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SM.1. Persistence in New Keynesian Models

In this section, I study the determinants of inflation persistence in a structural macro
framework. I show that the empirical findings documented in the previous section present
a puzzle in the NK model. I cover a wide range of NK frameworks and show that they
cannot explain the fall in inflation persistence in an empirically consistent manner.

SM.1.1. Structural Shocks

In the benchmark NK model, in which agents form RE using complete information, the
demand (output gap) and supply side (inflation) dynamics are modeled as two forward-
looking stochastic equations, commonly referred to as the Dynamic IS (DIS) and New
Keynesian Phillips (NKPC) curves.! Nominal interest rates are set by the CB following a
reaction function that takes the form of a standard Taylor rule. The CB reacts to excess
inflation and output gap and controls an exogenous component, v, which follows an
independent AR(1) process which innovations are treated as serially uncorrelated monetary
policy shocks.

Inserting the Taylor rule (9)-(10) into the DIS curve (8), one can write the model as a
system of two first-order stochastic difference equations that can be solved analytically. In
particular, inflation dynamics satisfy

(SM.1) T = PVt = P71 - 11’71055}}

where 1 is given by (14), and output gap dynamics are given by y, = - yv: = py,_1 -
Pyoee}, Py defined in Online Appendix SM.2. Notice that inflation is proportional to
the exogenous shock. As a result inflation will inherit its dynamic properties from the
exogenous driving force.? A final implication is that inflation is only extrinsically persistent:
its persistence is determined by the v; AR(1) process’ persistence.

IThe model derivation is relegated to Online Appendix OA 4.

20ne can also notice that the benchmark model predicts that output gap and inflation are equally persis-
tent, and their dynamics will only differ due to the differential monetary policy shock impact effect, captured
by 1 and 5. Another implication is that the Pearson correlation coefficient between the output gap and
inflation is equal to 1, an aspect rejected in the data.



In order to explain the fall in the persistence of inflation I discuss each causal ex-
planation separately. First, I explore whether there has been a change in the structural
shocks affecting the economy. I show that these exogenous forces’ dynamics have been
remarkably stable since the beginning of the sample. Second, I investigate if a change in
the monetary stance around 1985:Q1, for which Clarida et al. (2000); Lubik and Schorfheide
(2004) provide empirical evidence, could have affected inflation dynamics. I show that
the change in the monetary stance can explain the fall in volatility but has null or modest
effects on persistence. Finally, I explore if changes in intrinsic persistence, generated via
backward-looking assumptions on the firm side, have a sizeable effect on persistence. As
in the previous case, I show that these have only marginal effects.

I documented in Section 2.1. that inflation persistence and volatility fell in recent
decades. The NK model suggests that such a fall is inherited from a fall in the persistence
of the monetary policy shock process. I now seek to find evidence on the time-varying
properties of such persistence.

Persistence. The challenge that the econometrician faces is that she does not have an
empirical proxy for v;. The monetary policy shocks estimated by the literature are not
serially correlated, and are therefore a better picture of the monetary policy innovation,
s}’.3’4 However, one can use the model properties and rewrite the Taylor rule (9) using the
AR(1) properties of (10), as

(SM.2) it = pipy + (Grrie + Gy ) = p (Grrtpoy + Gy Yig) + Oeef

where the error term is the monetary policy shock.> Hence, an estimate of the first-
order autoregressive coefficient in (SM.2) identifies the persistence of the monetary policy
shock process.® I test for a potential structural break in the persistence of the nominal
interest rate process, described by (SM.2), around 1985:Q1. I use GMM and estimate i; =
o+ oG Logs ey + 0iie-1 + P o lp-1 1> + X + ug, where Xy is a set of control variables

3In fact, the process v; is a model device engineered to produce inertia yet still allows us to obtain a
tractable solution. If inertia is directly introduced in the nominal interest rate equation, I would not be able
to obtain a tractable solution (SM.1) since the system would also feature a backward-looking term whose
coefficients would depend on the roots of a quadratic polynomial.

“For example, Romer and Romer (2004) use the cumulative sum of their estimated monetary policy
shocks to derive the IRFs.

SUsing the lag operator, I can write the monetary policy shock process (10) as v = (1- pL)e}. Introducing
this last expression into (9), multiplying by (1 - pL) and rearranging terms, I obtain (SM.2).

50ur measure of the nominal rate will be the effective Fed Funds rate (EFFR), calculated as a volume-
weighted median of overnight federal funds transactions, and is available at a daily frequency. I use the
quarterly frequency series.



(1) (2)
Full Sample Structural Break

i 0.942%** 0.930%**
(0.0155) (0.0424)

i1 X Lypsp 0.0124
(0.0539)

Constant 0.117 0.236
(0.101) (0.415)

Constant i1 X Ty -0.122
(0.381)

Observations 202 202

HAC robust standard errors in parentheses
* p<0.10, ** p<0.05,*** p<0.01

TABLE SM.1. Regression table.

that includes current and lagged output gap and inflation.” I report the results in the first
column of table SM.1. I then report its sytuctural break version in the second column.
There is no evidence for a decrease in the persistence of the nominal interest rate (and
thus, the persistence of the monetary shock process) over time.

This set of results is inconsistent with the NK model, since the model suggests that the
empirically documented fall in inflation persistence can only be explained by an identical
fall in nominal interest rates persistence.

Additional Structural shocks. Inthe model studied above, I have only considered monetary
policy shocks. It could be the case that other relevant shocks have lost persistence in recent
decades, and could thus explain the fall in the persistence of inflation. I additionally con-
sider demand (technology) and supply (cost-push) shocks. In this case inflation dynamics
follow

(SM..3) 7t = VvVt + Oraadt + Wy Uiy

where a; is the technology shock, u; is the cost-push shock, {y for x € {v, a, u} are scalars
that depend on model parameters, defined in Online Appendix SM.2, and shock processes

’The instrument set includes four lags of the Effective Fed Funds rate, GDP Deflator, CBO Output Gap,
labor share, Commodity Price Inflation, Real M2 Growth, and the spread between the long-term bond rate
and the three-month Treasury Bill rate.



Parameter Description Value Source/Target

Pa Technology shock persistence 0.9 Gali (2015)
Pu Cost-push shock persistence 0.8 Gali (2015)
Oca Technology innovation pre-1985 1 Gali (2015)
Ocu Cost-push innovation 1 Gali (2015)

TABLE SM.2. Persistence and Volatility Parameters

follow respective AR(1) processes Xt = pxX;—1 + £¥. In this framework with multiple shocks,
I consider inflation persistence as the first-order autocorrelation coefficient p; as

1I)7'[V E’V+p ll)T[a sa+p 1'I)7Tu eu

1-
(SM.4) oy = — -0g Pl
lpﬂVGEV + ll"nacsa + wﬂugeu
1-p3 1- pa l_pu

Using different measures of technology shocks from Fernald (2014); Francis et al. (2014);
Justiniano et al. (2011) and cost-push shocks from Nekarda and Ramey (2020), there is
no empirical evidence supporting a fall in their persistence. Additionally, I find that an
increase in ¢ from 1to 2, as the one documented by Clarida et al. (2000), can only generate
a fall of 0.003% in the first-order autocorrelation (SM.4). Finally, a fall in the volatility of
cost-push shocks with respect to the volatility of the other two shocks can explain a fall in
the first-order autocorrelation from 0.8 to 0.745 when o¢;, = 0, insufficient to explain the
documented fall. Therefore, I rule out these explanations.

Technology Shocks. In this section I rely on the vast literature on technology shocks, dating
back to Solow (1957); Kydland and Prescott (1982). Early work in the literature generally
assumed that a regression on the (log) production function reports residuals that can be
interpreted as (log) TFP neutral shocks, as the one discussed in this section. Due to endo-
geneity concerns between capital and TFP, the literature moved forward and estimated
TFP shocks through different assumptions and methods. In this new wave, Gali (1999) used
long-run restrictions to identify neutral technology shocks by assuming that technology
shocks are the only that can have permanent effects on labor productivity. Following
this idea, Francis et al. (2014) identify technology shocks as the shock that maximizes
the forecast error variance share of labor productivity at some horizon. Basu et al. (2006)
instead estimate TFP by adjusting the annual Solow residual for utilization (using hours per
worker as a proxy), and Fernald (2014) extended the series to quarterly frequency. Finally,
Justiniano et al. (2011) obtain technology shocks by estimating a NK model, incorporating
other technology-related shocks such as investment-specific technology and marginal
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FIGURE SM.1. TFP dynamics

efficiency of investment shocks. Ramey (2016) compares the shocks, and shows that the
IRFs of standard aggregate variables after the each shock series are similar. In particular,
Francis et al. (2014) and Justiniano et al. (2011) produce remarkably similar IRFs of real
GDP, hours and consumption.

I plot the different series in Figure SM.1. Notice the difference between the left and right
panels: while Fernald (2014) estimates directly (log) technology a;, Francis et al. (2014);
Justiniano et al. (2011) estimate the technology shock ¢¢. I overcome the difficulty with the
estimation of technology persistence by estimating persistence in the natural real interest
rate process. In the standard NK model, the natural real rate is given by (OA.39), which
can be rewritten using the AR(1) properties of the technology process as

(SM.5) T? = par?_1 -op(1- pa)f‘:?

I use the Federal Reserve estimate of the natural interest rate series, produced by Holston
et al. (2017), as the proxy for r}. Table SM.3 reports the results. The first two columns
report the (direct) estimate of the technology process (OA.31) persistence and its structural
break around 1985:1, while columns three to six report the estimate of the natural real rate
process (SM.5) using the technology series constructed by Francis et al. (2014); Justiniano
et al. (2011), respectively. I do not find any evidence of a fall in technology persistence over
time.

Cost-push Shocks. In the benchmark NK model with monopolistic competition among
firms, cost-push shocks are interpreted as the deviation from the desired time-varying
price-cost markup, which depends on the elasticity of substitution among good varieties.
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FIGURE SM.2. Markup series

Nekarda and Ramey (2020) estimate the structural time-varying price-cost markup under
a richer framework than the benchmark NK model. In particular, they consider both labor
and capital as inputs in the production function. They argue that measured wages are
a better indicator for marginal costs than labor compensation, and provide a range of
markup measures depending on the elasticity of substitution between capital and labor. As
a result, they obtain markup estimates either from labor side or the capital side. Since our
model does not include capital, I will rely on the labor-side estimates. Figure SM.2 plots two
different measures of the cost-push shock. In the first, the authors rely on a Cobb-Douglas
production function in order to estimate the markup, while in the second the authors rely
on a CES production function, estimating labor-augmented technology using long-run
restrictions as in Gali (1999). I therefore estimate the first-order autocorrelation using
these two measures. Our results are reported in table SM.4. Columns one and two report
the estimates based on the Cobb-Douglas production function, while columns three to four
report the estimates based on the (labor-side) CES production function. I find no evidence
of a change in cost-push persistence over time

SM.1.2. Monetary Stance

I now consider exogenous changes in the reaction function of the monetary authority. Let
us first consider the benchmark framework, with inflation dynamics described by (SM.1).
I already argued that changes in the policy rule do not affect inflation persistence. Let us
now consider extensions of the benchmark model that could explain the fall in inflation

persistence.



Cobb-Douglas Structural Break  CES  Structural Break

Markupt_l 0.945*** 0.936*** 0.963*** 0.947***
(0.0246) (0.0309) (0.0234) (0.0253)
Markup;_1 X g p4 0.00246 0.00480
(0.00444) (0.00425)
Constant 0.0280** 0.0316** 0.0189 0.0252**
(0.0125) (0.0147) (0.0117) (0.0121)
Observations 195 195 195 195

HAC robust standard errors in parentheses
* p<0.10,** p<0.05,** p<0.01

TABLE SM 4. Regression table

Indeterminacy. 1begin by considering a hypothetical change in monetary policy, con-
ducted via the Taylor rule (9)-(10). The previous literature has considered the possibility of
the Fed conducting a passive monetary policy before 1985, which in the lens of the theory
would lead to a multiplicity of equilibria. For example, Clarida et al. (2000) document that
the inflation coefficient in the Taylor rule was well below one, not satisfying the Taylor
principle. Lubik and Schorfheide (2004) estimate an NK model under determinacy and
indeterminacy and argue that monetary policy after 1982 is consistent with determinacy,
whereas the pre-Volcker policy is not. I study if this change in the monetary stance could
have affected inflation persistence.

In order to obtain the model dynamics, I set parameters to the values reported in table
4, with the exception of ¢r. For the indeterminate case I set ¢ ;nq = 0.83, the estimate
reported by Clarida et al. (2000). I find that inflation dynamics are more persistent in the
indeterminacy region, with an autocorrelation of 0.643, falling to 0.5 in the determinacy
region after the mid-1980s.8 This could explain more than 50% of the overall fall in inflation
persistence. Another interesting result is that, even in the case of multiple equilibria
arising from non-fundamental sunspot shocks, the first-order autocorrelation coefficient

is unique.

Optimal Monetary Policy under Discretion. The second extension that I inspect is an opti-
mal monetary policy under discretion. I show that an increase in ¢, can be micro-founded
through a change in the monetary stance in which the CB follows a Taylor rule in the
pre-1985 period, while it follows optimal monetary policy under discretion in the post-

8For the model derivation, I refer the reader to Online Appendix SM.2.



Model
Persistence Pre 1985 Post 1985

Indeterminacy  0.643 0.5
Discretion 0.799 0.800
Commitment 0.799 0.400

TABLE SM.5. Summary

1985 period. In such case, inflation dynamics follow (SM.3) in the pre-1985 period, and
Tt = puTs1 +Pzet in the post-1985 period, where 1\ is a positive scalar that depends on
deep parameters and inflation persistence is inherited from the cost-push shock. Com-
pared to the pre-1985 dynamics, described by (SM.3), there is no significant change in
inflation persistence: in the pre-period, model persistence (measured by the first-order
autocorrelation of (SM.3)) is around 0.799, while in the post-period persistence is around
0.800. Therefore, such change in the policy stance would have generated an increase in
inflation persistence, which rules out this explanation.

Optimal Monetary Policy under Commitment. Consider the benchmark NK model with the
optimal monetary policy under commitment. Under commitment, the monetary authority
can credibly control households’ and firms’ expectations. In this framework, inflation
dynamics are given by 7ty = pcm_1 +1cAug, where p. and 1 are positive scalars that depend
on deep parameters, Au; = uy — u;_; is the exogenous cost-push shock process, with p,
governing inflation intrinsic persistence. Using a standard parameterization I find that
pc = 0.310, which suggests that this framework, although it produces an excessive fall in
inflation persistence, could explain its fall. Its main drawback is that its implied Taylor rule
in the post-1985 period would require an increase in ¢ from 1 to 4.5, as I show in Online
Appendix SM.2, which is inconsistent with the documented evidence in table SM.1 Panel
A.

Summary. 1summarize in table SM.5 the findings in this section, concluding that changes
on the monetary stance are either insufficient or inconsistent with empirical evidence.

SM.1.3. Intrinsic Persistence

The main reason for the failure in explaining the change in the dynamics in the benchmark
NK model is that the endogenous outcome variables, output gap, and inflation, are propor-
tional to the monetary policy shock process and thus inherit its dynamics. This is a result



of having a pure forward-looking model, which direct consequence is that endogenous
variables are not intrinsically persistent, and their persistence is simply inherited from the
exogenous driving force and unaffected by changes in the monetary stance. I, therefore,
enlarge the standard NK model to accommodate a backward-looking dimension in the
following discussed extensions, including a lagged term in the system of equations.

Price Indexation. 1 consider a backward-looking inflation framework, “micro-founded”
through price indexation. In this framework, a restricted firm resets its price (partially)
indexed to past inflation, which generates anchoring in aggregate inflation dynamics. In
such a framework, inflation dynamics are given by 7; = p 71 + Py vt. In this framework
inflation intrinsic persistence is increasing in the degree of price indexation w, as I show
in Online Appendix SM.2. A fall in the degree of indexation could explain the fall in
inflation persistence. However, the parameterization of such a parameter is not a clear
one. Price indexation implies that every price is changed every period, and therefore one
could not identify the Calvo-restricted firms in the data and estimate w. As a result, the
parameter is usually estimated using aggregate data and trying to match the anchoring of
the inflation dynamics, and its estimate will therefore depend on the additional model
equations. Christiano et al. (2005) assume w = 1. Smets and Wouters (2007) estimate a
value of w = 0.21 trying to match aggregate anchoring in inflation dynamics. It is hard
to justify a particular micro estimate for w since it is unobservable in the micro data.” A
counterfactual prediction in this framework is that all prices are changed in every period,
in contradiction with the empirical findings in Bils and Klenow (2004); Nakamura and
Steinsson (2008). As a result, one cannot credibly claim that w is the cause of the fall in
inflation persistence since it needs to be identified from the macro aggregate data, which
makes it unfeasible to identify w and the true inflation persistence separately. Finally, I
find that a change in the monetary policy stance has now a significant effect on inflation
persistence: a change of ¢ from 1 to 2 produces a fall in the first-order autocorrelation of
inflation from around 0.895 to 0.865. However, is not enough to produce the effect that I
observe in the data.

Trend Inflation. Our last extension is to include trend inflation, for which the literature
has documented a fall from 4% in the 1947-1985 period to 2% afterward (see e.g., Ascari
and Sbordone 2014; Stock and Watson 2007). Differently from the standard environment,
I log-linearize the model equations around a steady state with positive trend inflation,

20One would need to identify the firms that were not hit by the Calvo fairy in a given period, yet they
change their price.

10



Model
Persistence Pre 1985 Post 1985
Price indexation 0.90 0.87
Trend inflation 0.91 0.84

TABLE SM.6. Summary

which I assume is constant within eras. Augmenting the model with trend inflation creates
intrinsic persistence in the inflation dynamics through relative price dispersion, which is
a backward-looking variable that has no first-order effects in the benchmark NK model.
Inflation dynamics are now given by 7y = pz 1711 + pr 272 + PY71V¢ + P 2Ve-1, Where
persistence is increasing in the level of trend inflation. I, therefore, investigate if the
documented fall in trend inflation, coupled with the already discussed change in the
monetary stance, can explain the fall in inflation persistence. Although in the correct
direction, I find that the fall in trend inflation and the increase in the Taylor rule coefficients
produce a small decrease in intrinsic persistence, from 0.91 to 0.84.

Summary. Isummarize in table SM.6 the findings in this section, concluding that changes
on the monetary stance are either insufficient or inconsistent with empirical evidence.

SM.2. Extensions to the Benchmark New Keynesian Model

SM.2.1. Forward-Looking Models
SM.2.1.1. Benchmark New Keynesian Model

Inserting the Taylor rule (9) into the DIS curve (8), one can write the model as a system of
two first-order stochastic difference equations,

(SM.6) xt = 0Etxp1 + @1t

where x = [y; m]Tisa2 x 1vector containing output and inflation, & is a 2 x 2 coefficient

1 [U 1_64371 ]and(p=

matrix and @ is a 2 x 1 vector satisfying § = =
P Lok Kkt Blotdy)
Yy

. The system of first-order stochastic difference equations (SM.6) can be

1 1
B 0+ ytKr K

solved analytically, which is of help for our purpose. In particular, the solution to the above

11



system of equations satisfies x; = Wv;, where W = [\, 5|7 with {7 defined in (14) and

11) - _ 1-ppB
Y @-pB)o(@-p)+d yJtk(br-p) *

SM.2.1.2. Accommodating Technology and Cost-push Shocks

In this section, I extend the general model to accommodate cost-push shocks. The demand
side is still described by (OA.40), which under the FIRE assumption collapses to

- 1. -
(SM.7) Ve = ‘(—y(lt - E¢mi41) - (1= paipar + Et Vi

To accommodate cost-push shocks, I allow the elasticity of substitution among good
varieties, €, to vary over time according to some stationary process {e;}. Assuming constant
returns to scale in the production function (OA.30) (x = 0) for simplicity, the PC becomes

(SM..8) Tt = RE¢Ttpy — At + AF = BEsmtpe1 + Ky + Uy

where uf = log % is the time-varying desired markup and i} = u} - p. I assume that
the exogenous process u; = Al follows an AR(1) process with autoregressive coefficient
pu. Combining (SM.7), (SM.8), (9) and the respective shock processes, I can write the

equilibrium conditions as a system of stochastic difference equations
(SM.9) Ax; = BEsxyqq + Cw;

where x; = [y; m]Tis a2 x 1vector containing output and inflation, w: =[vy ar u]T
is a 3 x 1vector containing the monetary, technology and cost-push shocks, A is a 2 x 2
coefficient matrix, B is a 2 x 2 coefficient matrix and C is a 2 x 3 matrix satisfying A =

+ . 1 -~ [ -o1- 0
ordy n ,B= ° ,and C = o(1=pa)¥ . Premultiplying the system by
-K 1 0 B 0 0 1
A711 obtain
(SM.10) xt = O0Eixp41 + oWy

where § = A'Band ¢ = A1C. Notice that wy follows a VAR(1) process with autoregressive
coefficient matrix R = diag(py, pa, pu)- Using the method for undetermined coefficients,
the solution to (SM.10) is conjectured to be of the form y, =¥ ,w; and 71; = Vw;, where
Yy=y Yys Yyuland¥z=[bry VYna WPrul. Imposing the conjectured relations
into (SM.10) allows one to solve for the undetermined coefficients P yy, P ya, ¥ yu, $rv, Ora

12



and Py, which satisfy the condition ¥ = 8WR+@, whereV = [V, Wz]Tisa2x3 vector con-
taining all the unknown parameters. The solution to the above system of unknown parame-
i =_ 1-py3 - _ oY (1-pa)(1-pa ) -
ters satisfies ll)yv (1_Pv|3)[G(l_pv)+q)y]+|<(¢n—pv)) 1|)ya (1‘paB)[O'(l‘pa)+d)y]+|<(d)ﬂ—9a)) lbyu
_ br—pu II) - _ K 11) - _ ko(1-pa)
(I-puB)[o(1-py)+d y]"‘K((d)n—F))u) ) ¥V (I-pyB)[o(1-pv)+d yl+K(Dr—pv)’ na (1-paB)[o(1-pa)+d yl+Kk(dr—pa)’
— 0(1-pu)tdy e e . ]
and Yy = B0 T=pu)+ b ] K Grpa)’ and therefore equilibrium dynamics are given by

(SM.3) and y; = yyvt + U yaar + P yuus.

SM.2.1.3. Optimal Monetary Policy under Discretion

Following Gali (2015), the welfare losses experienced by a representative consumer, up to
a second-order approximation, are proportional to

(SML11) Eo Y B (nf +7)

where x; = y,; - ¥§ is the welfare-relevant output gap, with y? = 1a; denoting the (log)
efficient level of output. Notice that /e regulates the (optimal) relative weight that the
social planner (or the monetary authority) assigns to the welfare-relevant output gap. In
this case, the DIS can be written as

1.
(SM.12) Xt = ‘E_(lt - E¢mii1) - (1= pa)bar + Exxpag
I can also rewrite the PC as
(SM.13) 7 = BEsmte4g + Ko + Uy

where us = k(y7 - y}). Again, I assume that the cost-push shock follows an AR(1) process
with autoregressive coefficient p;. Under discretion, the CB does not control future output
gaps or inflation, but just the current measures. Therefore, the monetary authority mini-

2

mizes 71< + gxtz subject to the constraint 7ty = kx; + &, where & = BEsmp4q + uy is treated

as a non-policy shock (one can show that E;m4q is a function of future output gaps). The
optimality condition is

(SM.14) Xt = —€Tt
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In case of inflationary pressures, the CB will reduce output below its potential, “leaning
against the wind”. In this case, the welfare-relevant output gap and inflation follow
~ 1-pyP +2ex
SM.15 = - u
(M1 T pup e
1-puf +ex !

(SM.16) Tt

Using the DIS curve (8) and the optimality conditions (SM.15) and (SM.16), I can reverse-
engineer the following Taylor rule, which replicates the optimal allocation under discretion

_Put eo(l- py)
1-PBpytex

(SM.17) it ut - o(1- pa)par = Y;ur - o(1- pa)par

Unfortunately, such a rule yields multiple equilibria since it does not satisfy the Taylor
Principle. However, adding a component ¢ (nt - mut) =0, I can write

eo(l-py) - (dn - pu)
1-Bpyt+ex

(SM.18) it = ppmrp + ut — o(1- pg)bat = drms + O;ur — (1 - pg)bay

Inserting condition (SM.16) to eliminate the cost-push shock yields

(SM.19)
it = Gnri + [€0(1- pu) = (G = pw)l7y - (1= pa)bar = Garte + 1 19657 — 0(1 - pa)ibar

As a result, one could understand the documented increase in the Taylor rule as a version

Lirs 1085y — 099
which aligns well with the data. I already discussed that an increase in ¢, does not affect

of optimal discretionary policy. In our benchmark specification I find ¢

inflation persistence. What if the change in the monetary stance was not a mere increase
in the elasticity of nominal rates with respect to inflation, but an additional response to
cost-push shocks in the Taylor rule? Recall that, under discretion, inflation dynamics are
given by (SM.16), which I can write as

1
1-puf +ex

et

(SM.20) Tt = PuT-1 +
Compared to the pre-1985 dynamics, described by (SM.3) and disregarding technology
shocks for simplicity, inflation persistence would be even larger if p;, > py, which I have
documented in tables SM.1 Panel A and SM.4. That is, the optimal discretionary policy
would not explain the fall in inflation persistence, provided that cost-push persistence has
been stable throughout the decades, and that cost-push shocks are more persistent than

14



monetary policy shocks, which would have generated an increase in inflation persistence.”

SM.2.14. Indeterminacy

Consider the standard framework in (SM.6). I have explored inflation dynamics under
determinacy. In this section, I uncover the (multiple) stable solutions under indeter-
minacy, where ¢ < 1- %d) y. Following Lubik and Schorfheide (2003), I rewrite the
model as Tp&r = &y + Vel + g, where & = [Ety EY v, ne = [nf’ N7]T and I
denote the conditional forecast £ = Etxs; and the forecast error nf = x; - E,if_l, with

SIS I (T A o
lb=10 B 0|, = -K 1 0o|,¥Y=(0]|,andTT = -K 1 |. Premulti-
00 1 0 0 p 1 0 0

plying the system by I';! I obtain the reduced-form dynamics & = I}&;_1 + W*e) + T*n;.
Using the Jordan decomposition of I} = JAJ7L and denoting wy = J71&;, I can write
wr = Awy_1 + T 1W*e¥ + J71TT .. Let the w;, denote ith element of wy, [J7'W*]; denote the
ith row of J1W* and [J‘lﬂ*]i denote the ith row of J~1TT*. Since A is a diagonal matrix, the
dynamic process can be decomposed into 3 uncoupled AR(1) processes. Define J denote
the set of unstable AR(1) processes, and let /. and TT. be the matrices composed of the
row vectors [J ‘l‘i’*]i and [J ‘lﬂ*]i such that i € Jy. Finally, I proceed with a singular value
Dy O |V]

0 o] |V]
Schortheide (2003) prove that if there exists a solution in the indeterminacy region, it is of
the form & = T7&;_1 + [W* - ﬂ*VlDﬁ UlT‘P{C]s’t’ + ﬂ*Vz(Ma}’ +M;(t). Two aspects deserve a
discussion. First, matrices M and M; do not depend on model parameters, which yields the

decomposition of the matrix I/, TT. = [UI Uz] = U1D11V1T . Lubik and

multiplicity of equilibria. Following Lubik and Schorfheide (2003), I select the equilibrium
that produces the same dynamics as the determinate framework on impact.!! Second, the
model features i.i.d sunspot shocks (; that affect equilibrium dynamics.

SM.2.2. Backward-looking New Keynesian Models

The main reason for the failure in explaining the change in the dynamics in the benchmark
NK model is that endogenous outcome variables, output gap, and inflation, are proportional
to the monetary policy shock process and thus inherit its dynamics. This is a result of

10Tncluding technology shocks in the comparison of (SM.3) and (SM.20) would alter the results, provided
that p, > py > py. However, since py is in between the two other highly persistent parameters and none
of them have changed over time, the difference (if any) in reduced-form persistence in (SM.3) and (SM.20)
would be small, and would not explain the documented large fall.

117 set M such that —VlDﬁ UlT‘P{C + VoM = -7, and M such that V5 (o = breg.
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having a pure forward-looking model. A direct consequence is that endogenous outcome
variables are not intrinsically persistent, and therefore its persistence is simply inherited
from the exogenous driving force. In this section, I enlarge the standard NK model to
accommodate a backward-looking dimension, including a lagged term x;_; in the system
of equations (SM.6).

I do so in two different ways: in the first extension, discussed in section SM.2.2.1, I
explore a change in the monetary stance from a passive Taylor rule towards optimal policy
under commitment. In the second extension, discussed in section SM.2.2.2, I include price-
indexing firms, which introduces anchoring on the supply side. In the third extension,
I introduce log-linearize the standard model around a steady state with trend inflation,
which endogenously creates anchoring in the demand and supply sides.

SM.2.2.1. Optimal Monetary Policy under Commitment

My first backward-looking framework is the benchmark NK model with the optimal mone-
tary policy under commitment. Under commitment, the monetary authority can credibly
control households’ and firms’ expectations. As a result, the CB program is to minimize
(SM.11) subject to the sequence of constraints (SM.13). The optimality conditions from this
program yield the following conditions relating to the welfare-relevant output gap and

inflation
(SM.21) Xo = —€Ty, Xt = Xp_1— €T}

for t > 1. Notice that these two conditions can be jointly represented as an implicit price-
level target

(SM.22) Xt = -€py

where p; = p;- p_; is the (log) deviation of the price level from an initial target. Combining
the PC (SM.13) and the optimal price level target (SM.22) I obtain a second-order stochastic
difference equation p; =y P;_; + YBEt Ppaq + YUir, Where y = (1+ B + ex)7L. The stationary
solution to the above condition satisfies

SM.23 D, =0D; 1+ ——m—
( ) Pt = 0Py g,

where 6 = % € (0,1) is the inside root of the following lag polynomial F(x) =

vBx?% - x +y. Inserting the price level target (SM.22) into (SM.23), I can write the welfare-
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relevant output gap in terms of the cost-push shock

€d €d

SM.24 =—_—— =0Xp 1 - ———
( ) X0 1—6Bpuu0’ Xt = 0Xt-1 1—5f50uut

Notice that (SM.26) can be written in terms of the lag polynomial as Ax; = —%ﬁAub
which I can insert back into (SM.21) to obtain inflation dynamics

d d

SM.25 Mg = ————1Ug Tt =0m 1+ ———Au
( ) 0= Tooppg 0 T T Ot e A
Rewriting the output gap dynamics,
~ ~ 1-5( - K€E )
(SM.26) Y =0Y1- Pou ) U

Just as in the case under discretion, the monetary authority can engineer a Taylor rule
that produces the optimal dynamics. Inserting (SM.22), (SM.23) and (SM.26) into the DIS
curve (SM.12) I can specify the following Taylor rule,

(SM..27) it=(1-8)(ce-1)p; - op(1-pa)ar=bpp; + &

which produces the same allocation as the optimal policy. Inserting (SM.25) in the Taylor
rule, I can write

. — )
it =(1-0)(ce -1)p; - ob(1-pglar + dn <7Tt -8y - mAut)

— 1)

= Gnry + (1-8)(0€e - 1) py - Grd7pg - LAut - oP(1l- pa)as

1-3Bpu

~ o
= e+ (L= )(0€ 1 + By1) - brdics = Bt (1= pa)ay
- u

~ Grd

= bnte + by 0550 T Pre, Ly 105y Pe-1 ~ P71 - ﬁAut - 0P~ pa)ar

_ ~ Grd
= Gnte + b 1055 T T Pre, 1y 1085 Pr-1 ~ P71 - mAut &

where &; is an AR(1) process. My standard parameterization, reported in table 4, suggests
O gym 10855 = 3-96) which is excessive considering my previous empirical findings. To
confirm this, I estimate the above Taylor rule.

Table SM.7 reports our results. Columns one and two repeat our previous exercise but

assume no response to output gap deviations. Columns three to four report the estimates
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(1) ) (3)
Taylor rule SB

4)

Optimal MP (CD) Optimal MP (CES)

e 1.389*** 1.247%* 1.173*** 1.169***
(0.0659) (0.0730) (0.0724) (0.0727)
T X Lgs 0.553*** 2.065** 2.018**
(0.152) (0.944) (0.986)
-1 X l{tzt*} 0.581 0.598
(0.763) (0.752)
Pr X Lgg>p -0.00252*** -0.00243***
(0.000794) (0.000830)
Ur X ]l{tzt*} -1.148* -1.057
(0.629) (0.688)
Observations 203 203 192 192

Standard errors in parentheses
* p<0.10, ** p<0.05,*** p<0.01

TABLE SM.7. Regression table

of the optimal Taylor rule under commitment, using Nekarda and Ramey (2020) estimates
of markups. Our results support the notion that the Fed included the price level and the
cost-push shock in its Taylor rule. However, the results are inconsistent with the theory,
since the increase in the inflation coefficient and the increase in the price level coefficients
are of opposite signs. Additionally, the change in the inflation coefficient is still far from
the model-implied change that supports a commitment rule.

SM.2.2.2. Price Indexation

Consider a backward-looking version of the PC, micro-founded through price indexation
at the firm level and governed by w

(SM.28) T

1 yt + EtT[t+1

K B
= T[t_ +
1+ Pw 1+ Pw 1+ Pw
The rest of the model equations are the same as in the benchmark model, (8), (9), and (10).
The model derivation is relegated to Online Appendix SM.3, and the parameterization is
identical to that of table 4, with the model enlarged by the price-indexation parameter

w. The parameterization of such a parameter is not a clear one. As I show below, price
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Parameter Description Value Source/Target
w Price indexation 0.75  Range literature

TABLE SM.8. Model Parameters
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FIGURE SM.3. Inflation first-order autocorrelation in the backward-looking NK model

indexation implies that every price is changed every period, and therefore one could not
identify the Calvo-restricted firms in the data and estimate w. As a result, the parameter is
usually estimated using aggregate data and trying to match the anchoring of the inflation
dynamics, and its estimate will therefore depend on the additional model equations. I set
w = 0.75, which is in the range of the literature (0.21 in Smets and Wouters (2007), 1 in
Christiano et al. (2005)).

The model can be collapsed to a system of three second-order stochastic difference
equations x; = I'px1 +T fEtxt+1 + Avy, where x¢ = [y; m]T. The solution of the above
system satisfies x; = Ax;_1 + Wv;, where both matrices A(¢r, @) and W(dr, @) depend now
on ¢, and the rest of the model parameters ®. Notice that a key difference between the
benchmark model and this backward-looking version is that a change in ¢, will affect
inflation persistence, and could therefore explain the fall in inflation persistence.

In Figure SM.3A I show that a change in the monetary policy stance has now a significant
effect on inflation persistence: a change of ¢, from 1to 2, as I have documented in table
SM.1 Panel A, produces a fall in the first-order autocorrelation of inflation from around
0.895 to 0.865. However, is not enough to produce the effect that I observe in the data.
The target now is to find a candidate parameter that can explain the observed loss in
inflation persistence. The ideal candidate is w, since this term produces anchoring in the
PC (SM.28). As I show in Figure SM.3B, as w decreases so does inflation persistence.
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I show in figure SM.3B that the decrease in w from 1 (full indexation) to 0 (no indexation)
produces a factual fall in inflation persistence, and I would be back to the standard model
with no indexation. The model is indeed successful in reducing persistence. The natural
question is then: what is w? Does a fall from 1 to 0 makes sense? In the backward-looking
NK model, a firm i that is unable to reset its (log) price gets to reset its price to

(SM..29) Dit = D1 T Wt

The presence of the term w7t;_; is what gives anchoring. What is the value of w in the
literature? Christiano et al. (2005) assume w = 1. Smets and Wouters (2007) estimate a value
of w = 0.21 trying to match aggregate anchoring in inflation dynamics. The main problem
here is that it is hard to justify a particular micro estimate for w, since it is unobservable
in the microdata. One would need to identify the firms that were not hit by the Calvo fairy
in a given period and then regress (SM.29). However, the price indexation suggests that
all prices are changed in every period, which makes it unfeasible to identify the Calvo-
restricted firms. Another aspect in which w > 0 is inconsistent with the micro-data is that
it implies that all prices change every period, in contradiction with Bils and Klenow (2004);
Nakamura and Steinsson (2008). As a result, one cannot claim that w is the cause of the
fall in inflation persistence, since it needs to be identified from the macro aggregate data,
which makes it unfeasible to separately identify w and the true inflation persistence.

I, therefore, conclude that extending the benchmark framework to price indexation
does not have the quantitative bite to explain the fall in inflation persistence, although the

estimates move in the correct direction.

SM.2.2.3. Trend Inflation

Although it is well known that CBs’ objective is to have a stable inflation rate around 2%,
most New Keynesian models are log-linearized around a zero inflation steady state since
the optimal steady-state level of inflation is 0%. Ascari and Sbordone (2014) extend the
benchmark model to account for trend inflation. The non-linear model is identical to
the one presented in the previous section. Differently from the standard environment,
they log-linearize the model around a steady with a certain level of trend inflation 7,
which is constant over time. Price dispersion, a backward-looking variable that has no
first-order effects in the benchmark NK model, is now relevant for the trend NK model.
Augmenting the model with trend inflation creates intrinsic persistence in the inflation
dynamics through relative price dispersion. The model, similar to the one in Ascari and
Sbordone (2014), is derived in Online Appendix SM.3. The model can now be summarized
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Parameter Description Value Source/Target
T Trend inflation 1.021/4 - 1.04}4  Ascari and Sbordone (2014)

TABLE SM.9. Model Parameters

as a system of six equations, including (8), (9) and (10), with the additional inclusion of the
price dispersion dynamics (SM.30)
€ d0-% we d-%

SM.30 = - _1+ 08¢
( ) SOk pt pvil ek e pnviL S RSS!

and the PC, which is now given by the system

T = KnTl-1 + Ky Pp + KyJ/t + ByErbra + PrEmten

(SM.31) 1+ we .
Pr=(1-pB0)@st+ . (1 Bd)y; - I—Bfmt + BOEADt+ + ——PBOETT4g
- 1-«x
_el-w) _ e )1
where O = T-oFex cx+eoc’ 8(m) = O o and x(7) = prr(e- D w)) Kre = l—w[@(e—ﬁuﬁ(l—x)—ﬁ){]’
©(1-x) _ ©(1-0)(1-x)(1-Bx) OB (1-x)
K = M Tw[EE-DBI0-Bx <Y = TXw[@e-DBo0-Bx) PV T T Talee-DB(-0-x 274

B = - O(e-1)B(1-x)-Px
T Tw[O(e-D)B-x)-px]”
extended to trend inflation between 0%-6%, except for the value of ¢, = 0 which is

The parameterization is identical to that of tables 4 and SM.9,

bounded from above by the determinacy conditions. The model can be collapsed to a
system of four second-order stochastic difference equations x; = I'px;_1 +T FEXt1 + Ay,
where x; =[y; 7 Wr st]7. The solution of the above system satisfies x; = Ax;_; + Wy,
where both matrices A(¢x, T, @) and ¥Y(bx, T, ©) depend now on ¢y, trend inflation 7,
and the rest of the model parameters @. In this framework, I define s; as (log) price
dispersion at time ¢, and \; as the present discounted value of future marginal costs.
Notice that I have extended an otherwise standard trend-inflation NK model with price
indexation (governed by w) as in (SM.29). Even in the zero-indexation case, there will be
anchoring coming from the price dispersion equation, which is the only backward-looking
equation in the system. To see this, under zero-indexation, inflation dynamics are given

by 71t = ass;_1 + bavy = (asﬁ?:—)’é + 6> 11 + bp(vt — 8v4_1). In the price-indexation case,

inflation dynamics are given by 7t = an7;_1 + asst_1 + bpvy = (an +0+ asﬁ?:—;g T —

o 1-x
that governs anchoring (and persistence) in the system, 6 in (SM.30), is increasing in the

<a716 +asioe i X> Tt_o + br(vt — dv¢_1). Most importantly, one can see that the parameter

level of trend inflation 7t. This framework, therefore, has the potential of explaining the
fall in inflation persistence if trend inflation had fallen. Stock and Watson (2007) and
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FIGURE SM 4. First-order autocorrelation for values (¢, 7) € [1.2, 2] x [0%, 6%]

Ascari and Sbordone (2014) provide evidence of a fall of trend inflation from 4% in the
1969-1985 period to 2% afterwards. They estimate trend inflation using a Bayesian VAR with
time-varying coefficients (figure 3 in Ascari and Sbordone 2014). Importantly, they find that
their estimated trend inflation is correlated (0.96) with the 10-year inflation expectations
reported in the Survey of Professional Forecasters (after 1981).

As I argued before, a fall in the trend inflation 7 would decrease 6(7) and thus reduce
aggregate anchoring in the system. I, therefore, investigate if such a fall, together with the
already discussed change in ¢, can explain the documented fall in inflation persistence.

I compute the first-order autocorrelation of inflation for values of (¢, ) € [1.2, 2] x
[0%, 6%] in the trend inflation model with price indexation. I plot our results in figure
SM 4. As I previewed above, the decrease in trend inflation documented by Ascari and
Sbordone (2014) can explain (part of) the fall in persistence. In particular, a fall in trend
inflation from 6% to 2% (holding ¢ = 1.5 constant) produces a fall in inflation persistence
from 0.887 to 0.851. Similarly, an increase in the aggressiveness towards inflation from 1 to
2 (Clarida et al. 2000), holding 7© = 2% constant, produces a fall in inflation persistence
from 0.879 to 0.845. Jointly, they produce a fall from 0.912 to 0.845. Although in the correct
direction, the trend inflation model lacks enough quantitative bite to produce the large
fall documented in table 2, panel A. I, therefore, conclude that extending the benchmark
framework to trend inflation and price indexation does not explain the fall in inflation
persistence, although the estimates move in the correct direction.
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SM.3. Derivation of the FIRE Trend-Inflation New Keynesian Model

SM.3.1. Firms

As in the benchmark NK model, price rigidities take the form of Calvo-lottery friction.
At every period, each firm is able to reset its price with probability (1- 0), independent
of the time of the last price change. However, a firm that is unable to re-optimize gets to

reset its price to a partial indexation on past inflation. Formally, P;; = Pj)t_lﬂ;*jl , where

w is the elasticity of prices with respect to past inflation. As a result, a firm that last
reset its price in period ¢ will face a nominal price in period ¢ + k of P{x; ;+x, Where

TTOTTE T, - - - TTEY ifk>1
Xt 14k = { HLTE2 T kel ~ 7 . Such an environment implies that aggregate
ifk=0

1
price level dynamics are given by P; = [Gﬂﬁ_le)wP%:f +(1- 9)(P*)1‘ ] . Dividing by P;
1

: . Py _ [1-emiOemet] e L
and rearranging terms, I can write 5~ = | —SF5—— . Log-linearizing the above
: -

expression around a steady state with trend inflation I obtain

prle-D(-w)

(SM.32) p]t Pt = (e Da-w) (71t -

wWTs_1)

Optimal Price Setting. A firm re-optimizing in period t will choose the price P].*t that
maximizes the current market value of the profits generated while the price remains
: _ 1

P jtXt,t+k
t+k

-€
subject to the sequence of demand schedules Y; ;,y; = ( ) Cirpo Where Ay 4y =

-0
gk (Cé—*t'k> is the stochastic discount factor, C(-) is the (nominal) cost function where

Y; . . .
Crak = WerkNj ekt = Werk ( ””k't> and Y; ;) denotes output in period ¢ + k for a firm
that last reset its price in period ¢t. The Flrst Order Condition is

00 1-e 1 I
K wnee [ Xtttk ocl-c Wy Yj ekt Xtk ) ol L
OKE { As pir | (1= €)(PE) < ) Yire ¥ 75 (Pi) T =0
kZ:; it M, jt P, Jitt jt P \ Apg Pk

where ¥; 11 = el

; +k(Yj,t+j|t) denotes the (nominal) marginal cost for firm j, ‘1’]- trk|t =

1
[e'¢) Wt+k Y]‘)t+k|t o Xt;t+k
%\ Latex 1 B Zk:oe LUK P L W (W)
The FOC can be rewritten as (P ) o =Mz Xe.ek
n
Er Y R50 0K A, t+k< ) Y ek

1 1—
I- ocAt+k Wt+kY K|t
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l-xtex

where M = 5. Diving the above expression by P, ¢ = Pi_eﬂ x Pl‘ePl‘
(SM.33)
— l-w __L
—oteo k W, k|t | 1o TTwo «
Py, R B 1 Er > k200 At ek p:,f ( faﬁk ) Xt t+k ”t) MY
(Pt) T 1-«a o Ak _lw 1-e C1-oa®d;
Et > ko0 0°Ap i (Xt,tfk ”t) Y it
where the auxiliary variables are defined, recursively, as
here th iliary variabl defined, ively,
(SM.34)
s 1-0(1-c) W _lw Tx W, _.1 l-o(-

— k T« 1— itk w AN =T T~ 1—oc
Ye=E Z(Be) Y e Ak Prot (Xt,t+k ”t> =, A Yy RO E [ﬂtﬂ Wtﬂ}
(SM.35)

ky e -¢)
- w(l
Py =E Z(Be) t+k|t (Xt t+k ﬁf) ]1t|t6 +BOIT, T E, [ﬂtﬂ q)tH}
j=0

Log-linearizing (SM.33), (SM.34) and around a steady state with trend inflation yields,

respectively
(SM.36)
l-ax+ex
i 0= (- )
(SM.37)
[ _e(l-p) 1 1-0(1-« e(l-w) € we
Py = _1_ Op Ta ] (W; -1 (Xat + 15 - ) ) + 6[57( = (Etﬂ)tﬂ + mEﬂTHl "1z ocﬂt>
(SM..38)
¢ = 1-0pAEDED] (12 0)y, + 8D [w(1- &)y + Ercpren + (€ - DErma]

SM.3.2. Equilibrium

Market clearing in the goods market implies that Y;; = C;; = [; C;; di for each j good/firm.
Jt 7t Iy 2yt

Aggregating across firms, I obtain the aggregate market clearing condition: since assets

are in zero net supply and there is no capital, investment, government consumption nor

net exports, production equals consumption: fjf Y, dj = fjh fjf Cijrdjdi = Y;=Cp

Aggregate employment is given by the sum of employment across firms, and must meet

aggregate labor supply N; = fjh N;; di = fjf Nj; dj. Using the production function and
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optimal good consumption, together with goods market clearing

Y s p Y, \ Fa Py _ﬁd Y.\ e
sww e [ () g ()] () e (1)
(M3 t /af ) o= (%) s \B ) Y7a)

where Sy is a measure of price dispersion and is bounded below one (see Schmitt-Grohe and
Uribe (2005)). Price dispersion can be understood as the resource costs coming from price
dispersion: the smaller S;, the larger labor amount is necessary to achieve a particular
level of production. In the benchmark model with no trend inflation, IT = 7t = 1 and S; does
not affect real variables up to the first order. Schmitt-Grohe and Uribe (2005) show that

relative price dispersion can be written as

-Z:P'< _ﬁ €W €
t —_ —
(SM.40) S¢=(1-0) <P_]t> +OTT, EXTTEES, )

Log-linearizing (SM.39) and (SM.40) around a steady state with trend inflation I can write,
respectively

1
(SM.41) ng =S¢+ m(yt - at)

€ _el-w) " _el-w) Ew €
(SM.42) S¢ = 1= (1 -0 ) (pjt - p;) + O (—1 — (XT(t_l + mnt + st_l)

Aggregate DIS and Phillips Curves. Combining the intratemporal labor supply condition
and the production function (SM.41), I can write real wages as
¢+0(l-a @

(SM..43) W) = @s + T VT az

Combining the optimal price setting rule (SM.36) and the aggregate price level dynamics
condition (SM.32), denoting A; = 7; — w7y_1, I can write ¢ in terms of Ay,

—atex OmleDl-w)

I~ 1_penEw™

1
(SM.44) $br=1r-
Combining the price dispersion dynamics (SM.42) and the aggregate price level dynamics

condition (SM.32), I can write current price dispersion as a backward-looking equation in
inflation and price dispersion. This equation, which does not affect real variables in the
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benchmark model, will be key in order to generate anchoring,

€ _e@ew))  pAleD-w) e-w) / €
St"1-cx(1‘9” o )1_97—t<e—1)(1—w>Af+9 = (oghetse)

e(l-w —(e-1)(1-w) (1
:_le [(1—97‘1 (11_(x>) o7t e

(1-w) € 0
Ap+ 07 Fo sy = 2 X Ap+ 85
1-xl-x

1 - 07(e-D(1-w)

e(l-w) . . .
where 5(7) = 07 S , X(M) = or(e-D(A-w) Inserting the real wage equation (SM.43) into
the net present value of marginal costs (SM.37)

e(1-p)
Py = {1—657_[ 1-oc } {CPSH (J/t at)} +ORA to = (Etlbt+1+l—EtAt+1>

)

Finally, introducing (SM.44) into (SM.38), I can write the New Keynesian PC, A; = @LTth)t -
0(1- 0) BN .~ ©p(1- x)Ebs - [B(e - DBI-x) - Bx] ErApan-

=u—6&{@&+1f$u@—wﬂ+ﬁé(

Monetary Authority. The modelis closed through a CB reaction function. Following Taylor
(1993, 1999) I model the reaction function in terms of elasticities. The CB reacts to excess
inflation and output gap through a set of parameters {{¢x, ¢ y}. On top of that, the monetary
authority controls an exogenous component, the monetary policy shock e} ~ N(0, 62) that
are serially uncorrelated. Formally, I can write the Taylor rule as

(SM.45) it = pjig_1 + (L= p)(Pnme + by yy) + f

Steady State. In steady state, the model exhibits trend inflation. The model consists of 5

1o | $rorao)
It | p+to+x(l-o
equations and 5 variables, which can be written in steady-state as Y = [%] =
(e-1)(1-0) | F70+1-5) T soATEYLE _  seyl& _ seyie

e-1)(1I-x) | p+totax(l-o T _ —x Y-« _ —x _ —x _
[ eSP i| r[ ) 1 E q] - e(l-w) - c(l-w) - ].—[36 y and S =

1-0 [57( I 1-0pB7 l-o
1-0 1-p(e-DI-w) | (e-D(I—x) 1)(1—cx) X \ (e-D)(T-) 1 o) — 1-o (e- )(1 x)_

: e—e(ll_w) [ o } —9) .Hence, I canwrite y = PFota(i=0) [log

-0t I-x

@s], Tt = logm, i = llogn—logﬁ = m-logh, P = %o%y+ @s - log(1 - Bd), and s =
1-6 -
logm+mlog%.

26



References

Ascari, Guido and Argia M. Sbordone, “The macroeconomics of trend inflation,” 2014.

Basu, Susanto, John G. Fernald, and Miles S. Kimball, “Are technology improvements contrac-
tionary?,” American Economic Review, 2006.

Bils, Mark and Peter J. Klenow, “Some evidence on the importance of sticky prices,” Journal of
Political Economy, 2004.

Christiano, Lawrence J, Martin Eichenbaum, and Charles L Evans, “Nominal Rigidities and the
Dynamic Effects of a Shock to Monetary Policy,” Journal of Political Economy, 2005, 113 (1), 1-45.

Clarida, Richard, Jordi Gali, and Mark Gertler, “Monetary policy rules and macroeconomic
stability: Evidence and some theory,” Quarterly Journal of Economics, 2000.

Fernald, John, “A quarterly, utilization-adjusted series on total factor productivity,” 2014.

Francis, Neville, Michael T. Owyang, Jennifer E. Roush, and Riccardo DiCecio, “A flexible finite-
horizon alternative to long-run restrictions with an application to technology shocks,” Review
of Economics and Statistics, 2014.

Gali, Jordi, “Technology, employment, and the business cycle: Do technology shocks explain
aggregate fluctuations?,” American Economic Review, 1999.

__, Monetary policy, inflation, and the business cycle: An introduction to the new Keynesian framework
and its applications: Second edition 2015.

Holston, Kathryn, Thomas Laubach, and John C. Williams, “Measuring the natural rate of interest:
International trends and determinants,” Journal of International Economics, 2017.

Justiniano, Alejandro, Giorgio E. Primiceri, and Andrea Tambalotti, “Investment shocks and the
relative price of investment,” Review of Economic Dynamics, 2011.

Kydland, Finn E. and Edward C. Prescott, “Time to Build and Aggregate Fluctuations,” Econometrica,
1982.

Lubik, Thomas A. and Frank Schorfheide, “Computing sunspot equilibria in linear rational expec-
tations models,” Journal of Economic Dynamics and Control, 2003, 28 (2), 273-285.

— and___, “Testing for Indeterminacy: An Application to U.S. Monetary Policy,” American Eco-
nomic Review, March 2004, 94 (1), 190-217.

Nakamura, Emi and J6n Steinsson, “Five Facts about Prices: A Reevaluation of Menu Cost Models,”
Quarterly Journal of Economics, 2008, 123 (4), 1415-1464.

Nekarda, Christopher J. and Valerie A. Ramey, “The Cyclical Behavior of the Price-Cost Markup,”
Journal of Money, Credit and Banking, 2020, 52 (S2), 319-353.

Ramey, Valerie A., “Macroeconomic Shocks and Their Propagation,” in “Handbook of Macroeco-
nomics” 2016.

Romer, Christina D and David H Romer, “A New Measure of Monetary Shocks: Derivation and
Implications,” American Economic Review, 2004, 94 (4), 1055-1084.

Schmitt-Grohe, Stephanie and Martin Uribe, “Optimal Inflation Stabilization in a Medium-Scale
Macroeconomic Model,” NBER Working Paper No. 11854, 2005.

Smets, Frank and Rafael Wouters, “Shocks and frictions in US business cycles: A Bayesian DSGE
approach,” American Economic Review, 2007.

Solow, Robert M., “Technical Change and the Aggregate Production Function,” The Review of
Economics and Statistics, 1957.

27



Stock, James H. and Mark W. Watson, “Why Has U.S. Inflation Become Harder to Forecast?,” Journal
of Money, Credit and Banking, 2007, 39 (s1), 3-33.

28



	Persistence in New Keynesian Models
	Structural Shocks
	Monetary Stance
	Intrinsic Persistence

	Extensions to the Benchmark New Keynesian Model
	Forward-Looking Models
	Benchmark New Keynesian Model
	Accommodating Technology and Cost-push Shocks
	Optimal Monetary Policy under Discretion
	Indeterminacy

	Backward-looking New Keynesian Models
	Optimal Monetary Policy under Commitment
	 Price Indexation
	Trend Inflation


	Derivation of the FIRE Trend-Inflation New Keynesian Model
	Firms
	Equilibrium


