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The equation describing the evolution of price dispersion, fol ( P,(T?’ )~ di is not needed
to tie down the equilibrium upon log-linearization.
In order to render this model stationary, we need to scale certain variables by the
non-stationary level of technology, 4; such that k; = K;/ A; where K, = {Y;, C;, W;/P;}.
Fiscal variables (i.e., P,M Bﬁ"’ /P:, G¢, and Z;) are normalized with respect to Y;. All other

real variables are naturally stationary. Applying this scaling, the steady-state equilibrium
conditions reduce to:
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To determine the steady-state value of labor, we substitute for X in terms of y, and
then using the aggregate production function, we obtain the following expression:
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where g is the steady state share of government spending in output. We shall contrast
this with the labor allocation/output that would be chosen by a social planner to ob-



Supplementary Material Strategic Interactions in U.S. Policies 3

tain a measure of the steady-state distortion inherent in this economy, which features
distortionary taxation, monopolistic competition, and the habits externality.

APPENDIX B: DERIVATION OF OBJECTIVE FUNCTIONAL FORM
B.1 The social planner’s problem

In order to assess the scale of the steady-state inefficiencies caused by the monopolis-
tic competition, tax, and habits externalities, it is helpful to contrast the decentralized
equilibrium with that which would be attained under the social planner’s allocation.
The social planner ignores the nominal inertia and all other inefficiencies and chooses
real allocations that maximize the representative consumer’s utility subject to the aggre-
gate resource constraint, the aggregate production function, and the law of motion for
habits-adjusted consumption:
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The optimal choice implies the following relationship between the marginal rate

of substitution between labor and habit-adjusted consumption and the intertemporal
marginal rate of substitution in habit-adjusted consumption
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The steady state equivalent of this expression can be written as

*

(N*)‘””[(l—%)(l—e)] =(1-6B), (B.1)

where the optimal share of government consumption in output is given by
o+
Gt (Y} -5
y; X"\, '
In steady state, these can be combined to give the optimal share of government con-
sumption in output,

*

r=(+a- )y T (1—08)7) ",

which can then used to get the steady state level of output under the social planner’s
allocation. We shall assume that the share of government spending in GDP in the data
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matches this, such that the data is calibrating the value of y. Doing so facilitates the
construction of a quadratic objective function.

If we contrast this with the allocation achieved in the steady state of our decentral-
ized equilibrium (A.1), assuming that the steady-state share of government consump-
tion to GDP is the same, we can see that the two will be identical whenever the following
relationship between the markup, the tax rate, and the degree of habits holds:

n 1—171

n—1 1-6B"

Notice that in the absence of habits this condition could only be supported by a nega-
tive tax rate. However, for the data given level of taxation and the estimated degree of
habits this condition will define our steady-state markup, enabling us to adopt an effi-
cient steady state, and thereby avoiding a steady-state inflationary bias problem when
describing optimal policy.

B.2 Quadratic representation of social welfare

Individual utility in period ¢ is
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where X, = C; — 6C,_ is the habit-adjusted aggregate consumption. Before considering
the elements of the utility function, we need to note the following general result relating
to second-order approximations:
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where ?t =In( %) and O[2] represents terms that are of order higher than 2 in the bound
on the amplitude of the relevant shocks. This will be used in various places in the deriva-
tion of welfare. Now consider the second-order approximation to the first term:
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where tip represents “terms independent of policy.” Using the results above, this can be
rewritten in terms of hatted variables
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In pure consumption terms, the value of X; can be approximated to second order by
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and to a first order,
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Similarly, for the term in government spending,
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while the term in labor supply can be written as
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Now we need to relate the labor input to output and a measure of price dispersion.

Aggregating the individual firms’ demand for labor yields
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It can be shown (see Woodford (2003, Chapter 6)) that
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Welfare is then given by

oo
—1- 1-66/. 1 1 - =~
=X ”EOZBt{l £<Ct E/C}Z)—EUX?—UX@}
t=0
> 1
+ X8 "Eo ZB’{@ +50 -0 - o@gt}

t=0

&)
1+ ~ 1 ~ PO .
-N ‘”Eo?_ojﬁf{yw5(1+¢)y?—oyt§t+5vari{pz(z)}}

+ tip + O[2].
From the steady state of our model, and its comparison with the social planner’s alloca-
tion, we know that 7170(1 —-6B)=(1-190) ;NH‘P. Similarly, assuming the same share of

government spending in GDP across the social planner’s and decentralized equilibrium,
—1 .
we also know that yg'!= %N e, Using the fact that
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we can collect the levels terms and write the sum of discounted utilities as
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Using the result from Eser, Leith, and Wren-Lewis (2009) that
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we can write the discounted sum of utility as
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where we have put the terms in public consumption into tip since they are treated as an
exogenous process and, therefore, independent of policy.
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After normalizing the coefficient on inflation to one, we can write the microfounded
objective function as
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where the weights on the two real terms are functions of model structural parameters,
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APPENDIX C: RULES-BASED ESTIMATION

In this section, we undertake an estimation of our model when describing policy us-
ing simple rules. This serves to create a set of benchmark results, which we can con-
trast with our estimates that allow for strategic interactions between monetary and fiscal
policy. In doing so, it is important to note that while we extend the analysis of Bianchi
(2012) and Bianchi and Ilut (2017) in some ways, this does not overturn their key results.
Bianchi and Ilut argue that restricting the number and transition pattern of regimes is
data-preferred largely as a result of the fact that the PM/AF and PM/PF regimes are very
similar in terms of their dynamic responses to shocks. This is no longer the case when
taxes are assumed to be distortionary where the inflationary impact of variation in taxes
becomes a key ingredient in identifying policy regimes. Nevertheless, this results in a
similar narrative in terms of the evolution of monetary and fiscal policy to the existing
literature—fiscal policy turns active in the late 1960s and monetary policy turns active
shortly afterwards, only regaining its activism following the Volcker disinflation in 1982.
However, under our rules-based estimation the transition to a complementary passive
fiscal regime was, unlike Bianchi and Ilut, not decisively achieved in 1982, and really
only emerged a decade later in 1992.

When considering policy described by simple rules, we assume fiscal policy follows
a simple tax rule:

Fr=prs T+ (1= prs) (8r,5, b1 +8,3) + o761,

where we assume the coefficient on debt, 8, ;,, and the persistence of the tax rate, p;
are subject to regime switching with s; = 1 indicating the Passive Fiscal (PF) regime and
s; = 2 being the Active Fiscal (AF) regime. The fiscal policy regimes are determined by
the value of coefficient on debt with 8, 5,1 > % — 1 in the PF regime and 6;,5,—2 =0 in
the AF regime.

When U.S. monetary policy is described as a generalized Taylor rule, we specify this

rule following An and Schorfheide (2007),

Ri=prs,Ric1+ (1= pros)[¥1,5.7 + 2,5, (A% +G1) ] + orer,

where the Fed adjusts interest rates in response to movements in inflation and devi-
ations of output growth from trend. We allow the rule parameters (pg s,, ¥1,s,» ¥2,s,)



8 Chen, Leeper, and Leith Supplementary Material

to switch between active and passive policy regimes. The Active Monetary (AM) policy
regime corresponds to S; = 1, while the Passive Monetary (PM) policy regime corre-
sponds to S; = 2. The labeling implies that ¢/ 5,1 > 1 and 0 < ¢1,5,—» < 1.

By considering both fiscal and monetary policy changes, we can distinguish four
policy regimes under rules-based policy. They are AM/PE AM/AE PM/PE and PM/AE
Leeper (1991) shows that, in the absence of regime switching, the existence of a unique
solution to the model depends on the nature of the assumed policy regime. A unique
solution can be found under both the AM/PF and PM/AF regimes, what Leeper and
Leith (2017) refer to as the M and F-regimes, respectively. In the former, monetary pol-
icy actively targets inflation and fiscal policy adjusts taxes to stabilize debt, while under
the latter combination the fiscal authority does not adjust taxes to stabilize debt and
the monetary authority does not actively target inflation in order to facilitate the stabi-
lization of debt. In contrast, no stationary solution and multiple equilibria are obtained
under the AM/AF and PM/PF regimes, respectively. However, when regime switching is
considered, the existence and uniqueness of a solution also depends on the transition
probabilities of the potential regime changes as economic agents anticipate the tran-
sition to different policy regimes. Specifically, we allow monetary and fiscal policy rule
parameters to switch independently of each other. The transition matrices for monetary
policy and fiscal policy are as follows:

p—| Pn 1—P22’
l1-pn  p2

Q=|:1 q11 1—6122],

— 411 qz2

where p;; = Pr[S, = i|S;—1 = i] and g;; = Pr[s; = i|s,—1 = i]. In addition, we also account
for a possible shift in fundamental shock volatilities which has been used as a potential
explanation of the Great Moderation. Failure to do so could potentially bias the iden-
tification of shifts in policy (see Sims and Zha (2006)). Therefore, we allow for inde-
pendent regime switching in the standard deviations of technology (o «,), preference
(0¢,k,), and cost-push (o, «,) shocks, with k; = 1 being in the low volatility regime and
k; = 2 in the high volatility regime. The transition matrix for the shock volatilities is as

follows:
h1n 1—ho
H= ,
|:1 —hn hxe ]

where h;; = Prik; = ilk,_1 =i].!

We adopt the solution algorithm proposed by Farmer, Waggoner, and Zha (2011) to
solve the model with Markov-switching in policy rule parameters. Since this algorithm
implies that economic agents anticipate the Markov switching between different policy
rules, there will be spillovers across policy regimes, which will turn out to be crucial in
determining the relative performance of alternative policies.

IThe joint transition matrix governing the monetary-fiscal-shock regime is then P = P ® Q ® H. In total,
there are eight regimes in the rules-based model.
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TaBLE C.1. Rules-based policy. Under the rules-based policy, we have four alternative policy
permutations: AM/PE AM/AE, PM/PE and PM/AE For monetary policy switches, S; = 1 is the
AM regime andS; = 2 is the PM regime. For fiscal policy switches, s; = 1 is the PF regime and
sy = 2 is the AF regime. 8, is assumed to be time-invariant across regimes.

Posterior Prior
Parameters Mode  Mean 5% 95% Type Mean  Std Dev
AM/PF
PR,s,=1,lagged interest rate 0.880 0.880  0.853  0.906 B 0.50 0.15
1,5,=1, interest rate resp. to inflation 3.068 2.898 2.098 3.657 G 2.00 0.50
2, 5,=1, interest rate resp. to output 0.719 0.670 0.421 0.977 G 0.50 0.25
pr,s.=1, lagged tax rate 0.955 0.957 0.929  0.985 B 0.70 0.15
6. 5,=1, tax rate resp. to debt 0.032 0.036 0.014 0.057 G 0.05 0.02
dy, tax rate resp. to output 0.000 0.078 0.000 0.177 G 0.10 0.10
AM/AF
PR,s,=1,lagged interest rate 0.610 0.609 0.525  0.694 B 0.50 0.15
Y1,5,=1, interest rate resp. to inflation 1.454 1.485 1.289 1.688 G 2.00 0.50
2, s1=1, interest rate resp. to output 0.686 0.695 0.483 0.926 G 0.50 0.25
pr.5—2, lagged tax rate 0.763  0.725 0.610  0.846 B 0.70 0.15
8: 5,=2, tax rate resp. to debt 0.00 0.00 - - Fixed - -
dy, tax rate resp. to output 0.000 0.078 0.000 0.177 G 0.10 0.10
PM/PF
PR,s,=2, lagged interest rate 0.869 0.856 0.819 0.896 B 0.50 0.15
1,5,—2, interest rate resp. to inflation ~ 0.982 0.904  0.810  0.990 G 0.80 0.15
Y2, s1—2, interest rate resp. to output 0.581 0.583 0.288 0.938 G 0.50 0.25
pr,s,=1,lagged tax rate 0.437 0.466 0.308 0.623 B 0.70 0.15
8r,5,=1, tax rate resp. to debt 0.077 0.083  0.055 0.112 G 0.05 0.02
dy, tax rate resp. to output 0.000 0.078 0.000 0.177 G 0.10 0.10
PM/AF
PR,s,=2, lagged interest rate 0.869 0.856  0.819  0.896 B 0.50 0.15
1,5,=2, interest rate resp. to inflation 0.982 0.904 0.810 0.990 G 0.80 0.15
2, s1=2, interest rate resp. to output 0.581 0.583 0.288 0.938 G 0.50 0.25
pr,s,=2, lagged tax rate 0.763 0.725 0.610  0.846 B 0.70 0.15
8. 5,=2, tax rate resp. to debt 0.00 0.00 - - Fixed - -
dy, tax rate resp. to output 0.000 0.078 0.000 0.177 G 0.10 0.10

Table C.1 presents the priors and posterior estimates for the rules-based policy. For
the interest rate rule parameters, we set symmetric priors for the parameter of the lagged
interest rate and the parameter of output growth, whereas asymmetric and truncated
priors are used for the parameter of inflation to ensure that i1 5,—; > 1 in the AM regime
and 0 < ¢, 5,—» < 1 in the PM regime. Similarly, for the tax rule, a symmetric prior is used
for the parameter of lagged tax rate, while the parameter of debt is restricted to be zero
in the AF regime and positive in the PF regime. Overall, the priors of the policy rule pa-
rameters imply four distinct fiscal and monetary policy regimes: AM/PE AM/AE PM/PE,
and PM/AE In addition, variances of shocks are chosen to be highly dispersed inverted
Gamma distributions to generate realistic volatilities for the endogenous variables.
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TaBLE C.1. Rules-based policy (continued). For volatility, k, = 1 is the low volatility regime
andk, = 2 is the high volatility regime.

Posterior Prior
Parameters Mode Mean 5% 95%  Type Mean Std Dev
Deep parameters
o, Inv. of intertemp. elas. of subst. 2.500 2509 2.134 2.898 N 2.50 0.25
a, Calvo parameter 0.798 0.800 0.772  0.827 B 0.75 0.02
¢, inflation inertia 0.387 0.339 0.206  0.458 B 0.50 0.10
6, habit persistence 0.464 0.524 0.359 0.658 B 0.50 0.10
¢, Inverse of Frisch elasticity 2.00 2.00 - - Fixed - -
Serial correlation of exogenous processes
p¢» AR coeff., taste shock 0.893 0.886 0.844 0.927 B 0.50 0.15
pu, AR coeff., cost-push shock 0.153  0.209 0.078  0.346 B 0.50 0.15
pg» AR coeff., productivity shock 0.427 0.406 0.293 0.519 B 0.50 0.15
pz, AR coeff., transfers 0.977 0.976 0.966 0.987 B 0.50 0.15
pg» AR coeff., government spending 0.981 0.980 0.970 0.99 B 0.50 0.15
Standard deviations of exogenous processes
O¢ k,=1, taste shock 0.555 0.532 0.375 0.684 1G 0.50 2.00
o¢, k,=2 taste shock 1.235 1.215 0.883 1.532 1G 2.00 2.00
Oy, k,=1, Cost-push shock 4.845 4.051 3.080 5.000 IG 0.50 2.00
Oy, k=2, cost-push shock 12.734 11.772 7.851 15.792 IG 2.00 2.00
0y, k,=1, productivity shock 0.510 0.572 0479 0.660 IG 0.50 2.00
0y, k,=2, Productivity shock 1.111  1.275 1.059 1462 IG 2.00 2.00
o1p, term premium shock 3.258 3.293 2.996 3.570 1G 2.00 2.00
gy, government spending shock 0.246  0.249 0.229 0.269 IG 0.10 2.00
o, transfers shock 0.300 0.303 0.279 0.327 1G 0.50 2.00
o, tax rate shock 0.359 0.361 0.330 0.393 1G 0.50 2.00
oR, interest rate shock 0.205 0.211 0.189 0.232 1G 0.50 2.00
Transition probabilities

p11, monetary policy: remaining active 0.972 0.971 0.955 0.989 B 0.95 0.02
P22, monetary policy: remaining passive 0.933 0915 0.877 0.956 B 0.95 0.02
qn, fiscal policy: remaining passive 0.955 0952 0.929 0.978 B 0.95 0.02
q22, fiscal policy: remaining active 0.935 0918 0.882 0.954 B 0.95 0.02
h11, volatility: remaining with low volatility 0.958 0951 0.926 0.977 B 0.95 0.02
hyp, volatility: remaining with high volatility = 0.910  0.905 0.875  0.935 B 0.95 0.02

C.1 Posterior estimates: Rules-based policy

The posterior parameter estimates of the rules-based policy are reported in Table C.1.
Our estimates of the structural parameters are broadly in line with other studies: an
intertemporal elasticity of substitution, o = 2.5; a measure of price stickiness, @ = 0.8,
implying that price contracts typically last for just over one year; a degree of price index-
ation, ¢ = 0.34, and a significant estimate of the degree of habits, 6 = 0.52.

Under the rules-based policy, we have four alternative policy permutations: AM/PE
AM/AE PM/PE and PM/AE In order to allow for maximum flexibility in describing the
policy regimes, we initially allowed for variations in rule parameters across the four pol-
icy regimes. Therefore, for example, the active monetary policy rule parameters in the
AM/PF regime can differ from those in the AM/AF regime. Indeed, we find significant
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variations in the AM and PF regimes depending on which policy they are combined
with. However, the PM and AF regimes appeared to be similar regardless of which pol-
icy they were paired with. Therefore, we restrict the PM and AF to be the same across
their respective paired regimes. The resultant policy regimes imply that the passive
monetary policy is inertial, pg s,—» = 0.86, and only falling slightly short of the Taylor
principle, ;1 5,-2 = 0.9, with a significant coefficient on output, ¢ 5,—» = 0.58. While
an active monetary policy paired with a passive fiscal policy (AM/PF) is both inertial,
PR,s,=1 = 0.88, and very aggressive in targeting inflation, ¢, 5,1 = 2.9, with a relatively
strong response to output, i, 5,—1 = 0.67. When fiscal policy is active, then an associated
active monetary policy is far less aggressive as interest rate inertia falls, pg 5,-1 = 0.61,
along with the response to inflation, ¢ 5,—1 = 1.48, while the response to output in-
creases, 2, 5,=1 = 0.70. Since the AM/AF regime is inherently unstable, it would appear
that the conflict between the monetary and fiscal authority results in a moderation in
the conservatism of monetary policy even while that policy remains active. Similarly,
the passive fiscal policy is far more inertial, p, ;-1 = 0.96, and less responsive to debt,
8r,5,=1 = 0.04, when it is paired with an active monetary policy (AM/PF) than when the
passive fiscal policy is paired with a passive monetary policy (PM/PF) where tax rate in-
ertia falls, p; 5,1 = 0.46, and the response to debtrises, 6,,5,—=1 = 0.08. These kinds of dif-
ferences in estimation across regimes could reflect the nature of the interaction between
monetary and fiscal policy. In the case of the AM/AF regime, the policy is unstable and
only rendered determinate because of spillovers from other policy permutations, so that
the moderation in monetary policy would serve to mitigate the unstable debt dynamics
caused by rising debt service costs under the active policy policy. Similarly, a passive fis-
cal policy, which raises distortionary taxes to stabilize debt, is likely to fuel inflation and
lead to rising debt service costs when monetary policy is active. This is less of a danger
when monetary policy is passive, so that fiscal policy can be relatively more aggressive
in responding to debt in the latter case. These results suggest that the stance of one (or
both) policy maker(s) is dependent on the policies of the other. This can be analyzed
more formally by considering targeting rules where one policy maker takes into account
the actions of the other.

C.2 Regime switching rules-based policy

Figure C.1 details the movements across fiscal and monetary policy regimes when the
policy is described by rules-based policy. The first panel describes the probability of be-
ing in the passive fiscal policy regime, the second the active fiscal policy regime, and the
third panel gives the probability of being in the passive monetary policy regime (with its
complement being the active monetary regime). Taking these together, we observe that
the conventional policy assignment (i.e., AM/PF) prevails right up until the late 1960s
in contrast to the findings in Bianchi (2012) or Bianchi and Ilut (2017) who suggest that
policy had already deviated from the textbook assignment by then. Fiscal policy then
turns active in 1969, and monetary policy turns passive shortly afterwards. There is a
brief attempt at disinflation in 1973, but we essentially stay in the PM regime until Vol-
cker. Afterwards monetary policy stays active, and there are brief flirtations with passive
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1

I Passive Fiscal Policy

0.5

1 |

0 |
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

I Active Fiscal Policy

0.5
0 L onll B [— - | |
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
1 T T T T T T T T I_I T |
I Passive Monetary Policy
0.5

O L 1
19556 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

1 2 Lo Belen. | 5. 1 1

T
B High Volatility

) — |

0
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Ficure C.1. Markov switching probabilities: Policy and volatility switches under rules-based
policy.

fiscal policy around 1975 and 1981-1982, although none stick until 1992. Therefore, the
AM/PF regime did not reemerge until 1992. This result is consistent with Bianchi (2012)
but different with Bianchi and Ilut (2017). Finally, we find a brief relaxation of monetary
policy in the aftermath of the bursting of the dot com bubble around 2001, while fiscal
policy remains passive.

Our estimates suggest that regimes that are determinate because of the expectations
of returning to either the AM/PF or PM/AF regime actually describe observed policy
configurations for much of our sample period. The AM/PF and PM/AF regimes are es-
timated to be in place for 60% and 12% of the sample period, respectively, while the
PM/PF regime appears to be the least frequently observed regime which is only present
for 2% of the time. This is consistent with Bianchi and Ilut (2017) in that the PM/PF
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regime does not appear to be a significant regime. The remaining 26% of the sample pe-
riod is described by the AM/AF regime, which is inherently unstable in the absence of
expectations that we would return to either the AM/PF or PM/AF regimes.

In short, the rules-based estimation is consistent with a narrative where fiscal policy
ceases to act to stabilize debt in the 1970s, with monetary policy turning passive shortly
afterwards. Monetary policy then actively targets inflation following the appointment
of Paul Volcker, but fiscal policy does not decisively turn passive in support of that pol-
icy until the early 1990s. That the rules-based estimation would identify this pattern of
regime change can easily be seen in the broad trends in inflation, interest rates, and
debt contained in Figure 1 in the paper. The PM/AF regime of the 1970s is associated
with high inflation, the AM/AF regime of the 1980s with the tightening of monetary pol-
icy, falling inflation, and rising debt, the AM/PF regime of the 1990s with the ongoing
stabilization in inflation and the debt to GDP ratio. We shall see in the main text that
the estimation based on strategic policy allows for a more nuanced description of the
evolution of policy regimes

APPENDIX D: LEADERSHIP EQUILIBRIA UNDER DISCRETION

This section demonstrates how to solve noncooperative dynamic games in the Markov
jump-linear quadratic systems. Consider an economy with two policy makers: a leader
(L) and a follower (F):

L F
Xev1 = Avrk o Xo + Arzk o X + Brik, 4y + Bk 4y + Gy 8041, (D)
E,Hktﬂxtﬂ = Agltht + Aggjtxt + Bgljtu{‘ + ngjtuf, (D.2)

where X; is a n; vector of predetermined variables; x; is a ny vector of forward-looking
variables; ul and u! are the control variables, and &, contains a vector of zero mean
i.i.d.shocks. Without loss of generality, the shocks are normalized so that the covariance

matrix of ¢ is an identity matrix, and the covariance matrix of the shocks to X;;1 is
/
kit1 k-

The matrices Allk[+]’ A12kf+1» Hkt+1’ Bllk[+17 BleHl, A21jr’ Aggjt, Blet’ and BZth can
each take n different values, corresponding to the » modes k;+1 =1, 2, ..., n in period
t+1,and j, =1, 2,...,nin period ¢. The modes follow a Markov process with constant
transition probabilities:

ij:Pr{k[+1=k|jt=j}, j,k:l,Z,...,n.

Let P denote the n x n transition matrix [Pj] and the 1 x n vector p = (py,, ..., Pn,)
denote the probability distribution of the modes in period ¢,

Pr+1=piP.

Finally, the 1 x n vector p denotes the unique stationary distribution of the modes,
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We assume that the intertemporal loss functions of the two policy makers are de-

fined by the quadratic loss function

> 1

]Et Z EBTL;H-T’

7=0

where LY is the period loss with u = F for the follower and u = L for the leader, respec-
tively. The period loss, L7, can take different value corresponding to the » modes in
period ¢. The period loss satisfies

U__ yu AuUyU
th_ Yt Ajz Yt ’
where A? is a symmetric and positive semidefinite weight matrix. Y;* are ny vectors of
target variables for the follower and leader:

qu:Du L

It follows that the period loss function can be rewritten as

!/

X X
Xt Xt
LY = wH (D.3)
L L | .
Jt u; Jt uy
uy uy

where W* = D A% D" is symmetric and positive semidefinite, and
Jt Jt

Oy, Q. Priy, Py,
e
1y, Py, Ry, Ry,
Py, Pyj R, Ry

is partitioned with X/, x;, utL, and uf .

The follower and leader decide their policy u! and u’ in period ¢ to minimize their
intertemporal loss functions defined in (D.3) under discretion subject to (D.1), (D.2), X;
and j; given. The follower also observes the current decision ul* of the leader. Further-
more, two policy makers anticipate that they will reoptimize in period ¢ 4+ 1. Reoptimiza-
tion will result in the two instruments and the forward-looking variables in period ¢ + 1
being functions of the predetermined variables and the mode in period ¢ + 1 according
to

L L

Uiy ==, Xe1, (D.4)
F F F L

l/lt+1 = _th+lXt+1 _karlul-‘rl’ (D.S)

Xt41 = —Npg,, Xe41, (D.6)
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where k,y1 =1, ..., n are the n modes at period ¢ + 1. The dynamics of the predeter-
mined variables will follow:

Xev1 =M, Xt + Ci,py €041,
where

_ o L F FpL
thkt+1 = Allkr+1 - A12kt+lN]I Bllktﬂth BletJrlGjt +B12kr+1Dj,th’

First, by (D.6) and (D.1) we have
EfHerxH-l = _EfHkt+1th+1Xt+1
= _EtHkt+1th+1 (AllktﬂXf + Alet+1xt + Bllkr+1u{‘ + Blet+1 uf)’

where E/Hy,, N, = ZZZIPjtkI+1Hkt+1th+l’ conditional on j; =1, 2,...n at the pe-
riod. Combining this with (D.2) gives
—EHp,,,Ni,o, (Ar1k, o, Xo + A2k, 0+ Brik,,, uk + B2k, uf)
= Ap1j, X+ Azaj,x; + Boyj,uk + Bagj,ul.
Solving for x;, we obtain
xo=—J; X; = Kjuy —Kjuf, (D.7)

where

n -1
Jj, = (Azzp +Y Pik H ktHNkmAlzkm)
k=1

n
x <A21jr + ijtkf+1Hkt+1th+1Allkt+l)’
k=1

-1

n

L

sz = <A22jt =+ ZPjtkH—lHkH_]NkH_]Alzkt+1)
k=1

n
x <B21jr + ZPftkz+1Hkt+1th+1Bllkt+l>'
k=1

-1

n

F_ . .

Kjt - (AZZJ, + ZPltkt+1Hkt+lth+1A12kt+1)
k=1

n
x <BZZ}} + ZP]zkz+1Hkt+1Nkz+1Blzkz+1>'
k=1

We assume that Az, + > %, Pjk,.  Hk,.1 Nk, A12k,,, is invertible.

ki1
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Second, substituting x; from (D.1) using (D.7) gives

~ F
XH—I :Ajtkt+1Xt+B]tk,+1ut +B] kr+1ut +Ck[+18[+1, (D8)
where
Ajtkz+1 = Allkt+1 - A12k1+1‘]ft’
L _ L
Bjtkl-H - Bllk”rl - AleHlK]t’
_ F
Jeker1 T Ble“rl - AleHlKjr'
D.1 Policy of the follower
Using (D.7) in the follower’s loss function (D.3) gives
o/ F F
X Quj, Q].ZJt P}:ljt P%Zj, X
. Q%ut sz/'t Porj, - Pogj | | 1
/
AR 1 P 21, Riye Ruj | | ur
/ / /
LU | [ Pi2j, Paj, Rizj, Ry | U
v 1'TAF  pF F
Xl |9 By Dy || X
_|..L 5Fr RF SF L
= u% 51 s 5}1:1]} Is‘;zh u}: » (Dg)
/ /
L Ur | [ Poj, Ripj, Ropj | | W

where
~SF F
Q Qu;, Q12][ ji = 95,021, +7; sz;, Jor
L
Pf} = Py}, — Oy Kf; +7,00,Kj; = 1}, Phyj,»
_ F ! F ' pF
P = Py, — O K[ + 7, szj'tK i~ 15 P22j
SF L LipF L
Riyj, = K/ 05,;, KJ; — Kj'PJy, — P2y, K + RY)
SF LinF F _ pLipF F
Riyj, =K' Q5 K, = K/ Phy, — Py, K + Rl
SF F FrpF F
RYyj, = Kj' 055;, Kj; — Kj'P35j, — Py K + R3) .
The optimal value of the problem in period ¢ is associated with the symmetric posi-

tive semidefinite matrix VkIj " and it satisfies the Bellman equation:

F . F F
th/jt X[ZIIJII:H{Lh +'BEI|:X;+1V]Q+1X[+1]} (D.IO)
Jt
subject to (D.8) and (D.9). The first-order condition with respect to uf is
0= X’/PZJ + ut R12] + ut 22] + BEZX;A/' ki1 VkljJrlB;:ktH

L L/ nF Frp nF
+ BEwu B; kt+1th+lBjtkt+1 + BEu; B]tkzﬂthHBjtkrﬂ'
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This leads to the optimal policy function u!" of the follower
uif = =Gy, Xip1 = Dp, upiy, (D.11)

where

-1
F _ F Fr F DF
Gl = <R22; + BZ kr+lBhk,+1th+1Bjtkl+1>
Fr F/ F
(szr +BZ Jiken jtkt+1th+1 AjtkH—l)’

-1
n
F_»F 3R F ®F
Dy,.. = (Rzzj't +B ZP],kmlekakMBj,k,H)

k=1

F nF L
(Rlzlj +BZ kaB ;CH-IVk-HB kz+1>'

Furthermore, using (D.4) and (D.11) in (D.7) gives
xt=—thXt, (DIZ)
where

Nj, =T, — KEFE - KFGF + KIDIFL,

and using (D.4) and (D.11) and (D.12) in (D.1) gives
X1 =M, Xt + Ci, oy 8141,
where
M., = Atk — A12k,,Nj, — BnleF B12k,+1G +Blzk,+1D,,F,,

Finally, using (D.4), (D.8), (D.9), and (D.11) in (D.10) results in

+ FL/RF FL

AF _ pF pL _ pLipFr
=Q, — P Fj,—F;P 1.5,

Lje™ e Lji
BL INF (5 =L L
+B Z tkz+1 tht+1 - Bj,k,Hth) Vk,ﬂ (Altkt+1 - Bj,k,Hth)
SF ) =L I\'1,F RF
[P2jt Rlzj[ + B Z kH—l A]tkt+l +Bj[k[+1Fj[) VkH,lBjtkH,l]
k=1

-1
Fr F RF
(RZZ} +’BZ Jiki ]tkt+1th+1B]tkt+l)

pF F F 1 L
X |:P2j/, 12], +B ZP]tkt-HB ;<t+1th+1 (Ajtkt+1 + B],kt+1Fj¢)j|
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D.2 Policy of the leader
Using (D.7) and (D.11) in the leader’s loss function (D.3) gives

_ "
X Quj, Q12,, PlLlj, P12], X
L_ | %t QZI}; sz;, P21j, P22], Xt
Lj, - L L/ L/ L L L
wo || P Pae Riy Ry | fuy
/ ! /
| U Py, Pyj, Rppj, Ry | [
I
L 3L
| X o P X; (D.13)
ub | | PV RL ul |’ '
i Ji
where
AL L F FrpL/ FrpL T
Q Quj, Pr,;,Gj, = G Py, + G Rzz;, Q12], Jt

7,05, + 71,08, djs + T, Pp, G, + GflP 335 jo
ﬁ]L, = PlLlj, - Q%Zj,jzft - PlLZj DF +f/' Q%Zj Ejt _f]/'tPZLljt
+7, Py DY + GI'PL. K, — GIRYy, + GRS, DF,
RL =Ry + 1?}{ oL, jtKj, —RY,;, D} — DRy, + DI'RS,; DY,
— K| P, + K, PL, DY — Pl K, + DY' P K,
and Jj, = (J;, - KL G!) and K}, = (Kk — KI'DF)

The value of the problem in period ¢ is associated with the symmetric positive
semidefinite matrix VkLl+1 and it satisfies the Bellman equation

X’ijXt = n;in{Lﬁ + BE; [X;+1VkI:HXt+1]}, (D.14)
Jt
subject to (D.8), (D.11), and (D.13) . The first-order condition with respect to ul is

Ghyvk (BL,. . —Bf. . D)

pL L/ pL nF
0= XP +uy /R +'8Et ( Jikes — B; Jrki1 Jikep1 ™ i

ekt

L/ (DL nF 'v,L nL nF F
+ BEw; (Bjtkt+1 - szkz+1Djt) th+1 (Bjtkz+1 o BjrerDjt)’

This leads to the optimal policy function of the leader

r=—FrX, (D.15)

where

-1
L nF F nL nF F
|:R th Z kt+1 thz+1 - Bjtkt+1D]t) Vz (Bjrkz+1 - Bjtkt+1th)]

L/ RF . __pF F
|:P + ,3 Z kt+1 jtkl+1 B.]tkH,l jt) Vk,H (A]tkt+1 Bjtk1+1 Gj;)] .
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Furthermore, using (D.11) and (D.15) in (D.7) gives
—N; X;, (D.16)

where

L L L F F FnF L
Nj, =1Jj, — KEFE - KI'GE + KEDPFE,

and using (D.11), (D.15), and (D.16) in (D.1) gives

X1 =M, Xt + Ci, oy 81415

where
_ L
Mjrkz+1 = A11k1+1 - A12k1+1er Bllkz+1th Bl2kt+1G +Ble1+1D1,F],

Finally, using (D.8), (D.11), (D.13), and (D.15) in (D.14) results in

n
L _ AL . ~  _®F ~  _®F F
Vj, = Qj, +B ijzktJrl (A]tkt+1 Bj,k,HG],) Vk[+1 (A]tkt+1 Bj,k,H Gj,)
DL nF F\'1/L BL nF F
- P +B Z tkt+1 tht+1 - Bj[kz+1Gjt) th+1 (Bjtkt+1 o Bjtkt+lel):|

-1
L nF BL nF F
x R + B Z ’kH'l ]tk1+1 Bjtkz+1 Jt) th+1 (B]tkt+1 - Bjtkl+1Djt):|

SLi =F F\'i,L (75 SF F
X P + B Z kH—l jtkH»l - Bj[kt+] D][) th+1 (Ajlkt+1 - Bjtkt+1 G][)} °
To sum up, the first-order conditions to the optimization problem (D.1), (D.2), and
(D.3) can be written in the following form:
Nj =J;, —KLFf —KI Gl + KT DY FT,

F _ AF pF L L' pFr L' pF L
V]r =Q Pl]tF}t F Pl/z F Rll]tF]t

=L ~ L L
+B Z kr+1 ]tkt+1 - Bjtkt+] ],) Vk,H (A]tkt+1 - Bj,k,Hij)
k=1

SF _ =1 N F BF
[szt R12], + BZ tkl+1 Atht+1 +Bj[kt+]th) VkH,lBjka,]]

-1
F/ Fr F RF
(RZZJ +'BZ kf+1BJrkr+1sz+1B]tkt+1)

Fr nE/ nF/ F (75 L
|:P2j, Rlzh + B Z tkz+1Bj,k,+1 Vkl+1 (A]tkt-H + Bjtk,+1Fj;):|
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=F L (7 =F F
+ B Z tkt+1 ]rkt+1 - Bjtk,HG]t) th+1 (A]rktﬂ - Bjtk,HGjt)
pL nF F L nL nF F
- P + B Z kt+l ]tkt+1 - Bjtkt+1 G]t) VkH,] (B kt+] - BjtkH,let)}

-1
nF nL nF F
x + B Z kl+1 ]rkz+1 - Bjtkt+1 Jt) th+1 (Bjtkt+1 o Bizkz+1Djt)]

n
5L _ BL _R®F N L (7 _R®F F
X P]t + B ZP]tkH—l (Bjtk,+1 Bj[kH,let) VkH,l (A]Ikt+l Bj[kH,lGj[)}
L k=1

-1
|:RL/+BZ kt+1 jtkt+1 BFktH ]t) th+1(B]Ltkt+1_§£kt+1D£):|
~ n ~ ~ ~
[P 83 P B~ B DDV (i~ B )|
k=1
-1
G£t+1 ( 22] +'BZ jikin B kt+1Vk]j+1§£kt+1)
X ( , TB Z kt+lBF;c,+1VkI:+1‘thkt+1>’
-1
D£t+1 =( 22] +'BZ fktHBF;WHVkI:HE;:kHl)

F/ F L
X( 12]r+'BZ Jike thr+1Vk+1Bjtkt+1>'

The discretion equilibrium is a fixed point (N, VL, V) = (N, V]{“, V]f Ji_, of the
mapping and a corresponding (FL, GF, D) = {FJ.L[, Gi, Df.‘;};?[:l. The fixed point can be
obtained as the limit of (N, V', V) when t — —cc.

APPENDIX E: NASH EQUILIBRIUM UNDER DISCRETION
Consider an economy with two policy makers, A and B, who decide their policy simul-
taneously:
Xi1 = Ak, Xo + Avoky Xe + Bk, uf + Biog, P + Cr,y 041, (ED)
EHy, \xr41 = A21j, X + Azzjx; + Boyj,ui! + Bagj,ub, (E.2)

where X; is a n; vector of predetermined variables; x; is a ny vector of forward-looking
variables; u;! and u? are the two policy makers’ instruments, and &, contains a vector of
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zero mean i.i.d. shocks. Without loss of generality, the shocks are normalized so that the
covariance matrix of ¢, is an identity matrix, and the covariance matrix of the shocks to
Xt+1 is C]/[C]t

The period loss function of policy makers, A and B, is defined as in equation (D.3)
with u = 4 and u = B, respectively. Policy makers A and B simultaneously decide their
policy u/! and u? in period ¢ to minimize their intertemporal loss functions defined in
(D.3) under discretion subject to (E.1), (D.2), X; and j; given. Reoptimization in period
t + 1 result in the two instruments and the forward-looking variables being functions of
the predetermined variables and the mode as follows:

A A
uii = _Fk,+1Xt+1' (E.3)
B B
uH_l = _Fk[+1Xt+1’ (E4)
Xi41 = —Np,  Xep1. (E.5)

Combining equations (E.1), (E.2), and (E.5), we solve for x;,

xo=—JiX; = Kiu = KPu?, (E.6)

where

-1
n
Jj = <A22jt + ZPjtkt+1Hkt+lth+1A12kt+l)
k=1
n
X <A21j + ZPjtkt+1Hkl+1th+lAllkHrl)’
k=1
n -1
A _ . .
Kjt - <A22]l + ijtkt+1Hkt+1th+1AleHl)
k=1
n
x <B7—1f + Z Pjtkz+1Hkt+1 th+1B11kt+1> ’
k=1

-1

n

B

Kj[ = (AZth + ijtkm_lHkH]NkH_lAleH_])
k=1

n
x <Bzzf + ZPjrkt+1Hkt+1Nkz+1Blzkz+1) .
k=1

By substituting x, from (E.1) using (E.6) gives
Xiv1=Ajp X+ B u +BE,  uPf+Cpp e, (E.7)

ekt ki1

where

Ajikeyr = Atk — A2kt
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nA _ A
Bjtk,H = Bllkr+1 - A12kt+lKjt ’
_ B

Jikit1 T Bl2k,+1 - AlelHKjt'

E.1 Policy maker A

Substitute (E.4) and (E.6) in the policy maker A’s period loss function gives

X, Q11h Q12h Pﬁjt Pl?_][ X;
= | o) |G G B
”zB Piij,  Paij, Ry, Riy,, ”tB
| Ut P é/j, P. 2/;/]', Rf‘z/j, RzAzj, Uy
(2 Al
- _ufl P]f:" thl ul |’ ’

where

é]/tl = Qﬁjt le]t jr Q21J, i /QZZjB
+FP'Rsy, FE+ FPPgy, TP + TP Psy, FP
— Py, F} - FP' Py,
Pl = —0fy, Ki + 77055, Ki! + Py, — T)'P3,,
+FYPsy, Kt — FP'RY,

pA _ A A _ pAr A
Ril =K' 05, Kf = K'P3}; — P3Y K + Ry},

and J® =J; — KBFP.
The opt1ma1 value of the problem in period ¢ is associated with the symmetric posi-

tive semidefinite matrix Vkil and it satisfies the Bellman equation:

A . A A
XlV}t Xt = ril}(ll’l{Lh + BE[[X;+1th+1Xt+1]} (Eg)
Jt
subject to (E.4), (E.6), and (E.8). The first-order condition with respect to utA is
1 BA ARA | =B B\'1,A TA
0=X, P + uj R + BE: X ( jtki _Bjtkt+1Fjl) th+lBjtkt+1
AD A [A
+ BEwu; Bhkt+1th+1B]tkt+1

The optimal policy function of the leader is given by

u' = —F{'X,, (E.10)
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where

-1

n

A_ [ 4 , A 1A HA

Fft - (Rjz +BZP/tkt+1B kt+1sz+1Bjtkt+1)
k=1

Ar / i »B B
|:P +BZ Jikit1 ]tkr+1sz+1(Ajtkf+1_Bjtkr+1th)]'

Furthermore, using (E.4) and (E.10) in (E.6) gives

Xy =—N; X, (E.11)

where
Nj =T —K{F! - KJF}
and using (E.4) and (E.10) and (E.11) in (20) gives
Xep1= M]}kH-lXt + th+18f+1’

where
B
M/tkt+1 = Allkrﬂ - AletJrlN]t Bllkt+1th BIZkt+1Fj[
Finally, using (E.4), (E.7), (E.8), and (E.10) in (E.9) results in

=B B\'i A (. =B B
+ B Z kf+1 ffkfﬂ - Bjtkt+1Fft) th+1 (A]fkfﬂ - Bjtkt+1th)

nB B\'y,A pRA
( + B Z ]l‘kt+1 tht+l - Bj[kt+]th) VkH,]BjtkH,])
-1
A Ar A pA
(R +BZ fleB/tktﬂVkr+lszkz+1>
sS4/ SAr A (7 _ 3B B
X |:Pj +h Z kHlB]tktﬂthH (A/’ktﬂ B]tkt+1th):| :

E.2 Policy maker B

Using (E.10) and (E.6) in policy maker B’s period loss function gives

— !/

B B
%¢ Qll/t leh P}Bljt Plej, X,

L= | Q%Ut Q%Zh Pj, - Pogj | | xt
Jt 14 4
B N B e VIS VRS T o
B/ B/ B B
| U Py, Paj, Ry, Ry | | U

23

o8 PBllx
= =j !
)15 L)



24 Chen, Leeper, and Leith Supplementary Material
where
Q Qn;, Q12];J;;1 JA/lej, +J~;'/,1/Q§2j, FA/R?l]tF]/;l
+FYPY, TA+ TV PY, F - PR, F - F'PE,
=-0% KB+ 770, KB —FYRY, +PL,
— J-A’P22 jt +F'Py K,

»B B B B B
RE=KBQE, KB KBPE, —PE KB+ RE,,

and J = (J;, - KAF.
The optimal value of the problem in period ¢ is associated with the symmetric posi-
tive semidefinite matrix Vklfﬂ and it satisfies the Bellman equation:

XV X =min{L] + BE[X[ 1 V}], Xen]} (E.13)
u

Jt

subject to (E.10), (E.6), and (E.12). The first-order condition with respect to u? is
BB »B BA BB
0=X,PP +uP'RE + BEX Ak — B FNVE BE,

BB/ BB
+ BEtu B]tkt-H th+lBjtkz+1 '
The optimal policy function of the follower is given by
P =-FPX, (E.14)

where

-1
B/ B »B
(R +'BZ jikin B ]tkr+1 kt+1Btht+1)

B/ BB/ B 7. pA A
|:P +BZ kl+1Bthz+1 ki1 (Affkl+1_Bjtkz+1th ):|

Furthermore, using (E.10) and (E.14) in (E.6) gives
x;=—-N; Xy, (E.15)
where

_ ApA BB
Nj,=J;— K{F{ — KBFB,

and using (E.10) and (E.14) and (E.15) in (20) gives
X1 =Mjp, Xt + Cr,py 141
where

_ , A B
Mk = Atk — A2k Njy = Buik Fi,,, — Brek o F;-
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Finally, using (E.7), (E.10), (E.12), and (E.14) in (E.13) results in

nA A 4
+BZ /fkf+1 ]'k’“ B; kt+1Fkt+1)

XthH(Z‘ B4 FE )

Jikisr T Pk ke

n
B i nA A B 7B
- |:Pjt + B ijtk“rl (Ajfkfﬂ - B]tkr+1F ) th+1Bjtkr+1:|

-1
B 1B
X( +BZ Jikr ]tkt+1th+lBjtkt+l>

B nB/ B 7 nA A
|:P +B Z kr+lB],k[+1th+1 (Ajtkt+1 - Bj,k[HFj, ):| .

25

To sum up, the first-order conditions to the optimization problem can be written in

the following form:

A A BB
Nj, =17;, —K{'F{ —KEFZ,

=B B\'1,A (5 =B
+ B Z tkt+1 ]tkt+1 - Bj,leth) Vkl+1 (A]tkt+1 - Bjtk,Hth

A RB B\'y,A RA
<P +B Z ek ( ]zkz+1 - Bjtk,HFj[) Vk,+1Bj,k,+1)
-1
A A/ nA
(R +'BZ Jiki1 ]zkt+1th+1B]tkt+1)

Ar A 1 BB B
|:P +B Z kt+1 ]tkH—l sz+1 (Ajtkfﬂ - Bjtkr+1Fft):|’

®A4  pA VB (7 =4
+ B Z kf+1 /fkfﬂ - Bjtkt+1Fkt+1) Vkr+1 (A/fkfﬂ - Bjtkt+1Fkt+1

RA A\'y/B BB
[ + B Z kt+1 l‘kl+1 - BjtkH,le[ ) VkH,lBjtkH,l}
-1
B B/ B 1B
(R +'BZ kt+lBJrkr+1sz+1Bjtkt+1)

B =By B (% =A A
|:P +’BZ ’kt+1B]tkt+lel+1 (Alfkt+1 _Bjrkz+1FJ't):|’
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-1
Ar A nA
<R +BZ fkf+1 jtkt+1 kt+lB]tkt+1>
Ar RA! A i BB B
|:P +BZ ktHB thit1 kr+1 (Ajfkf+1 _Bjtkt+1Fjr):|’
-1
B/ B/ B 1B
(R +BZ fleB]tktﬂVkr+lszkz+1>

B/ 159:1] B 7 nA A
|:P +h Z fktHszkrﬂ Vk:+1 (Aftkt+1 - szkz+1th )i|

The discretion equilibrium is a fixed point (X, A VB = {Nj,, VA Vj?};?t:l of the
mapping and a corresponding (F*, F%) = {F/!, F}'}? _,. The fixed pomt can be obtained

as the limit of (N;, V;4, V,3) when t — —oo.

Ji=1"

APPENDIX F: DATA APPENDIX

We follow Bianchi and Ilut (2017) in constructing our fiscal variables. The data for gov-
ernment spending, tax revenues, and transfers, are taken from the National Income and
Product Accounts (NIPA) Table 3.2 (Federal Government Current Receipts and Expendi-
tures) released by the Bureau of Economics Analysis. These data series are nominal and
in levels.

Government spending. Government spending is defined as the sum of consump-
tion expenditure (line 21), gross government investment (line 42), net purchases of non-
produced assets (line 44), minus consumption of fixed capital (line 45), minus wage ac-
cruals less disbursements (line 33).

Total tax revenues. Total tax revenues are constructed as the difference between cur-
rent receipts (line 38) and current transfer receipts (line 16).

Transfers. Transfers is defined as current transfer payments (line 22) minus current
transfer receipts (line 16) plus capital transfers payments (line 43) minus capital transfer
receipts (line 39) plus subsidies (line 32).

Federal government debt. Federal government debt is the market value of privately
held gross Federal debt, which is downloaded from Dallas Fed website.

The above three fiscal variables are normalized with respect to Nominal GDP. Nom-
inal GDP is taken from NIPA Table 1.1.5 (Gross Domestic Product).

Real GDP. Real GDP is take download from NIPA Table 1.1.6 (Real Gross Domestic
Product, Chained Dollars)

The GDP deflator. The GDP deflator is obtained from NIPA Table 1.1.5 (Gross Do-
mestic Product).

Effective Federal Funds Rate. Effective Federal Funds Rate is taken from the St.
Louis Fed website.
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APPENDIX G: ALTERNATIVE LEADERSHIP REGIMES

In this Appendix, we present the estimation results of alternative leadership regimes
where (1) the monetary authority acts as a the Stackelberg leader in Table G.1 and (2)
both policy makers act simultaneously in defining a Nash equilibrium in Table G.2.
These parameter estimates, the log-likelihoods presented in Table G.3 and the Markov
switching probabilities of the two alternative leadership regimes plotted in Figure G.1
are very similar to the case of fiscal leadership considered in the paper. As a result, the
underlying narrative does not change if we make a different assumptions about the role
of policy leadership.

TaBLE G.1. Monetary policy leadership.

Posterior Prior
Parameters Mode Mean [5%, 95%] Type Mean [5%, 95%]
Targeting rules parameters

w1, X¢ — S,, 0.202 0.226 [0.146, 0.303] B 0.50 [0.33, 0.66]
w2, i — %E,, 0.185 0.267 [0.191, 0.341] B 0.50 [0.33, 0.66]
w3, change in inflation 0.275 0.422 [0.264, 0.587] B 0.50 [0.33, 0.66]
oM, inflation 1.00 1.00 - - 1.00 Fixed

w%st, inflation 0.584 0.630 [0.516, 0.755] B 0.50 [0.33, 0.66]
wR, change in interest 0.689 0.719 [0.558, 0.880] B 0.50 [0.25,0.75]
wi,s;:l’ inflation 0.322 0.291 [0.187, 0.397] G 1.00 [0.30, 2.04]
wr 5,=1, change in tax 0.723 0.632 [0.461, 0.797] B 0.50 [0.25, 0.75]
pr,s,=2, lagged tax rate 0.967 0.904 [0.792, 0.974] B 0.70 [0.42, 0.92]
pr,5,=3, lagged tax rate 0.930 0.941 [0.916, 0.970] B 0.70 [0.42, 0.92]
8r,5,=2, tax resp. to debt 0.049 0.047 [0.035, 0.060] G 0.05 [0.00, 0.18]
6.,5,=3, tax resp. to debt 0.00 0.00 - - 0.00 Fixed

8y, tax resp. to output 0.001 0.032 [0.000, 0.073] G 0.10 [0.00, 0.45]

Deep parameters
o, Inverse of intertemp 3.619 3.187 [2.777, 3.628] N 2.50 [2.09, 2.91]
a, Calvo 0.789 0.768 [0.743, 0.793] B 0.75 [0.71, 0.78]
¢, inflation inertia 0.308 0.361 [0.265, 0.449] B 0.50 [0.33, 0.66]
0, habit persistence 0.752 0.820 [0.740, 0.896] B 0.50 [0.33, 0.66]
¢, Inverse of Frisch 2.00 2.00 - - 2.00 Fixed
Serial correlation of shocks

p¢, taste 0.946 0.943 [0.931, 0.956] B 0.50 [0.25, 0.75]
pu, cost-push 0.929 0.933 [0.915, 0.951] B 0.50 [0.25, 0.75]
pg» productivity 0.294 0.274 [0.208, 0.345] B 0.50 [0.25, 0.75]
pz, transfers 0.969 0.971 [0.960, 0.982] B 0.50 [0.25, 0.75]
pg, government 0.987 0.984 [0.978, 0.989] B 0.50 [0.25, 0.75]
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TABLE G.1. Monetary policy leadership (continued).

Posterior Prior
Parameters Mode Mean [5%, 95%] Type Mean [5%, 95%]
Standard deviation of shocks
O¢ k,=1, taste 0.811 0.892 [0.615, 1.154] 1G 0.50 [0.11, 1.49]
O¢, k,—2, taste 2.141 2.368 [1.559, 3.129] 1G 0.50 [0.11, 1.49]
Ou k=1, cost-push 0.654 0.591 [0.470, 0.713] 1G 0.50 [0.11, 1.49]
Oy, k,=2, Cost-push 2.208 1.898 [1.351, 2.405] 1G 0.50 [0.11, 1.49]
04, k=1, productivity 0.689 0.678 [0.600, 0.758] 1G 0.50 [0.11, 1.49]
g, k=2 productivity 1.236 1.272 [1.055, 1.490] 1G 0.50 [0.11, 1.49]
o1p, term premium 2.533 2.581 [2.330, 2.826] 1G 2.00 [0.63, 4.89]
oy, government 0.161 0.163 [0.149, 0.175] 1G 0.50 [0.11, 1.49]
o, transfer 0.303 0.304 [0.279, 0.328] 1G 0.50 [0.11, 1.49]
o,, tax rate 0.235 0.249 [0.221, 0.278] 1G 0.50 [0.11, 1.49]
Transition probabilities
¢11, remaining mc 0.952 0.951 [0.921, 0.982] B 0.95 [0.848, 0.998]
22, remaining lc 0.965 0.939 [0.899, 0.980] B 0.95 [0.848, 0.998]
11, remaining targeting 0.868 0.878 [0.846, 0.907] D 0.90 [0.807, 0.967]
12, targeting to passive 0.005 0.007 [0.000, 0.014] D 0.05 [0.002, 0.151]
22, remaining passive 0.963 0.949 [0.923, 0.976] D 0.90 [0.807, 0.967]
23, passive to active 0.005 0.013 [0.001, 0.025] D 0.05 [0.002, 0.151]
Y33, remaining active 0.918 0.909 [0.885, 0.934] D 0.90 [0.807, 0.967]
31, active to targeting 0.002 0.006 [0.000, 0.012] D 0.05 [0.002, 0.151]
h11, remaining v 0.971 0.964 [0.945, 0.984] B 0.90 [0.807, 0.967]
hyp, remaining hv 0.894 0.890 [0.859, 0.923] B 0.90 [0.807, 0.967]
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TABLE G.2. The Nash solution.
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Posterior Prior
Parameters Mode Mean [5%, 95%] Type Mean [5%, 95%]
Targeting rules parameters

w1, Xi— &, 0.226 0.221 [0.142, 0.296] B 0.50 [0.33, 0.66]
w2, Vi — %E,, 0.200 0.261 [0.191, 0.334] B 0.50 [0.33, 0.66]
w3, change in inflation 0.309 0.420 [0.251, 0.573] B 0.50 [0.33, 0.66]
o ), inflation 1.00 1.00 - - 1.00 Fixed

“’%st:w inflation 0.616 0.621 [0.498, 0.742] B 0.50 [0.33, 0.66]
wR, change in interest 0.667 0.715 [0.558, 0.881] B 0.50 [0.25, 0.75]
wi,s,:l’ inflation 0.334 0.302 [0.187, 0.409] G 1.00 [0.30, 2.04]
wr 5,=1, change in tax 0.670 0.622 [0.462, 0.796] B 0.50 [0.25, 0.75]
pr.s5,=2, lagged tax rate 0.967 0.899 [0.799, 0.972] B 0.70 [0.42,0.92]
pr,5,=3, lagged tax rate 0.931 0.943 [0.917, 0.968] B 0.70 [0.42, 0.92]
8r,5,=2, tax resp. to debt 0.050 0.047 [0.035, 0.059] G 0.05 [0.00, 0.18]
6.,5,=3, tax resp. to debt 0.00 0.00 - - 0.00 Fixed

8y, tax resp. to output 0.002 0.031 [0.000, 0.071] G 0.10 [0.00, 0.45]

Deep parameters
o, Inverse of intertemp 3.753 3.190 [2.748, 3.609] N 2.50 [2.09, 2.91]
a, Calvo 0.783 0.769 [0.744, 0.792] B 0.75 [0.71, 0.78]
¢, inflation inertia 0.316 0.360 [0.270, 0.448] B 0.50 [0.33, 0.66]
0, habit persistence 0.794 0.822 [0.756, 0.892] B 0.50 [0.33, 0.66]
¢, Inverse of Frisch 2.00 2.00 - - 2.00 Fixed
Serial correlation of shocks

p¢, taste 0.953 0.944 [0.933, 0.954] B 0.50 [0.25, 0.75]
pu, cost-push 0.930 0.933 [0.915, 0.951] B 0.50 [0.25, 0.75]
pg» productivity 0.290 0.274 [0.206, 0.345] B 0.50 [0.25, 0.75]
pz, transfers 0.968 0.972 [0.961, 0.983] B 0.50 [0.25, 0.75]
pg, government 0.988 0.984 [0.979, 0.990] B 0.50 [0.25, 0.75]
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TABLE G.2. The Nash solution (continued).

Supplementary Material

Posterior Prior
Parameters Mode Mean [5%, 95%] Type Mean [5%, 95%]
Standard deviation of shocks
O¢ k,=1, taste 0.911 0.897 [0.639, 1.147] IG 0.50 [0.11, 1.49]
0 k=2, taste 2.251 2.363 [1.606, 3.130] IG 0.50 [0.11, 1.49]
Oy, k,=1, Cost-push 0.653 0.593 [0.470, 0.715] 1G 0.50 [0.11, 1.49]
Oy, k,=2, COSt-push 2.303 1.917 [1.391, 2.463] 1G 0.50 [0.11, 1.49]
Oq ki=1> productivity 0.687 0.681 [0.604, 0.756] 1G 0.50 [0.11, 1.49]
0y, k=2, productivity 1.274 1.274 [1.052, 1.480] IG 0.50 [0.11, 1.49]
ayp, term premium 2.546 2.584 [2.333,2.841] IG 2.00 [0.63, 4.89]
og, government 0.161 0.163 [0.150, 0.176] 1G 0.50 [0.11, 1.49]
o, transfer 0.303 0.304 [0.280, 0.329] 1G 0.50 [0.11, 1.49]
o, tax rate 0.232 0.248 [0.219, 0.277] IG 0.50 [0.11, 1.49]
Transition probabilities
¢$11, remaining mc 0.955 0.953 [0.925, 0.981] B 0.95 [0.848, 0.998]
¢22, remaining Ic 0.970 0.938 [0.896, 0.979] B 0.95 [0.848, 0.998]
Y11, remaining targeting 0.882 0.876 [0.846, 0.904] D 0.90 [0.807, 0.967]
12, targeting to passive 0.005 0.006 [0.000, 0.015] D 0.05 [0.002, 0.151]
22, remaining passive 0.963 0.950 [0.926, 0.976] D 0.90 [0.807, 0.967]
23, passive to active 0.006 0.013 [0.001, 0.025] D 0.05 [0.002, 0.151]
Y33, remaining active 0.917 0.909 [0.884, 0.934] D 0.90 [0.807, 0.967]
31, active to targeting 0.0031 0.006 [0.000, 0.011] D 0.05 [0.002, 0.151]
h11, remaining with lv 0.973 0.964 [0.945, 0.983] B 0.90 [0.807, 0.967]
hyp, remaining with hv 0.892 0.890 [0.860, 0.922] B 0.90 [0.807, 0.967]

TAaBLE G.3. Model comparison.

Log Marginal Data Density

Model Geweke Sims, Waggoner, Zha
Monetary leader —1408.923 —1409.531
Nash —1409.326 —1410.003
Fiscal leader —1410.254 —1410.561
Intermediate model —1416.304 —1416.392
Rules-based policy —1418.116 —1418.541
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FiGure G.1. Markov switching probabilities: Policy and volatility switches under alternative
leadership regimes. Solid lines are from monetary leadership, whereas dashed lines are from
Nash solution.
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APPENDIX H: CONVERGENCE

A random walk Metropolis—Hastings algorithm is then used to generate four chains
consisting of 540,000 draws each (with the first 240,000 draws being discarded and 1
in every 100 draws being saved). Brooks—Gelman-Rubin potential reduction scale fac-
tors (PRSF) are all below the 1.1 benchmark value used as an upper bound for con-
vergence. FPSR values for rules-based policy and targeting rules are presented in Ta-
ble H.1.

TaBLE H.1. Brooks-Gelman-Rubin potential reduction scale factors.

Parameters PSRF Parameters PSRF Parameters PSRF Parameters PSRF Parameters PSRF

Rules-based policy

AM/PF PM/PF o .00  oguery 100 i1 1.00
PR,S;=1 1.00 PR,S;=2 1.06 a 1.00 Tg(k=2) 1.00 D22 1.00
U121 1.00 ¥1,5,—2 1.01 ¢ 100 ouuen 1.00 g 1.00
th2,5,=1 1.00 W2, $1=2 1.01 9 1.00 Tuik=2) 1.00 g22 1.01
Pr,s;=1 1.00 Pr,s;=1 1.00 ® fixed Tq(k=1) 1.00 h11 1.00
8r,51=1 100 8,421 1.00 pe 101 ouu=y 100 has 1.00
8y 1.02 8y 1.02 Pu 1.00 o1p 1.00

AM/AF PM/AF Pq 1.00 og 1.00
PR.S,—1 1.00 PR.S,—2 1.06 s 1.00 o 1.00
1,8,=1 1.00 W1,8,=2 1.01 Pg 1.00 o 1.00
Y2, 5021 1.00 U2, 51—2 1.01 oR 1.00
Pr,s,=2 1.02 Pr,s,=2 1.02
Or 5,=2 fixed Or5=2 fixed
Oy 1.02 Oy 1.02

Targeting rules

o1 1.00 o 100 oy 101 b1 1.00
2 1.00 a 101 o=z  1.00 b2 1.01
w3 1.00 ¢ 100 oy, 1.00 Y11 1.01
® g 5=1 fixed 0 1.02 Tyki=2) 1.01 Y12 1.01
W 5,=2 1.00 1] fixed Tt (k=1) 1.01 Pan 1.00
WR 1.00 pe 1.02 Og(k=2) 1.00 Po3 1.02
e 1.00 Pu 1.01 o 1.01 ¥33 1.00
o, 1.01 P 1.00 og 1.00 ¥31 1.00
Pr.Si=2 1.03 p: 1.02 o, 1.00 1 1.00
Pr.5,=3 1.01 Pg 1.01 o, 1.01 hao 1.00
875,22 1.02

87’,S¢:3 fixed

8y 1.00
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APPENDIX I: MODEL IDENTIFICATION

We apply the Komunjer and Ng (2011) identification test to analyze our targeting rule
model. Komunjer and Ng (2011) study the local identification of a DSGE model from
its linearized solution. Their test uses the restrictions implied by equivalent spectral
densities to obtain rank and order conditions for identification. Minimality and left-
invertibility are necessary and sufficient conditions for identification. It is important to
note that the Komunjer and Ng (2011) identification test only applies to covariance sta-
tionary processes. Therefore, the parameters associated with Markov-switching shock
variances cannot be incorporated into the test.

Nevertheless, it is possible to test the identification of structural parameters and the
transition probabilities associated with policy changes. We can solve our model assum-
ing that policy stays in one regime, while the private agents in the economy are aware
that there are probabilities of policy switching to a different regime. In total, we have six
policy regimes: MC/TE, LC/TE MC/PE LC/PE MC/AE and LC/AE

Our targeting rule model has an estimated parameter vector of dimension ng = 35,
seven observables and seven exogenous shocks (i.e., ny = n, = 7). The model is square.
Thus, Proposition 2-S in Komunjer and Ng (2011) is employed to assess identification.
Overall, the test does not indicate that any parameters are unidentified. In Table I.1, the
required rank for identification of each regime is presented, along with the Tol at which
the model passes the rank requirement.?

In addition, we plot draws from the the prior and posterior distributions of param-
eters for the targeting rule model in Figure I. Visual inspection reveals that the pri-
ors are widely dispersed around the respective means, whereas posteriors are more
concentrated. In other words, the data are informative with respect to these parame-
ters.

TaBLEI.1. Komunjer and Ng (2011) identification test.

Tolerance ASA A% Aij AS Pass
MC/TF 1.0e—03 35 144 49 228 YES
LC/TF 1.0e—03 35 144 49 228 YES
MC/PF 1.0e—04 35 100 49 184 YES
LC/PF 1.0e—04 35 100 49 184 YES
MC/AF 1.0e—04 35 100 49 184 YES
LC/AF 1.0e—04 35 100 49 184 YES

2Using the same notation as in Komunjer and Ng (2011), the required rank for identification is rank(A%) =
rank (A} + A% 4 Aj;) =ng + n§( + ni, where ng is the number of estimated parameters, ny is the number of
minimal state variables, and n, is the number of exogenous shocks.
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prior mean  — — posterior mean

*  priors ©  posteriors

FiGcure I.1. Prior and posterior distributions of parameters. The panels depict 500 draws from
prior and posterior distributions from the estimates of our targeting rule model. The draws are
plotted for pairs of estimated parameters and the intersections of lines signify prior (solid) and
posterior (dashed) means, respectively.
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x  priors ©  posteriors

priormean  — — posterior mean

FiGure I.1. Prior and posterior distributions of parameters (continued). The panels depict 500
draws from prior and posterior distributions from the estimates of our targeting rule model. The
draws are plotted for pairs of estimated parameters and the intersections of lines signify prior
(solid) and posterior (dashed) means, respectively.
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APPENDIX J: ALTERNATIVE SOCIAL PLANNER'S ALLOCATION

In this section, we outline the social planner’s allocation associated with our estimated
model. Normally, such an allocation would be obtained by maximizing utility subject
to resource and technology constraints as in Appendix B above. However, in order to
generate insight into our policy maker’s decisions we need to consider the estimated
objective function. Therefore, we maximize the following objective function:

oo 2
L=EOZBt{w1(J?;‘+EI)2+wz(?;‘ - ga) }

t=0

subject to the definition of habits adjusted consumption,
T* —1( = | sk |
Xi=(1-60""\y _qgt_gytfl—i—qut—l )

where the star superscripts denote the fact that we are considering the social planner’s
allocation. The first-order condition this implies is given by

gm) +Et>(1 —0)7!

1 .
w1<(1 — 9)_1<3’7k - qgt -0y, 1+ 0

O~
+ w2 (5;:* - —ft)
2

1 ~
= OBU.)I((I — 6)_1<E13';;k+1 — ?gpggt — 937;( + 9

l1—g

. ig?g“t) + p%)(l SO
This describes the desired path for output that would be chosen by the social planner
conditional on the exogenous path for government spending. This can be used to con-
struct a welfare relevant output gap y; — y;', which captures the extent to which the policy
maker is unable to achieve this desired level of output due to nominal inertia, the habits
externality, fiscal constraints, and time-consistency problems. Effectively, it reflects the
welfare trade-offs between inflation and the real economy implied by the estimated ob-
jective function, but reduces those to a single measure.

In order to identify why the estimations adopts particular regimes at particular
points of time, it is also helpful to get a measure of various fiscal gaps, specifically the
tax and debt gaps. The tax gap is the difference between 7, and the tax rate that the so-
cial planner would choose to eliminate cost-push shocks, 7; = —(1 — 7)1, so that we
have a tax gap, 7, — 7;.
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