 (- 0400p0 — ) —dZ7 Y, (A-22)
g c
Jq (t:5) . : .
where W = H(t,s). We can then rewrite the security price as:
Xt > Aa LNT
S = / emo(ts)+L(ts)HH(E5) A R v(s) [(1 + 93) ff’g] ds (A-23)
t

t 1\
<1+9;)

1\
Now consider the expression (1 + 64 > . We have:

% )T
(1400 ) =0k (0 407 ) —of (2c0m (52)) -
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where 7 denotes the smallest integer greater than 7,'* and vy = logfs. We use the following
Fourier representation:

1 7 orives )
o (2] _ / T () (A-24)
T(z) = /OO e 2z L dvs

0 (2 cosh (;—;))7_7
_ r (7%7 — viz) r (W%A’ + '72'2) (A-25)

r ()

The explicit form (A-25) of the Fourier transform T (z) is derived in Martin (2013). Since 7 is

an integer, we can expand the term (0 5 + 02” )7 using Newton binomial formula. Collecting
all terms, we can write:

X 0 oo 7 _ ‘
StX _ tl . / emo(t,s)+L(t,s)+H(t,s) )Aa / Z < > a-**(s) [9;((&2:)
oy
where x(j,2) = 5 Ly 2] 7 + 2miz. Let

)
a,kx( s . 1 2 1 a2 i
= R exp | — qbuue(u, s)xUr2)du— | S | —5 + —5 | x(J, z)du—
t O¢ g
i dZa *x(s) o dég,**(s))) ’ ftc,g:|
e o

g

o
et [exp( [ umatusiiode— [ 16 (5 + %) 0
du)

Ivasd (A-27)

tc’g} T(z)dz | ds

(A-26)

K(t,s,j,2) = E»*¢) [gx(j,z)

where

1 Na + OcoAp a?
no(t,s) = — (oxpx —70c) —ya+ H(t,s) (“02“ s

c c g

_L N7
14 Any integer larger than v would be suitable. The reason to multiply and divide by ( 5 > + 0;”)

is that the Gamma function appearing in the Fourier tranform is not defined for negative arguments.
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In (A-27) we have performed the usual change of probability measure using the stochastic

(4,2)

exponential embedded in X%, The dynamics of ¢; under this new measure are given by:

Q. 5q ko 1 sa s
dor = (u(t,s) + ph(t )P0t — (10— m) B 4 (1 + 040000 —m)—-dZ" T
g C
_ g — YO
py(t,s) = wd+v(na—m)o+ (e + ocacepa — nb)w
(&
+ + - 2
—|—H(t, S) ((na UcUApa)(naZ 0cOAPq nb) + na(na . ﬂb)%)
O'C O'g
1 x(J, ) . a?
pe(tss) = —w—(na+0a0cpa —m) = 5= = X(J,2)(1a = W) (A-28)
c g

By Feyman-Kac theorem, K solves the partial differential equation

Na + 0cOAPa — 775)2 + (7711 — nb)2a2:|

Kot Ky (43(0,5) + bt 9)60) + 3 Ko [<

o2 o2
OL2
- K (oot G + 302 (5 + 5 ) ()12 =0 (A20)

with the terminal condition K (s, s, j,z) = 1. The solution of (A-29) is easily seen to be of the
form

K(tv $7j7 Z) = exp (FO(tv $7j7 Z) + Fl(tv 87j7 z)¢t + FQ(tv 87j7 Z)(b%) (A_?)O)

with coefficients F' deterministic functions of time, solving the forward system of ODZEs:

. _2)\2 2.2
Py = 2F [(na F0e0Aa )" | (e — )0 ] + 2P (t, 5)
oF: o5
1/1  o? , .
—~ =+ =) (. 2) —x(,2)) (A-31)
2\o¢ oy
. + 0.0 _2)\2 2 2
- = Flﬂés(t, s)+2F1 Fy |:(77a - 0A2pa 1) + (1 Uzb) ] + 2qu3(t,8)
c g
—po(t, s)x(j, 2) (A-32)
. 2 + o0 _ 232 2,2
c g

with Fji(s,s,j,z) = 0,7 =0,1,2. The first ODE is a standard Riccati one, thus it can be solved
explicitly. For the second and third, though some explicit form could probably be given, we
rely on a numerical ODE solver. To summarize:

Yoo
StX _ th 7/tooe o(t,8)+L(t,s)+H(t,s) A Z() QJVX

(1 n 9;) =
X (/ eQleOg‘gt%(j,z,t,s,¢t)dz>] ds (A-34)

%(j’zvtsa(ﬁt) = T(z)exp (Fo(t,S,j,Z)+F1(t,8,j,2)¢t+F2(t,8,j,2’)¢?) (A_35)
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The (inverse) Fourier transform < [0 ePmizlos 9t7~'(j,z,¢>t)dz) can be implemented very effi-
ciently using the FFT algorithm, rather than generic numerical integration. The IMSL Fortran
Library manual (Math Library, Ch.6, Usage Notes) explains clearly how to approximate the
continuous Fourier transform as a discrete one, and implement it with a FFT routine.

Given the price process Si¥, the conditional risk premium of the security is readily obtained
from its definition in a diffusive market model: (Instantaneous Stock Return Volatility Vector)
- (Market Price of Risk Vector). The former is provided by Ito’s lemma applied to (A-34). If
S(X, ][g’ ¢t,0;) denotes the RHS of (A-34), the return volatility components are (discarding
the unpriced Brownian component W):

dlogS dlogS Ny +0a0cpq, OlogS 1 0OlogS , ¢

X

= X = - a cPa — - - -

074 ox, roxpx + Y p 96, (e +0a0cp nb)ac 26, etac
1 a 1 1 a

Ufg(,t _ _ OlogS an 0 ogSeto«bt _ OlogS a(n nb)' (A-36)

o A\? oy 00 oy tolo) oy

vy —
0, j=0

oo T /5\ 1423
85328 _ SlX 1l 7/ om0 (t:8)+L(t,s)+H(t,s) A Z( >0t2+ 7
C(e)

X (/ ezmzwget%(j,z,t,s,¢t)dz>} ds (A-37)

¥ -
8lo§a8 — 1X/ H ¢ S) mo(t,s)+L(t,s) +Hts)Aa Z< > % 2 y
8At St <1 + et’Y) ]:O
X </ e2mzlog0t7~'(j,z,t,s,qﬁt)dzﬂ ds (A-38)
810%8 — 1)(15/00 mo(t, s)+Lts)+H(tS i (> 1 2J
lolon S N/, 3
1406, =

X (/ 2180 (B (1. 5,5, 2) + 2Fs(t, 5, 4, 2))T (4, 2, £, 5, d)t)dz)] ds (A-39)

1_q 5y = -
OlogS X0~ — /Ooe o(t,8)+L(t,s)+ H(t,s) A2 Z( )gt;ﬁgﬂx

00,
)

><\~

X (/ e2mizIo8 0T (5 5 ¢, s,gbt)dzﬂ ds + (A-40)
1 oo mo(t $)+L(t,s)+H(t,s) (7 2+2J 11
K7 IV Z 0, x
Ty
(/ e2mizlog b (; + 2327 Ty 2m’z> T,z t, s, qﬁﬂdz)] ds (A-41)
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For the market portfolio case, to which Proposition 2 refers, the specific equilibrium quan-
tities are obtained by setting, X; = Cy, ux = e, Bz =1, ox = 0¢, px = 1.

The Unleveraged Firm Value.

The unleveraged firm value given in expression (25) is of the same type as the pricing
functional (A-4) analyzed in the proof of Proposition 2. In particular, after setting X; =

Ei(1—7), ux = pti, Be = Bi, 0x = 04, px = pi, we obtain

Vi = E° [/ gsEz(l—T)ds ]:f’g]
¢ &
E} OOtLthKaﬁilzj
- 7/ (mo(t)+L{t)+H(t.9) A7 Z()
<1+9g> K =0
X </ 62”i21°g9t%(j,z,t,s,@)dz)] ds (A-42)
%(j,Z,t,S,(bt) - T(Z)GXp(FQ(t,S,j,Z)+F1(t,8,j,2)¢t—|—F2(t,8,j,2)(ﬁ?) (A_43)

All the relevant expressions are detailed in the proof of Proposition 2.

The Default-Free Leveraged Equity Value.

In our numerical strategy (to be detailed below), at the default option expiry time (7°) the
firm is bound to keep its current capital structure, thus we need the value of leveraged equity
for a default-free firm. Following the proof of Proposition 2, the latter is given by:

kVi — kB! (A-44)

where we remind that % is the firm’s pay-out ratio, 7 is the corporate tax rate, k = l;:(l - T),
Vi is the unleveraged firm value given in (A-42). The value of default-free debt, By, is:

Bl = E[/ ngds
¢ &

i % mo(ts)+L(ts)+H(t, L (5 s+
_ ? s s s
- s [T IS (7)e T

(1 + 9;) J=0

X (/ 2080 T (5 o ks, gbt)dz)] ds (A-45)

,7-(]'7zvt737¢t) = T(Z) exp (F()(t,S,j,Z)+F1(t,8,j,2)(f)t—I—Fg(t,S,j,Z)(f)?) (A_46)

ft’g]

All the relevant expressions are detailed in the proof of Proposition 2, after setting X; = ¢;,
px =0, Bz =0,0x =0, px =0.

Details of the Construction of the Fiscal Uncertainty Proxy.

We refer to Section 2.2, where we illustrate the construction of our proxy for fiscal uncer-
tainty.
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According to expression (9), individual ¢ perceives GDP growth for the year starting at
date T as:'®

~

T+1 ~. ~.
log(Cry1) —log(Cr) = m+ / Al ds + o, (Z{/p+1 - Z%p)
T

Ni +0coApi dZZ _ 77@'3 dg,f, (A-47)
Oe oy

dAT = XA — ADdt +

so that, for any date t € [T'—1,T'), the model-equivalent of the next-year GDP growth survey
forecast reads:

T+1

B [log(Crin) ~log(Cr) 7] = m+ [ B[] 7] as
= Di(T —t)+ Di(T —t)Al, (A-48)
with

To obtain these expressions, it suffices to solve the SDE (A-47):
S . . o~ ~ .
Als _ A%e—/\(s—t) +Zz (1 - e—/\(s—t)> +/ e—A(s—u) (771 + ZCO'APZ dZ& . 77203 dB;) ’
t c g

then take expectations conditional on F;* on both sides (whereby the innovation term van-
ishes), and integrate over s from T to T + 1. Similarly, for b;, ratio between Federal budget
deficit and GDP evolving as in (33), the prediction forecast reads

E' [bri1 — br| Ff9) = a (DY(T — t) — ) + DY (T — t) AL (A-51)

We add Gaussian white noise measurement error to equations (A-48) and (A-51) and use them
as measurement equations in the following state-space model

GDPy; = Di(T —t)+ Di(T —t)Al + s, ¢ (A-52)
DEF . . N
— = oy (DY(T —t) — ) + D (T — t) A} + sp €] (A-53)
GDP |
Ai) = Lo+ LiAj+ saep, (A-54)

where the Gaussian white noise shocks (€, €/, €;) are mutually independent. The discrete-time
dynamics (A-54) of the latent fiscal action Al as perceived by the econometrician, are the

5Note that we are not yet classifying forecaster i as member of group a or b, therefore p; is uncon-
strained at this stage.
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exact (in a distributional sense) monthly discretization of the continuous-time analog (A-47).
Coefficients Lo, L1, and s4 are given by:

_ 1 1
Ly = A;j(1—exp(—X- ﬁ))’ L =exp(—A- E)
o2 1 2 a)’ N+ ocoapi\
= 1- 2A— = (2 Ui T 9cOAP:
o= Ra-entng), o= (nl) ¢ (AEEm)

The Kalman filtering of the latent fiscal action is standard, but we report it here for com-
pleteness. Let y; = [(TD\P,:T, (DE?/EDP),:T] d; = [D{(T —t),a (DY(T —t) — )], Z¢ =
[DI(T —t), 0, DY(T — 1)), and H = diag[s?, 521] The initial state of the latent variable is
assumed to be a realization of its stationary distribution: A\B ~ N(ap,a1), ap = Lo/(1 — L1),
ar = s%/(1 — L}). We also denote by Al = E[gﬂff’g’f], the estimate of the latent state under
the observation filtration augmented by the analysts forecasts, and by P! = E[(Al — A1)2| F&97]

the mean-squared error of A

We have Kg = ap and P}, = a;. Given the estimate Kifl, the prediction of next periods
state and the associated MSE are:

-~ .

e = ELAFS) = Lo+ LA}, (A-55)
o = E[(A - Ay, )Y FY) = 1P+ 54 (A-56)

Consequently, the optimal prediction of the measurement y; and associated MSE are

yt|t—1 = [yt|]:t 9, f] dt + Zt t‘t 1 (A—57)
Fi = E[(y —yy—1)¥ — Yee—1)’ ’ft’—gif] Z t|t 1Zy+H (A-58)

,gf

Indeed the joint distribution of AZ and y; conditional on F,"%’ is multivariate Gaussian with

means At| ¢+ and yy;_1, respectively, and variance-covariance matrix

Pi|t 1 P§|t 12

Thus, once y; is observed, one can use the closed-form for the conditional expectation E[ﬁﬂyt]
available for Gaussian random vectors, to obtain an updated estimate of the latent state and
of the corresponding MSE:

;hle = :Ki\tfr"‘Piu 1Z/F_1( —Yt|t—1) (A-59)
P, = Pt|t 1= t\t | ZiF, F; 7P, tlt—1 (A-60)

Whenever an observation is missing, that is, the forecaster /i institution did not respond to the

survey, we simply skip the updating step, hence we set A At| 1 and P! = P! fi—1-

We obtain forecaster-specific first stage parameter estimates OA} = (ﬁ, ;\,Zi, ap, S4) by max-
imizing the log likelihood of the prediction errors of the measurements yy:

N; 1 1
—72 log(27) — 2 ZlOg(|Ft|) 92 Z(Yt - Yt\tfl)/Ft_l(yt ~ Yijt—1)
t=1 t=1
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where N; is the sample size available for each forecaster.

This procedure is clearly not able to identify the correlation parameter p;. To this purpose,
the second stage estimation employs data on realized GDP growth and growth of Government
expenditure as a fraction of GDP. We consider a state-space model where the measurement
equations are a discretized version of the system (1)-(2). The dynamics of the latent state A% to
consider are the true ones in (4), rather than dynamics (A-47) under the forecaster information
filtration, because the signals employed at this stage measure realized quantities rather than
forecasts. To summarize, the state-space system reads:

2 AN
log(Crat) — log(Cy) = (7— % + A At + oV At (A-61)
log(gey1) — log(g:) = aﬁiAt —ogV Atef_H (A-62)
Appr = Ai(1 —exp(—AAL)) + exp(—AA) Ay + (A-63)

0'2 c
\/ ﬁ(l — exp(—2AAt)) <Pz‘€t+1 +y/1- p?fi%) VAL, (A-64)

where At = 1/4, all Gaussian shocks e are mutually independent, and, as in the first stage, we
have used the (distributionally) exact discretization of an Ornstein-Uhlenbeck process. We ex-
ogenously set o = 1, following contrasting estimates of fiscal multipliers in the macroeconomics
literature. We constrain parameters A and A; to coincide with their first-stage estimates, and

we impose that:
a)? i + 0coApP; 2
o4 O

where 7,2 is also a first-stage estimate. We estimate the free parameters, most importantly
pi, by maximum likelihood from Kalman filter prediction errors. The procedure is identical to
the first stage, with the exception of the covariance between A, and y; conditional on ff;gl’f ,
which has an additional term, due to the covariance between the latent fiscal action and GDP

growth, namely:

: . el
covl vyl FE5) = 2Py, + (W (1 e Mt»pA)

After properly adjusting the updating equations for the modified covariance, the rest of the
procedure is unchanged.

To compute our fiscal uncertainty measure as detailed in the text, we use first stage Kalman
filter estimates A}, because we are interested in extracting forecaster-specific estimates of the
fiscal action, of which analyst forecasts provide a direct signal.

Numerical Method for Firm’s Equity Value.

Following the discussion in Section 1.4, firm ¢’s equity is the value function of the optimal
stopping problem
&t

taq éa . .
Vi = Supy, E* [/t ?D;ds + 57 (p(SOI - ‘pr)VZd)
t t

}‘f’g] . (A-65)

where V} , denotes the unleveraged firm value and ¢4 is any stopping time with respect to the
filtration F;"Y. We use a simulation-based method adapted from the Longstaff and Schwartz
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(2001) American option pricing algorithm. The method works by backward induction, solving
recursively the relevant dynamic programming equation at a finite number of exercise (‘de-
faultable’ in our case) dates. Thus we fix an ‘expiration’ date T, after which the option to
default is no longer available, and the equity value of the leveraged firm coincides with its
default-free counterpart given in (A-44). We also assume that the default time ¢4 in (A-65) is
one of a finite sequence t4(j), j = 1,...,nq, with ¢4(1) =t (evaluation time) and t4(ng) = T
We denote by At, the (constant) time interval between decision dates.

There are four relevant state variables for problem (A-65), collected in a vector Ys =
[Ei, A% ¢, 0,]). We first perform a useful change of probability measure, similarly to the proof
of Proposition 2, in order to rewrite (A-65) as:

1

1\
<1+9;>
1

tgf_ _aAa_fMUZ’ g2 u 1\7 i

bd sl (1 gy A0 e 2D (52 o2 1\7
V; = sup,, E{ ¥ [ B 202 o <1+93> Dids

t

]—“f’g]  (A-66)

and the dynamics of the state variables under the new measure are:

dE! = (p;+ ,3,11? — yoeoipi)dt + ai(pidff’* 4 mdwt) (A-67)
dA% = AA, — Avydt — Tt 0TALa o gy oyt +
N+ 0coAp; 470" — naﬁ dB>* (A-68)
Oc O'g
doy 1 5 a o~
— = 1—a)dt — —dz» — —dBr* A-69
G = onli— eyt o (L dZ - Sy (A-69)
dpy = w(d—d)dt +~(ng — mp)adt — (11a + 040 cpa — Np)ydt —
& Bax 1 ~a,x
(10 = 1) —~dB;"" + (1la + 0A0cpa — 1) —dZ;" (A-70)
g c

e Conditional on the current realization Y;, N sample paths of the state vector are sim-
ulated on the horizon [t,T], using (for instance) an Euler discretization scheme applied
to SDEs (A-67)-(A-70). Obviously, the discretization frequency of the paths, 1/As,!°
is larger than the decision frequency 1/At;. We denote by Ys(w;), j = 1,..., N the
realization of Y at time s along the simulated path w;.

e At the final date t4(ng) = T, the lack of default results in the firm turning into a
default-free leveraged one, so that:

Vi (wy) = max (pler = er)VE(Vr(wy), FVE(Yr(w) = KBE(Yr(w)))) G =1, .
(A-71)
where we have used expression (A-44).

e At a generic default date t4(i), i = 1,...,n4 — 1, the dynamic programming principle
implies that

Vi oy (@s) = max (per = 0r)Vi o Vi) @), Cuatiy Yoy (@) ) 5 = Lo N (A-T2)

16Tn practice, we use As = 1/360.
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where the continuation value along the path w;, C; d(i)(Yt a(i) (wj)) is the expected dis-
counted value of: i) the cumulative dividend stream until next decision date, and i) the
equity value next decision date:

1 a,*
Cro(i)(Viy)(wj)) = (1’YE
(z‘))

ta(i+1) s 2o —, v(y+1)
/ eftd(i) {—’y(l—cu)Aﬁ—'yu—&-iﬁY = (02—0—03)] du y
1+06; !
d

a(d)

INY tqG+)[_ i NFa_ =, v+ 2, 2
X (14—03) Dids + ¢t 10— 2 oo au

1 Yo
X <1+9td(i+1)> Vzi(iﬂ) Y;fd(z')(wj):| (A-73)

Let y(t4(i),tq(i4+1),w;) denote the realization of the argument of the conditional expec-
tation along the simulated path w;:

. . 1 ta(i+1) N

Y(tai), tali + 1), ;) = v | [ (10w T) D)
<1 + th(i)(wj)v) ta(i)

i [0 A ) —p 25 2402

i+1 Y —
S [0 A ) =B+ (02 403) | du

ds+e X

1 .

x (14 0,00 @)7) Vian(@s)] (A7)
As usual, the (wj;) arguments denotes a realization along the simulated path w;. Next
exercise-date equity value is known from the previous step. As in Longstaff and Schwartz
(2001), we approximate the continuation value (A-73) by projecting y(tq(7),tq(i+1),w;)
on a suitable multidimensional polynomial basis.'” Namely, letting X (Y;) denote the
nx— dimensional row vector with the individual summands of the polynomial basis
evaluated at Y, we consider the model

y(ta(i), ta(i +1),w;) = X (V) (wj)) - B(ta()) + €5 j=1,...,N (A-75)
for a ny—dimensional column vector of coefficients 3(¢4(7)), whose OLS estimator is:
B (tali)) = X (Vi) (w5)) X (Yayi (@i )] ™ X (Yay) (w))'y (ta0), tali + 1), 05) - (A-T6)

where X(-) is the N x nx—dimensional matrix obtained by stacking column-wise row
vectors X (Y, () (wy)) for all simulated paths, and similarly y(t4(i),ta(i + 1),w;). There-
fore:

Cro(i) Yea(y (w5)) = X (Vi) (wg)) - B (ta(i)) (A-77)

1"Following Longstaff and Schwartz (2001), a tensor product of n—degree (with n = 2 or 3) Laguerre
polynomials in the single state variables , E?, A%, ¢, 8 is a suitable choice.
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e Following Longstaff and Schwartz (2001), we implement the dynamic programming equa-
tion (A-72) as

(p(e1 = o)V}, iy Yaa(i) (w))

4 if p(er = o)V, iy Vet (W5)) > X (Vi) (wy) - B*(ta(d))
V;til(i) (wj) =
y(ta(i), ta(i +1),w;) ,
\ if pler = e )V i) (Vi) (W) < X (Vg0 (wj)) - B (8a(2))
(A-78)

rather than selecting fitted continuation values in the second alternative (y(tq(7),tq(i +
1),w;) is given in (A-74)).

e Iterating this procedure backward, we obtain an estimate of the current firm ¢’s equity

value: N
D DR AN ()
Vi ST el A-T9
t N (A-79)
This estimator is known to be upward biased — see Glasserman (2004), Section 8.6.
Alternatively, we can use the estimates 3*(t4(i)) ¢ = 1,...,nq4 in the representation of

the continuation values to form a default rule for a fresh set of simulated paths Y,(w;),
se[t,T],7=1,...,N, so that:

Sl Bt ta(z)), wj)
N

%

vy (A-80)

Yt talzy),ws) = % [/ttd(zj) (1 +9s(wj)%>7D§(wj)><

(1+0§>

i [Fra=e) A ) —rm+ 25 (02 403) | du

2=

ds + <1 + th(zj)(wj)

p(pr — or) X (A-81)

Vi) Yagte @) )| (A-82)

zj = min [nd,igf (p(SOZ - QOT)Vtid(i)(Ytd(i) (wy)) > X(Yy,0)(wy)) - 5“%@)))}

ta(2) . _
el [ ) o 20 o]

Estimator (A-80) is downward biased, but provides a better approximation of the true
value according to the literature — see Glasserman (2004), Section 8.6. In order to better
mimic the behavior of a firm with a perpetual option to default, we use the coefficients
B*(tq4(1)) of the initial date to represent the continuation value at any date.

e The price of corporate debt, (31), is estimated very similarly to (A-80), with ¢; replacing
D; and (1 — ¢, — p((1 — ¢r))) replacing p((w; — r)).

e The equity risk premium of firm ¢ is computed using the standard definition in a diffusive
market context: (Instantaneous Stock Return Volatility Vector) - (Market Price of Risk
Vector). The equity return volatility is as in expression (A-36), where the sensitivities of
the equity price to the initial conditions of the state variables need to be estimated. Using
the previously estimated default rule 3*(¢4(7)), we apply the path-wise delta method
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illustrated, for instance, in Glasserman (2004) Section 7.2. The procedure is standard,
thus in the interest of space we do not report the details.'

18 Available upon request.
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