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Abstract

The adoption of a “makeup” strategy is one of the proposals in the ongoing review of the
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under price level targeting. Under price level targeting and a fiscally-led regime, we find that
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1 Introduction

After more than a decade from the outburst of the Great Recession that made the policy rate hit the
lower limit of zero, the outbreak of the Covid-19 pandemic has revitalized the never faded debate
on how to avoid the zero lower bound (ZLB). Central bankers are worried that the low level of the
equilibrium real interest rates could make the ZLB a binding constraint, making it harder in the
future to react to a deflationary shock.'

One of the most discussed suggestions, especially in the U.S., has been the adoption of a (tem-
porary) price level targeting (PLT) (Bernanke, 2017, 2019).? According to this proposal, whenever
the economy is in the proximity of the ZLB, the central bank should commit to a lower-for-longer
rate to fully offset any shortfalls of inflation from target. At the Jackson Hole 2020 symposium, Jay
Powell announced a change in the Fed’s monetary procedure towards an average inflation target,
which is a kind of PLT with a finite time window for measuring inflation.> Therefore, there will
be periods when inflation will overshoot the stated inflation target to make up for its previous
undershooting.

In addition to the adoption of new monetary procedures, even before the outbreak of the coron-
avirus, many observers suggested to use fiscal measures to stimulate aggregate demand in presence
of adverse shocks. Evans et al. (2008) claimed that aggressive monetary policy could not be suf-
ficient to avoid deflationary spirals whereas it should be combined with aggressive fiscal policy.
Draghi (2019) invoked a more active role for fiscal policy since he imputed the slide into disinflation
to an unbalanced macroeconomic policy mix (in favor of monetary policy). Lagarde (2019) called
for euro area fiscal support claiming that monetary policy could not be the only game in town.
To mitigate the negative effects of the pandemic, in most countries governments actually adopted
unprecedented fiscal stimulus.

Especially in difficult times, then, monetary and fiscal policy interactions becomes crucial.
Bernanke (2017), talking about PLT, states that central bank independence should be protected
without “ruling out temporary periods of monetary-fiscal coordination that may be essential for
achieving key policy goals.” When interest rates (are about to) hit zero and the price level is

falling, monetary policy can completely lose control on inflation and, according to Sims (2000), an

'Note that the neutral rate might further decline due to the long-lasting effects of the pandemic, see Jorda et al.
(2020).

2See on this point even Williams (2017), Evans (2012) and Yellen (2018). Note that another often cited option to
avoid the ZLB is increasing the inflation target. However, Andrade et al. (2019) find that the case for increasing the
inflation target is much reduced when the central bank adopts a price level targeting approach.

3PLT was adopted in the 1930s by the Sweden’s Riksbank that, in the more recent past, has re-pondered that
option, as the Bank of Canada did.



active fiscal policy could be beneficial.* According to Sims (2000), two dynamics are at work during
a deflation episode: an accelerationist dynamic that makes prices decrease further, and real balance
effects that instead increase prices. “For real balance effects to rule out or prevent deflationary spi-
rals, fiscal policy must be seen not to be committed to keeping the real value of primary surpluses
in line with the current outstanding real value of government debt so that this will not be backed
by increased future real taxation. Policy-makers should understand that under some circumstances
budget balancing can become bad policy.”

The implications of adopting a PLT for different monetary and fiscal policy regimes are, however,
not studied so far in the literature. On the one hand, several studies have discussed the potential
advantages of price-level stabilization over inflation stabilization in terms of improved welfare, lower
inflation variability and a more favorable inflation-output gap trade-off (see, among the others,
Giannoni, 2014; Svensson, 1999; Vestin, 2006). Other studies theoretically justify a PLT approach to
address the zero lower bound problem and to escape deflationary traps (see Evans, 2012; Eggertsson
and Woodford, 2003; Billi, 2008). All these studies, however, either abstract from fiscal policy or
consider a passive fiscal policy (or a monetary-led regime). On the other hand, a large literature
analyses the effects of different monetary-fiscal mixes (both monetary-and fiscally-led regimes) to
counteract recessions and deflationary traps in an inflation targeting (IT) context (see, among the
others, Davig and Leeper, 2011; Bianchi and Melosi, 2017; Ascari et al., 2020). There is no such an
analysis, however, under PLT. We aim to fill this gap.

To our knowledge, this paper is the first attempt to merge the literature on monetary-fiscal
interactions with the PLT proposal, while previous papers on PLT consider only a monetary-led
regime framework. We investigate the dynamics of the model under PLT and a fiscally-led regime
(i.e., active fiscal policy) and how the adoption of a PLT rule modifies Leeper’s analysis of equilib-
rium uniqueness under rational expectations. In this respect, our paper could be considered as the
counterpart under PLT of the analysis in Bhattarai et al. (2014) under IT.

Our main result is that under price level targeting and a fiscally-led regime, the central bank
increases (rather than decreases) the policy rate after a negative demand shock. This leads the
economy out of the deflationary trap and allows the central bank to avoid the zero lower bound.
This result resonates with the neo-Fisherian recipe to increase the interest rates in order to increase
inflation, as argued by e.g., Uribe (2018). However, here the logic is very different from the neo-

Fisherian perspective. First, the nominal interest rate increases under PLT and active fiscal policy

4 According to Leeper (1991)’s taxonomy, a policy authority is active when it pursues its objective unconstrained
by the actions of the other authority; otherwise it is passive. Two regimes return determinacy: the monetary-led
regime (active monetary/passive fiscal) and the fiscally-led regime (passive monetary/active fiscal).



because determinacy implies that the price level coefficient in the interest rate rule should be lower
than zero. Hence, the nominal interest rate increases if the price gap is negative. Second, after
a demand shock, this “inverse” reaction of the policy rate to inflation amplifies the wealth effects
due to the fiscal theory of the price level. Despite there is nothing normative in our PLT rule, we
show that PLT is generally welfare improving if compared to I'T after a demand shock, under both
a monetary and a fiscally-led regime.

The paper is organized as follows. Section 2 introduces two of the main proposals—namely price
level targeting and active fiscal policies—put forth to adjust the actual policy framework to face the
current and future recessions. Section 3 shows how Leeper’s (1991) results change when the central
bank adopts a PLT rule. Section 4 extends the determinacy analysis to a simple DSGE model
and shows the effects of structural shocks both in the monetary- and in the fiscally-led regimes,
comparing the impulse response functions under a PLT rule to those under a IT rule. This section
includes a welfare analysis of the two approaches in case of a demand shock and it is closed with a
description of the effects of that shock when the ZLB is a potentially binding constraint. Section 5

concludes.

2 Price level targeting and active fiscal policies

Before the coronavirus crisis, the Federal Reserve was discussing how to review its inflation-targeting
framework. The reasons for this choice were low inflation, that had run below the 2% inflation
target for much of the 2009-2020 expansion, falling inflation expectations and low interest rates
that increased the risk of falling back into a ZLB episode, which readily occurred when the U.S. was
hit by the Covid-19 shock. This last shock has speeded up the Fed’s framework review leading the
U.S. central bank to adopt, since August 2020, an average inflation target. A central bank under
IT aims to reach 2% inflation every period and commits to correct the inflation deviations from
the intended target. Under a makeup strategy, like PLT or average inflation targeting, instead,
the central bank should reverse previous shocks to the price level, abandoning the “bygones are
bygones” approach. In particular, under PLT, the monetary authority defines a target path for the
price level (p;, in logs) and tries to correct deviations of the price level (p;) from this path. The

corresponding log-linear monetary policy rule has the form:

re = ¢p(pe — py) + 64, (1)



where 7, is the nominal interest rate (in deviations from the steady state) and 6; is a monetary
policy shock. Using the fact that pj = p;_; + 7", where 7* is the inflation target, one gets the
following Wicksellian rule:

re=¢p (M — ) + 121 + Ay (2)

We will employ this rule throughout the paper when referring to PLT.

The main traditional argument in favour of PLT is the long-run predictability of the price level,
while the major disadvantage is the increase in the short-run variability of both inflation and output
(e.g., Lebow et al., 1992; Haldane and Salmon, 1995). If the PLT is credible, the history-dependence
introduced by this approach could achieve better economic outcomes thanks to the management
of market expectations. After a deflationary shock, the central bank adopting a PLT approach
commits to keep rates lower for longer to tackle deflationary expectations. This increases inflation
expectations that, in turn, reduce real rates and scale down the risk of hitting the ZLB.?

The current situation, with low inflation (e.g., Blanchard, 2020), huge fiscal stimulus and central
banks that accommodate increased fiscal spending, could be akin to a period of fiscal dominance.
What would happen if, in the presence of an active fiscal policy, the proposal of a PLT approach
would be put forth? At the moment there is not a framework that links PLT and fiscally-led
regimes.® In the next section we introduce PLT in Leeper (1991)’s pivotal model of monetary-fiscal

interactions.

3 Leeper’s (1991) with PLT

Leeper (1991) employs a flexible-price model to analyse the determinacy and the properties of
equilibria produced by monetary and fiscal policy rules according to whether policy authorities
behave actively or passively. We extend his model to consider a monetary rule that responds to the
price level, rather than to inflation. The main reason to consider this simple Leeper’s (1991) setup
is that PLT introduces an extra endogenous state variable so getting analytical results becomes
impossible for a sticky price model. Already in this simple setup, under PLT and active fiscal
policy, there are two endogenous state variable to consider (public debt and the nominal interest

rate). Despite that, we were able to get the analytical solution of the model to gain some insights

5Throughout the paper, we assume central bank credibility and we do not cope with the time inconsistency
problems that could well undermine it.

5The only exception is the so-called “going direct” approach (see Bartsch et al., 2019) that advocates a more
explicit coordination between monetary and fiscal policy to be undertaken just in some defined circumstances, with
an explicit exit strategy and with an explicit inflation objective for which both monetary and fiscal authorities are
held accountable. The inflation target should be met through a monetary financing of a fiscal expansion (a fiscally-led
regime) and the central bank should make up for past inflation shortfalls (a make-up strategy in line with PLT).



that carry over to the sticky price model.

Beside the monetary policy rule, the original model by Leeper (1991) is composed of the following

linearized equations:”

Ry = - Eymyq, (3)
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Equation (3) is a Fisher equation, relating the gross nominal interest rate to inflation, keeping the
real rate fixed at its steady state value 3~!. Equations (4) and (5) are a money demand relation and
the government budget constraint expressed in real terms, where m; are real money balances, by is
the real level of debt, 7; are real lump-sum taxes net of transfers, and ¢ represents real consumption
expenditure. Finally, equation (6) is a fiscal policy rule: the government adjusts lump-sum taxes in
response to lagged debt according to the parameter v and to a fiscal policy shock, 1.

We generalize Leeper’s monetary policy rule with

. + b . .

Ry = wﬂt* 5 —ftp—1 + 0R—1 + 0 — 6011, (7)
where 6; is a monetary policy shock. Such a rule returns the traditional IT case, i.e. Rt = ¢z 7+ 04,
when 6 = 0 and ¢, = 0. It reduces to the case of strict PLT (or superinertial) rule when § = 1 and
¢r = 0, that is

R, = %ﬁt + R + NGy, (8)

which corresponds to equation (2) in the previous section. Note that both 1 and 6; follow a
stationary AR(1) with autoregressive parameter equal to p, and py, respectively.
Substituting the fiscal rule, the PLT rule, and the money demand equation into the government

budget constraint we obtain an expression for real debt:
(1 . .
17t + by — 5 bi—1 + p2Ri—1 + w30, + ¢y = 0, 9)

where the coefficients ¢1, 2 and @3 are reported in Table 1.

"See Appendix A.1 for all the derivations. Following Leeper (1991), the model is linearized rather than log-
linearized. Hence, in this section hatted variables indicate deviations rather that log-deviations from the steady state,
while variables without subscript indicate steady state values.



Therefore, to derive both the determinacy conditions and the solution of the rational expectation
equilibrium when the central bank adopts a PLT approach, we consider the system formed by

equations (3), (8) and (9).

3.1 Determinacy analysis

Under passive fiscal policy, i.e., when |3~ — 4| < 1, determinacy requires ¢p to be positive. This
parametric region defines the AM/PF regime, so active monetary policy corresponds to ¢, > 0.
Conversely, under active fiscal policy, i.e., when |3~! — 4| > 1, determinacy is achieved if ¢p is
negative. This parametric region defines the PM/AF regime, so passive monetary policy corresponds
to ¢, < 0.

Similarly to the analysis of Leeper (1991) under IT, when both authorities behave passively the
system returns indeterminacy, while in case of jointly active fiscal and monetary policies the system
has no stable solutions. Note that, differently from the standard IT case, under PLT monetary
policy is active when the inflation coefficient in the monetary rule (8) is positive and it is passive
when that coefficient is negative. We defer further comments on this to the following section where

we analyse a sticky price model.

3.2 Model solution

We use the method by Bhattarai et al. (2014) to find the rational expectation solution for inflation
under PLT (see Appendix A.2). Table 1 compares the solutions under PLT and IT in the two
determinate regimes.

As under IT, the solution for inflation under PLT depends just on monetary shocks in an AM/PF
regime, while it depends also on government debt and fiscal shocks in a PM/AF regime. Differently
from the IT case, however, a super-inertial interest rate rule implies that the nominal interest rate
is an endogenous state variable. Therefore, inflation depends on the lagged interest rate (Rt_l)
under both regimes. In the AM/PF regime we have that ¢, > 0, so the coefficient relating past
interest rate to current inflation (_qslp) is negative. The intuition goes as follows. Imagine that
;1 increases, so that the central bank increases the interest rate Rt_l. However, given that PLT
introduces history dependence in monetary policy, the policymaker should compensate the positive
shock to inflation occurred in the past by reducing current inflation (bygones are not bygones). As
a consequence, 7; will be negatively affected by a surge in Ri_1. In the PM/AF regime, inflation

also depends on lagged debt (positively, as it can be shown) while the coefficient on past interest

rate is more involved. Its sign will depend on the chosen calibration.



Table 1. Rational expectation solutions for inflation
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4 A simple New-Keynesian model with PLT

We now depart from Leeper’s (1991) flexible price model and illustrate the key properties of PLT
adapting a basic New-Keynesian model. We augment the model with a fiscal block and replace the
traditional IT rule with a that nests both IT and PLT. The resulting model is composed of four

equations:®

G = it — (Re = Eefregr) + (1= poers, (10)
7t = BEiie1 + K, (11)
IS 1 T N\ 2 N 1. 17

by = 3 (1 - 37) be—1+ Ry — 5 Bg%bt, (12)
Ry = (¢p + bn) Tt — Onitr—1 + 6 Ry + 0 — 60,1 (13)

The model contains three exogenous variables: the demand shock e, the monetary policy shock 6,
and the fiscal policy shock 1;.”

Section 4.1 contains the determinacy analysis of this simple NK model for which we provide
analytical results. However, it is not possible to solve the model analytically, so Section 4.2 present

the simulated impulse responses to a demand and a fiscal shock under both the monetary and the

8In this section, hatted variables indicate log-deviations from the steady state. See Ascari et al. (2020) for the
linearization of the government budget constraint.

9¢; represents the innovation to a preference shock on the intertemporal discount rate, modelled as in Liu et al.
(2009). The preference shock, the monetary policy shock and the fiscal policy shock evolve according to stationary
AR(1) processes.



fiscally-led regime. Section 4.3 compares the welfare losses under IT and PLT rules after a demand
shock, while Section 4.4 includes impulse response following the same demand shock in the presence

of a zero lower bound.

4.1 Determinacy analysis

The determinacy properties of this simple DSGE model trace the findings obtained previously in

the flexible price model.
Proposition 1. Determinacy requires either:
o an AM/PF miz such that v < 2(1+ B) and ¢, > 0,
e or a PM/AF miz such that v > 2(1+ $3) and ¢, < 0.
Proof. See Appendix A.4. O

Giannoni (2014) undertakes the same analysis considering just the case of a passive fiscal pol-
icy. We confirm his finding that under PLT the determinacy condition for monetary policy is less
restrictive than the Taylor principle. Interest rate reaction to an increase in inflation should be
positive but, in case of price-level stabilization, it could even be lower than one.

The new result here pertains to the active fiscal policy case. There is determinacy whenever
the nominal interest rate moves in opposite direction with respect to inflation (¢, < 0): if inflation
decreases, the central bank must increase the nominal interest rate so that the real interest rate
increases unambiguously.

Uribe (2018) suggests, to exit a liquidity trap, to permanently raise nominal interest rates
as this would increase inflation, according to the so-called neo-Fisherian effect. Interestingly, in
case of adoption of a PLT combined with a PM/AF regime, the same would happen: whenever
inflation decreases the central bank must increase the interest rate. As explained below, however,
the economic mechanism is very different here and it is due to the wealth effect induced by the fiscal

theory of the price level.

4.2 Impulse responses

We now want to study the dynamics of economic variables when hit by a demand shock and by a
fiscal shock. We analyse both the monetary-led regime (with v = 0.2) and the fiscally-led one (with
v = 0) and we compare impulse response functions under IT (when ¢ = 0 and ¢, = 0 in (13) to

those under PLT (when 6 = 1, ¢ = 0). Results in the literature for the PLT case are limited to



the study of the monetary-led regime, while here we enrich the explanation of the dynamics in the

fiscally-led regime.

4.2.1 Negative Demand shock

Consider a negative demand shock, as shown in Figure 1.
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Figure 1: Impulse response function to a negative demand shock.

Notes: Solid blue lines: inflation targeting; dashed red lines: price level targeting. Parametrization of
the AM/PF mix: ¢ = ¢p = 1.2, v = 0.2. Parametrization of the PM/AF mix: ¢. = 0.9, ¢, = —0.1,
v =0.

AM/PF. Figure la exhibits the well-known results under a AM/PF regime. A negative demand
shock reduces inflation, output and the nominal interest rate, and by a greater extent under IT.

Therefore, in an AM/PF regime, there are advantages from the adoption of a PLT approach.



PM/AF. Figure 1b shows that a negative demand shock decreases inflation less under PLT.
Output decreases more on impact, but it exhibits a less persistent dynamics, returning to equilibrium
after 5 periods. To have an intuition of what is going on, consider the government debt valuation

equation:

B;_ S
t—1 t+3
P, ;0 L (14)

where B;_; is nominal debt (predetermined), P; is the price level, s is government surplus and r is the
real interest rate (from the Fisher equation: r, = Ry — Eymy41). The real value of government debt
(LHS) must be backed by the present value of future primary surpluses (RHS). Active fiscal policy
implies that unbacked fiscal expansions - an increase in government expenditures not combined to a
tax rise to cover the deficit - induce wealth effects: agents will substitute out of debt holdings and this
would raise consumption demand and increase current prices to a level that restores balance between
the LHS and the RHS. Under IT, output decreases and so does inflation creating a negative inflation
tax on government’s nominal liabilities which increases real government debt (LHS increases). Since
fiscal policy does not adjust taxes or public expenditures, the LHS is larger than the RHS so wealth
effects kick in and these make inflation increase (inflation reversal) and output too. The inflation
increase helps to keep the government budget constrain satisfied.

Output and inflation decrease under PLT too. However, as a response to the inflation reduction,
the central bank increases the nominal interest rate, R, under PLT and this, in turn, raises the real
interest rate, r. This has two consequences. First, there is a much larger reduction in output on
impact. Second, a rise in 7 enlarges the difference between the LHS (which increases on impact)
and the RHS of (14), because r is at the denominator on the RHS. Hence, wealth effects are now
larger, inducing a much quicker rebound of both inflation and output.

After a decrease in inflation the central bank raises the interest rate and this, in turn, creates
wealth effects that spur inflation. As previously stressed, here the recipe to go out from a deflationary
trap is similar to the one proposed exploiting the neo-Fisherian effect: increase interest rates to
increase inflation. However, here the logic is very different from the neo-Fisherian perspective, and
it is based on the wealth effects due to the fiscal theory of the price level.

Furthermore, note that, contrary to what happens under IT, if the central bank is adopting a
PLT approach, such a shock does not make the nominal interest rate decrease. In this case, PLT

also serves the purpose of preventing the economy from hitting the zero lower bound.

4.2.2 Fiscal shock

Figure 2 shows the effects of an expansionary fiscal shock brought about by a tax reduction.

10
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Figure 2: Impulse response function to an expansionary fiscal shock.

Notes: Solid blue lines: inflation targeting; dashed red lines: price level targeting. Parametrization of
the AM/PF mix: ¢ = ¢p = 1.2, v = 0.2. Parametrization of the PM/AF mix: ¢, = 0.9, ¢, = —0.1,
v =0.

AM/PF. Because of Ricardian equivalence, a fiscal policy shock with lump-sum taxes in the
AM/PF regime turns out to be ineffective on inflation, output and nominal interest rates (see Figure
2a). If the government decreases taxes, rational agents anticipate a future fiscal adjustment and
so they save today to pay for higher taxes tomorrow: there are no wealth effects and economic
variables do not move. This is true both under IT and under PLT.

PM/AF. Figure 2b shows the dynamics after an expansionary fiscal shock in a PM/AF regime
under both IT and PLT. Under IT, a tax reduction decreases the present discounted value of

surpluses (RHS of (14)). The government debt owned by households exceeds the present discounted

11



value of surpluses (LHS > RHS), and this represents a positive wealth effect. Agents anticipate that
surpluses will not be covered by future fiscal adjustments and thus they convert bonds into current
consumption goods, spending increases and inflation surges. This inflation increase is accommodated
by the central bank that raises R but less than one-for-one with the increase in inflation. This
stimulates output and makes the debt over GDP ratio decrease.

Under PLT dynamics are different. As before, a tax reduction decreases the present discounted
value of surpluses and the government debt owned by households exceeds the present discounted
value of surpluses (LHS > RHS) engineering a positive wealth effect: spending increases and inflation
too. However, now, following the increase in the price level, the central bank decreases R. Thus, the
real interest rate r goes down by a greater extent than under I'T. Since r appears at the denominator
on the RHS of (14), the more it decreases, the more it offsets the reduction in the fiscal surplus;
therefore, the less the LHS will be higher than the RHS, and the lower the wealth effect will be, the
lower the increase in inflation and in the debt/GDP ratio. Furthermore, the largest decrease in r

stimulates output.

4.3 Welfare analysis

Following Gorodnichenko and Shapiro (2007), we undertake a welfare analysis to evaluate the per-
formance of IT and PLT rules following a demand shock. In order to do so we employ the following

loss function:

L= Bwan} + wer} + wr(Ry — R})) = wal + woly +wrLE, (15)
t=0

where w;, w, and wg are the weights on inflation, the output gap and the deviation of the interest
rate from its target path. As Gorodnichenko and Shapiro (2007), we bias the findings against PLT
by not including a possible term on the price-level gap and by associating a relatively large weight
to the output gap (w, = 1), since PLT usually increases output volatility with respect to IT.
Figure 3 shows how the loss function varies as the inflation (or price level) coefficient in the
monetary rule changes in the AM/PF and PM/AF regimes. The monetary policy coefficient goes
from passive to active under IT (panel 3a, cut-off value ¢, = 1) and under PLT (panel 3b, cut-off
value ¢, = 0). The fiscal coefficient (y) is put equal to 0 (active fiscal policy) when monetary policy
is passive, and to 0.2 (passive fiscal policy) when monetary policy is active. The yellow and red
lines in the figure describe the loss function when the weights w, and w, are each, respectively, set

equal to one (while the others are set to zero) and the total loss (in blue) when w; = w; = wp =1

12
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Figure 3: Loss function after a negative demand shock.
Notes: Shaded background: PM/AF mix; white background: AM/PF mix. Blue lines: total loss; red

lines: output component; yellow lines: inflation component.

In the AM/PF case (white background), we find the well-known result, e.g., Schmitt-Grohe and
Uribe (2007), that monetary policy can completely stabilize the output gap and inflation facing
a demand shock by making the inflation coefficient (or the price level one) tend to infinity. This
would be the overall preferred policy combination after a demand shock. Note that both the output
gap and the inflation gap components decreases with ¢,.

Here, we are more interested int he shaded area, that is, the PM/AF regime. In the IT case,
the overall loss function (blue line) increases as it approaches the cut-off value of 1, so a very
passive monetary policy would be preferred. As monetary policy becomes more active, the output
gap volatility (red line) decreases, while the inflation gap one (yellow line) increases sharply. The

latter effect dominates in determining the overall loss. The opposite happens in the PLT case. The

OFor the sake of clarity, in the figure we omit the loss function when wr = 1 and the others are set to zero but,
for completeness, we report the total loss function when even this interest rate component is included.
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overall loss is decreasing in ¢,, so that a less passive policy is preferred. While, as for the IT case,
as monetary policy becomes more active, the output gap volatility decreases and the inflation gap
one increases, under PLT it is the former effect to dominate in determining the overall loss.

As expected, PLT determines a larger output gap volatility and a smaller inflation gap volatility
than IT. However, the overall welfare loss function is much smaller under PLT, so that, conditional

on a demand shock, PLT generally outperforms IT.

4.4 The case of a zero lower bound

Following Eggertsson and Woodford (2003), we now assume a demand shock that hits the economy
depressing output and inflation and we introduce a ZLB that prevents the central bank to provide
the appropriate stimulus to offset the recession. Also in this case we consider both the IT and the
PLT approaches under a monetary-led and a fiscal-led regime. Under an AM/PF regime, Figure
4a shows that inflation and output decrease by a greater extent under IT, while they hardly move
under PLT. Under IT the nominal interest rate hits the zero lower bound after two periods, while
it remains unconstrained under PLT. Even the path of debt is more favorable under PLT. Similar
comments apply to the case of a PM/AF regime; however, in this case, inflation and output decrease
under PLT too (though much less than in the IT case, see Figure 4b). Therefore, even under the
threat of reaching the zero bound, following a demand shock, PLT outperforms IT, in terms of
inflation, output and debt, both under a monetary- and a fiscally-led regime, and it always avoids

a liquidity trap.

5 Conclusions

A negative demand shock has less severe consequences on the economy if the central bank is adopting
PLT: inflation, output and the nominal interest rate decrease less than under I'T. While a ZLB would
be binding under IT, PLT allows the central bank to avoid it. We show that these results, well-
known under the traditional monetary-led regime, hold under the less-studied fiscally-led regime
too. This last case is of interest since it combines both the recent adoption of a makeup strategy
and a more active fiscal policy needed to face deflationary risks.

Moreover, in a fiscally-led regime with PLT monetary policy increases the nominal interest rate
following a deflationary demand shock and, by doing so, it avoids a prolonged period of low output
and inflation. The nominal interest rate increases because, if fiscal policy is active, determinacy
requires monetary policy to be passive. However, under PLT Leeper’s condition is more restrictive:

the inflation coefficient in the interest rate rule should be lower than zero, rather than one. Hence,
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Figure 4: Impulse response function to a negative demand shock.

Notes: Solid blue lines: inflation targeting; Dashed red lines: price level targeting. Parametrization of
the AM/PF mix: ¢r = ¢p = 1.2, v = 0.2. Parametrization of the PM/AF mix: ¢, = 0.9, ¢, = —0.1,
v =0.

the nominal interest rate increases if the price gap is negative. Whenever there is a demand shock,
this “inverse” reaction of the policy rate to inflation exacerbates wealth effects; while, if a shock

hits the government surplus (see the tax shock above), it dampens them. Analysing the social loss

function, we find that PLT generally dominates I'T even from a social welfare point of view.

Bernanke (2017) proposal of a temporary price-level targeting entails a switch from IT to PLT

whenever the economy is about to approach the ZLB. According to this (preliminary) analysis,

adopting a PLT approach could be beneficial, whatever the monetary/fiscal policy mix. Future
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work should address this topic employing a Markov-switching approach that analyses both the
switch from IT to PLT and that from a monetary- to a fiscally-led regime. The Markov switching
framework would, among the other things, stress the role of the expectation effects and, since
expectations on future policy moves affect the present value of primary surplus, this would shade

more light on wealth effects too.
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A Analytical results for Leeper’s (1991) model

A.1 Linearization of the model

The original model by Leeper (1991) is formed by the following equations: a Fisher equation,

1
R, = BEtﬂ't—Ha (A1)

where m, = P,/P,_1 and Ry is the gross nominal interest rate; a money demand relation,

Ry
= A2
my CRt 1’ ( )
where m; are real money balances; a government budget constraint,
My— by
bt+mt+rt:g+ =1 +Rt_1t71, (A3)
Tt Tt

where b; is the level of real government debt, consisting in one-period bonds, ¢ are real lump-sum
taxes net of transfers, while ¢ and ¢ are real consumption and government expenditures, which are
assumed to be constant. The model is closed by two feedback rules: one for fiscal policy and one

for monetary policy. Lump-sum taxes react to lagged debt

Tt = Yo + vbi—1 + Yy, (A4)

where 9y is a fiscal policy shock. With respect to Leeper (1991), we generalize the monetary policy

rule letting the central bank react both to the deviations of the price level and of the inflation rate
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from their targets

Ri = ¢o + ¢pPr + buity + 04, (A5)

where P, = P, /Py and 71, = m/m*. Note that the steady state level of inflation is equal to the
inflation target, so we can substitute 7* = . Following Gorodnichenko and Shapiro (2007), we

define the law of motion of the target price level as

* * Pt—l =0
Pl =P, <P*> (e
t—1

Using the identity P, = mP,—1, we obtain that the price level gap evolves as
pt — Pt{lfrt. (A6)

To get a linearized version of the model, let’s first consider the monetary policy rule. From (A5)
we obtain

R = ¢ppt + %ﬁ't + 04, (AT)

where hatted variables are defined R; = R; — R and the likes, while from (A6) we get
B =6P_ + % (A8)

After quasi-differencing equation (A7) and using (A8) to substitute the price deviations, we obtain
the expression

. +¢r.  Obx . ;
R, = %7& — %7&—1 +0Rt—1 + 0y — 661, (A9)

which corresponds to equation (7) in the text. Note that for § = 0 and ¢, = 0 we are back to the
usual case of IT, while for § = 1 and ¢, = 0 we obtain the strict PLT rule.
The other equations of the model, that is, equations (A1)-(A4), can be linearized to obtain

equations (3)-(6) in the text, which we report here for convenience:

. 1.
R, = BEtﬂ'tJrlv
Is ~
iy = —— Ry,
t (R—1)2 t
Fr= b1 + Uy,

- . . m+bR 1. R R
bt +my + T + 7271',5 = —My_1 + *Rt—l + *bt—l-
s 7T m 7T
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We can substitute the linearized money demand relation, the fiscal rule and the monetary policy

rule (A9) inside the government budget constraint to obtain

m + bR c ¢p+¢>ﬂ>A - cd  O¢r - <1 )A
- I+ +——I 1 — (5 —7 ) bi-
( 2 (R—1)2 II t T Ot (R—1)2H t—1 3 V) Ot—1
1 c 1 cd . c
+|lz=————=b——5 | R+ — —— (6 — §6,—1) = 0.
<H(R—1)2 0 (R—1)2> t—1+ Pt (R—1)2(t 1)

If we now impose the parametrization for the PLT rule (¢, =0 and § = 1) we get

L 1 - -
©17s + by — (ﬁ - ’Y> bi—1 + a2 Ri—1 + p3Ab; + 1y =0,

which corresponds to equation (9) in the text. Instead, if we use the parametrization for the IT

rule (¢, =0 and § = 0) we obtain

A 1 5 LA -

P17t + by — <5 - ’Y) by—1 + PaRy 1 + P30y + 1y = 0.
Parameters ¢1, @2, ©3, @1, P2, and @3 are all reported in Table 1 in the text.

A.2 Determinacy analysis under PLT

We study the determinacy properties of the system formed by equations (3), (8) and (9) in the text,
which we report again for convenience:
R = 1B
t = LT+,
p

Pp

™

R 7t + Ri1 + A8y,

. A 1 N A
0 =17 + by — <ﬁ - 7) bi—1 4+ paRi—1 + @360, + 1x.

In matrix form this system becomes

—% 1 0| | Eiftegq 0 0 0 iy 0 0
) . AG,

0 1o|| R |=|%2 1 0 | |Rea|+| 1 o0
1 A o

0 01 bt —p1 —p2 57| | b1 —p3 —1
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The matrix on the left hand side can be inverted to obtain

Edua| |2 3 0 i goolr,
- A t
R | =2 1 0 Rl +] 1 o0 )
~ N t
bt —p1 —p2 % =] | b—1 —p3 —1

or

Ei X1 = AX; + Be

(A10)

To satisfy the Blanchard-Kahn conditions for determinacy, the matrix A must have two eigenvalues

inside and one outside the unit circle. The eigenvalues of A are 0, % —~and 1+ @ Therefore,

if % — ~v is inside the unit circle, that is if we have a passive fiscal policy, the other two eigenvalues

should be one inside and the other outside. This happens when ¢, > 0, which denotes an active

monetary policy. If % — v is outside the unit circle, that is if we have an active fiscal policy, the

other two eigenvalues should be both inside. This happens when ¢, < 0, that denotes a passive

monetary policy. Therefore, summarizing, determinacy requires either:
e ¢, >0 and ‘% —'y‘ < 1, the AM/PF case, or

e ¢, <0 and ‘% — fy‘ > 1, the PM/AF case.

A.3 Rational expectations solutions under PLT

We now solve our model to find the solution for inflation both in the monetary-led (AM/PF) regime

and in the fiscally-led (PM/AF) regime. To find the solutions, we follow the procedure of Bhattarai

et al. (2014), which is based on the spectral decomposition of matrix A = VDV =1, where D and V

are the matrices with the eigenvalues and the eigenvectors of A. In particular, we obtain

0 0 0 es 0 O
D=0 1+2%2 0 |=|0 e 0
0 0 5= 0 0 e
[ 1 -2 __B o1~ L 0_
Bop  1_5 Bop I
1: = P I+ K Qi1 q12
v-l— T Boites 1 Bo1+es ol _
14522 114y 20 14522 114y 20 Q21 22
1_._ ¢p 1_._ B¢
1 (ﬁ Y 1)¢1+,r<p2 1 E@1+(ﬁ s )GOQ 1 31 q32
14 1—-14 +% iy 1—-L4 +%
L 8 B 2l T B B v T a
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By multiplying both sides of (A10) by V!, we can diagonalize the system as

EXei1 = DX, + % (A11)
where we defined
1t Tt gt + qr2 R
11| - R ~
Xi= |z | =V Ry 1| = Q17 + qoo 1
3, b1 @317t 4+ g2 Re—1 + bey
and
21t Bqi1 + qi12 0 0
» A6,
Zy = |z94| =V "Be = Bq21 + qo2 0 ” = €2q22A0;
t
23 1 Bas1 +qz2 — 3 —1 (Bgz1 + q32 — 3) A0 — 1y

Note that in the last equality we used the fact that Bga1 + goo = eaqos.
To find the rational expectation solution, we solve forward the first difference equation associated
to the explosive eigenvalue. We distinguish two cases, corresponding to the AM/PF and the PM/AF

parametrizations.

AM/PF case

In the AM/PF regime, the eigenvalue ey is outside the unit circle. We thus use the second row of

(A11) to draw linear restrictions between model variables. Let’s rewrite the equation as

xor = —Eywa i1 — —224.
€2 €2
Substituting recursively the future values of xo, we obtain

1/ 1\" > /7 1\*
Tos = —— — | Eiz = — — | EyAO . Al12
2,t e l;) <62> t22 t+k q22 kZ:O <€2> tRVi+k ( )

The monetary policy shock 6; follows a stationary AR(1) process
0 = pebi—1 + vo s,

so we have that

EN0yr, = (pg — 1)ph 1 AG;,
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which we can plug into (A12) to get

[e.9) 1 k
Tt = —q22 (Agt + Z <e2> (po — 1)P§_IA9t+k> :
k=1

After some manipulations, we can obtain

. 22 2 [ e2—1
Tt = _LRt—l _ Iz < 0 — 9t—1> .
q21 q21

Finally, after substituting e = 1+ ’&% and noting that % = fp, we obtain the solution for inflation
in the AM/PF regime:

. T T
T = —th_l — %et + 7075_1.
bp 1+ =% —py bp

PM/AF case

In the PM/AF regime, the eigenvalue es is outside the unit circle and we need to solve forward the

third equation of system (A11). In this case we obtain

1 [e'e} 1 k 1 [e'e) 1 k 1 o0 1 k
- _ — ) E ——— —\| E S — - — E A0 .
T3 o E (63> 123 b4k e E <63> 1Vt tk o E <63> (B3t + qz2 — @3) B Al
k=0 k=0 k=0 (A13)

The fiscal policy shock 1) also follows an AR(1) process, so we have that

Eirk = pl 4.

Substituting this results in (A13) and following the same steps of the the AM/PF case, we arrive

to the relation

1 Bqz1 +q32 — @3 [ e3—1
€T3t = P — L4 O — 01 ).
€3 — Py €3 €3 — Py

Then, we use the definition x3; = g317; + Q32Rt_1 + l;t_l to rewrite the last equation as

R N 1. 1 + — e3 — 1
fo= 2R — b+ e — Bast + 52 = s ( 0, - 9t1) :
g31 g31 q31 (63 - Pw) gsieés €3 — Pg
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We can now define the coefficients

1
H=1—-—-+~v+ %,
15} T
1
K = 7—7—1¢rﬁ@w,
I5] T
1 Bo
J = Be1+ (ﬂ—'y Wp) 2,
so that q3; = é% and g3 = é% Using these relations, together with e3 = % — 7, the rational

expectation solution for inflation in the PM/AF regime can be rewritten as

1_ )& 1 _VHep, - L 1

) J 1 H. (5 7)1( (5 7)1{¢3 k=B (L-v-1

T =——Ri1— < B 7) Kot vt 1 - Oy =01 ) -
K 8 K 50 Py 77

A.4 A simple DSGE model with PLT
A.4.1 Determinacy analysis with PLT

The DSGE model in the text is given by equations (10)-(12)

Ut = Eyfig1 — (Rt — Etfft+1> + (1 = pe)et,
7t = BEy i1 + K,

Ri1 = dpfrpe1 Re + Abyia,
17

ﬁ bthrl’

. 1 T\ - A 1,
b1 = 3 (1 - EY) b + Riy1 — FleHL

which, disregarding expectations errors, can be written in matrix form as:

-1 -1 0 0 |%um -1 0 -1 0 Ut 1—p. 0 O
€t
0 =8 0 0| |7 k =1 0 0 Ty 0 0 O
. = T 011
0 —¢p 1 0| [Rip1 0 0 1 0 Ry 0 1 0
1 2 1 , . | [P
_0 B —1 1_ _bt+1_ i 0 0 0 B(l—z’y)_ _bt_ i 0 0 —Bg_
Inverting the matrix on the left hand side, we obtain
i1 51 —3 1 0 U 1—p- 0 0
&t
Tot1 —5 3 0 0 7ty 0 0 0
. = 1 | T Or11
Rii1 —%qbp B(;ﬁp 1 0 Ry 0 1 0
7 K 1 1 (1 7 17 wt+1
b | B —1) mBep—1) 1 —5(Gy-1 |b] | 0O 0 —3F]
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Yiy1 = AY; + Beppr

One of the four eigenvalues of the matrix A is —% (%*y — 1). To study determinacy we have to

analyse the other three eigenvalues of the top-left submatrix:

K 1
srl -h 1
A= | _=& 1
A 5 8 VY
— 5% %% 1

AM/PF case

If —% (%fy — 1) is inside the unit circle, that is, in case of passive fiscal policy (v, < 2(1 + 5)),

given the presence of two jump variables, to respect Blanchard-Khan conditions for determinacy, A
should have one eigenvalue inside and two outside of the unit circle. Woodford (2003, appendix C)

states these conditions in terms of the determinant, the trace and the sum of the principal minors

of A, whose values are the following:

det(A) =

)

g B
M(A):;(2+n+ﬁ+n¢p).

tr(A) =

N =

In order to have two eigenvalues outside and one inside, one of the following three cases must hold.

e Case 1: two restrictions should be satisfied simultaneously:

1 —tr(A) + M(A) — det(A) < 0

—1 —tr(A) — M(A) — det(A) >0

The first is verified for ¢, < 0, but the second is never verified, so this case does not hold.

e Case 2: in this case three conditions are required:

1 —tr(A) + M(A) — det(A) > 0
—1—tr(A) — M(A) —det(4) <0

det(A)? — det(A)tr(A) + M(A) —1> 0
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The first condition is satisfied for ¢, > 0, the second is always true while the third holds for

¢p > 5 — 1.

e Case 3: in this last case four conditions are required:

1 —tr(A) + M(A) — det(4) >0
—1—tr(A) — M(A) —det(A) <0
det(A)? — det(A)tr(A) + M(A) —1 <0

‘tr(fl)’ >3

The first is satisfied for ¢, > 0, the second and the fourth are always satisfied, the third holds

1
true for ¢, < 3= 1.

In conclusion, from cases 2 and 3 we get the sole condition is ¢, > 0. Therefore, when fiscal policy

is passive, determinacy can be achieved for ¢, > 0.

PM/AF case

If —% (%7 — 1) is outside the unit circle, that is in case of active fiscal policy (v > 2(1 + 3)), given
the presence of two jump variables, to respect Blanchard-Khan conditions for determinacy, A should
have two eigenvalues inside and one outside of the unit circle or, equivalently, we would ask for two

eigenvalues outside and one inside in the following:

A =k k4 B+rey —k

0 —¢p 1

For this matrix we have

det(A ™Y =5

tr(A™Y) = Kk + B+ Koy + 2

MA Y =28+1+k.

As before, we should consider the three cases above. We can exclude case 1 since the second
condition is never verified. From case 2 we find that the first condition gives ¢, < 0, the second is

always true and the third is verified for ¢, < % — 1 (that is a less stringent condition than ¢, < 0).
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The third case can be excluded because the third condition gives rise to a contradiction. Therefore,

when fiscal policy is active determinacy can be achieved for ¢, < 0.
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