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Introduction

In many industrialized countries, the inflation rate has been below target for several years
despite the fact that, prior to the Covid-crisis, monetary policy had been sufficiently expan-
sive to support unemployment rates that were close to historical lows.These low inflation
outcomes could have reflected a correlated reduction in the natural rate of unemployment
across countries. However, such explanation appears unlikely given that only a few years ago
the predominant puzzle was missing deflation with high unemployment. A more plausible
candidate explanation for these outcomes is that the Phillips curve may be quite flat, at
least locally.

The object of this paper is to explore the implications and empirical relevance of a
relatively flat Phillips curve when a cost channel is present. The paper is divided into two
main parts. In a first section, we highlight a set of theoretical implications of having a
relatively flat Phillips curve in the presence of a cost channel. In particular, we examine this
issue in an environment where the flatness of the Phillips curve is only a local phenomenon.
This will allow us to contrast how monetary policy may act in normal times, i.e. when the
economy is not too far from its steady state and the Phillips curve is relatively flat, as opposed
to special times, i.e. when the economy is in more extreme circumstances and in a region
where the Phillips curve may be steep. As we shall show, this type of environment will offer a
simple explanation for why inflation can get stuck below target, with low unemployment even
if monetary policy appears quite aggressive. Such an outcome depends on parameters of the
Phillips curve as well as on the sensitivity of aggregate demand to interest rates. Accordingly,
in the second and third sections of the paper we explore the empirical plausibility for this
parameter configuration. To this end, we present both (i) estimates derived from single-
equation estimation of the Phillips curve and (i) estimates based on structural estimation
of a full model. In most of our estimations, we adopt a standard linear specification as
to examine whether the relevant condition is reflected in average outcomes of the economy
and therefore relevant in normal times. We complement these linear estimations with non-

linear estimates which provide support to the notion that the effects we find may be local

"When referring to the slope of the Phillips curve we are referring to the partial relationship between
inflation and a measure of market tightness such as either the output gap or the labor gap.



phenomena and that monetary policy may in fact have more conventional implications when
the economy is far from its steady state.

In terms of monetary policy, the findings of this paper have novel implications for how
policy should be conducted to keep inflation close to an inflation target. In particular, our
results support what may be called a “Go Big or Stay Home” principle. This refers to the
idea that stabilizing inflation in response to shocks may require either bold moves or, when
that is not feasible, doing nothing rather than making small moves. To be more precise, in
our framework, stabilizing inflation in response to either demand shocks or supply shocks
may require rather large changes in real interest rates, that is, it may be necessary to “Go
Big” to help inflation remain on target. However, and more importantly, if one cannot “Go
Big” — for example due to an Effective Lower Bound constraint or due to some institutional
constraints— then going only part of the way may be worse than “Staying Home”. Our
notion of “Staying Home” refers simply to the policy of maintaining real interest rates at
their long run steady state value independent of shocks. If instead, a central bank tries to
fine tune inflation using limited interest rates movement, this can generate outcomes where
inflation is either persistently below (with low unemployment) or persistently above (with
high unemployment) its target.

In a similar vein, our framework suggests that, when trying to compensate for past
departures from inflation target, inflation targeting central banks should not aim for quick
redress by adopting slightly more aggressive non-standard interest rate policy. Within our
framework, this is precisely the type of strategy that can cause a persistent deviation of
inflation from target. In such a situation, it is likely best to leave bygones be bygones and
return quickly to a historical rule that has given good inflation results in the past. Overall,
our framework gives conditions under which in the presence of small shocks, a passive policy
of maintaining real interest rates at their long run value may keep inflation closer to its
target compared to an active policy that continuously reacts to the state of the economy but
does so using limited tools.

The remaining sections of the paper are structured as follows. In Section 1, we derive
some simple theoretical implications of having a relatively flat Phillips curve when a cost

channel may also be operative. We show under which conditions this can change how an



inflation targeting monetary authority should conduct policy to stabilize inflation. In this
section we also discuss how an economy can get stuck in a low inflation trap. In Section
2, we begin by examining the plausibility of the parameter configuration of interest by
presenting estimates of the Phillips curve when we allow for a cost channel. We consider
both specifications where we impose rational expectations as well as cases where we allow
for departures from rational expectations (by using measures of expectations drawn from
survey data). Since the proper identification of Phillips curve parameters is key, we explore
several different instrumental variable strategies. In Section 3, we complement this partial
equilibrium evidence by presenting estimates derived by the Bayesian estimation of the full

model. Finally, in Section 4, we offer some concluding comments.

1 Monetary Policy Implications of a Relatively Flat
Phillips Curve

The aim of this section is to highlight how the slope of the Phillips curve — or more precisely
the sensitivity of the real marginal cost to market tightness—can affect the link between
monetary policy and inflation stabilization. We define a condition — the “Patman condition”
— under which restrictive monetary policy can increase inflation. Throughout this section, it
is important to emphasize that we will only be examining positive implications of different
interest rate stances with a focus on stances aimed at stabilizing inflation. We will not be

doing welfare analysis nor looking for optimal rules.

1.1 The Patman Condition

Since most of the elements of the model we use are rather standard, explicit derivation of
the main equations presented here and used in the estimation is presented in Appendix C.
Our starting point are the two key equations of the canonical New Keynesian setup, where
we introduce minor changes. As is standard, all variables are expressed in deviations from
the steady state. We are abstracting from capital accumulation, and we are assuming that
technological progress follows a deterministic trend. Deviations of economic activity from
its steady state therefore correspond to deviations of employment from its steady state. As

a result, when talking about market tightness, we can refer interchangeably to the output



gap or the labor gap.
T = BEm1 + K me; + iy, (1)

Yr = oy By — o (i — Eymegq) + dy, 0<a, <1 (2)

Equation (1) is the New Keynesian Phillips curve where inflation depends on expected infla-
tion, the real marginal cost and on a markup shock p;. This equation is entirely conventional.
Equation (2) is an Euler equation (the forward looking IS curve) which is subject to prefer-
ence shocks d;. In this equation, we allow for a discounted Euler equation specification by
having 0 < a,, < 1 (we provide micro-foundations for this in Appendix C). Such a modifica-
tion is not very substantial as we allow o, to be arbitrarily close to one. However, it has the
advantage of allowing us to consider a wider set of monetary policy rules without needing to
worry about a unit root (induced when «, is exactly equal to one). In particular, we are able
to consider environments where a central bank aims to influence real interest rates which, in
addition to being plausible, will be very convenient.
The main element we want to focus on is our specification of the real marginal cost as
given by Equation (3):
me; = Yy + V(i — Eymign). (3)

In Equation (3), we are including the real interest rate in the marginal cost. In Appendix
C, we show how this formulation can arise in the presence of intermediate goods that are
financed at the beginning of the period. It is common to refer to this term +, as the cost
channel of monetary policy, even though the cost channel of monetary policy is most often
associated with nominal interest rates affecting the real marginal cost. As our main results
are not substantially modified by allowing for a nominal versus a real interest rate in the
cost channel, we choose to maintain a real cost channel specification which is theoretically
more appealing, offers clearer results and, most importantly, finds greater support in our
later estimation.

The central message we want to convey in this section is that the way monetary policy
influences inflation is closely tied to a particular condition involving .., v, and v,. We will
call it the Patman condition after US Senator Patman who argued in the late 1970s that

the Fed’s policy of increasing interest rates could be more of a contributor to inflation than



a cure.”
In an economy given by equations (1), (2) and (3), a marginal increase in the real interest
rate i, — Eym;, 1 has two effects on current inflation 7, holding expectations constant. A direct

effect 7, goes through the impact on the marginal cost. An indirect effect —a,7y, runs through

Yt-

Definition 1. Patman Condition: Current inflation will increase following a rise in real
interest rate, holding expectations constant, if and only if the Patman condition vy, > a,,

18 satisfied.

Accordingly, it is not surprising that the effect of monetary policy on inflation will be
influenced by this condition. It is important to point out that most models with a cost
channel have micro-foundations that rule out the possibility that a,v, < 7, (see Appendix

B). 3 However, this is not the case for the micro-foundations we present in Appendix C.

1.2 The Patman Condition Cannot Hold Globally

The main problem associated with a model in which the Patman Condition holds is that
it can at most be thought of as a local possibility, that is, as a condition that is only
valid over a restricted domain. The easiest way to see this is to consider the case where
a,7, is exactly equal to 7,. Despite being a knife edge case, it helps illustrate the type
of untenable implication one could get by focusing on a linear model with a,v, < v,. In
this knife edge case, a monetary authority could in principle engineer a temporary activity
expansion of arbitrary size without having any effect on inflation. This is certainly not
reasonable as we know that resources are bounded, implying that, at some point, marginal
cost has to increase if interest rates have sufficiently been reduced and activity becomes
sufficiently high. Therefore, the condition «,7, < v, only makes sense, if at all, as a local

condition. There are two ways one could address this. On the one hand, we could stay with

2The view that tight monetary policy could be inflationary was discussed in Tobin [1980]:

“More fundamentally, heretics from the populist Texas Congressman, Wright Patman, to
John Kenneth Galbraith have disputed the orthodoxr view that tight money policies are anti-
inflationary, claiming that borrowers mark up interest charges like other cost.” (page 35)

See also Driskill and Sheffrin [1985] who introduced interest costs into Taylor’s [1979] model of overlapping
wage contracts.
3However, this is not true for larger DSGE models. See for instance Rabanal [2007].



the above linear specification (as implied by the first order approximation of our model)
and discuss implications only for small shocks. The drawback is that it might be hiding
some of the potential constraints on monetary policy and thereby can potentially lead to
very misleading policy prescriptions. On the other hand, we could study the full non-linear
version of our micro-founded model so that the global constraints are made explicit. Here,
the drawback is that it complicates the exposition enormously. We therefore choose to take
an intermediate route. To keep the analysis transparent, we will consider an environment
where we make the relevant global constraints between marginal cost and market tightness
explicit, but we restrict our attention to this one non-linearity. In particular, we will assume

that the marginal cost is of the form:

me; = I(y) + 7 (e — Eymiyn). (4)

In this slight generalization, we are now allowing market tightness, represented by y,
to affect the marginal cost in a non-linear way as captured by the function I'(-). The main
assumptions made on I'(+) are that (i) I''(-) > 0, (i) I''(-) is convex and has its minimum at
0 * and (%) the lim, <o I'(z) = lim, ~ . I'(z) = co. These assumptions imply that the
Phillips curve is upward sloping but flatness occurs near the steady state. Moreover, these
assumptions allow for the possibility of the Phillips being quite flat — and even linear — for
a wide range of 3; around zero, while limiting that such a flatness for extreme values of ;.
In this non-linear environment, our Patman condition needs to be restated as a7y, < 7,
now expressed as a local condition related to the steady state with v, = I''(0). As we want
to consider an environment with only one steady state consistent with 7 = 0, we restrict
our attention to the case where o, I"(0) > (1 — ay)v,. We do recognize that our approach
of introducing a non-linearity in one mechanism only may appear quite arbitrary even if it
allows for simple exposition.” For this reason, in our basic estimations, we will always start
by reporting results based on the standard linear approximation formulation of our model
and examine if the Patman condition holds in that case. Only after that will we examine

whether the condition continues to hold when we allow for non-linearities in the Phillips

“Note that as all variables are in deviations from the steady state, I'(0) = 0.
5This approach of only introducing only one non-linearity is shared with a large fraction of the literature
on the Effective Lower Bound.



curve.

1.3 Implications for Monetary Policy

We first need to emphasize that, as long as monetary policy is conducted in a way that
maintains equilibrium determinacy, the Patman condition does not generally affect how the
economy qualitatively responds to either demand or supply (markup) shocks. In particular,
for a large class of monetary rules, it is easy to show that demand shocks will always cause
both activity and inflation to rise regardless of whether the Patman condition is met or
not. Similarly, cost push shocks will lead to higher inflation and lower activity regardless
of whether this condition is met. This observation is very important as it implies that
the relevance — or irrelevance — of the Patman condition can not be evaluated by simply
examining the qualitative properties of how the economy reacts to such shocks. To see this,
the easiest is to consider demand shocks and markup shocks sequentially. For demand shocks
(d shocks), if the response of monetary authorities is to increase real interest rates but do not
over-compensate by causing a fall in activity (which is the case for a large set of policy rule
including the form i, = E;[myy1] + ¢agd; with ¢4 < a%), then the demand shock will lead to
an increase in both inflation and output regardless of whether the Patman condition is met
or not. For markup shocks (u shocks), if the response of monetary authorities is to increase
real interest rates but do not over-compensate by leading to a fall in inflation (which again
is the case for a large set of rules), then the shock will lead to both an increase in inflation
and a fall in activity regardless of whether the Patman condition is met or not.

We now turn to deriving implications of how different monetary stances affect the prop-
erties of the system given by equations (1), (2) and (3). In particular, we will want to
emphasize how traditionally prescribed anti-inflationary responses to shocks can have qual-
itatively different effects on inflation depending on whether the Patman condition is met or
not. For example, in response to either a supply shock or a demand shock, the standard
prescription for an inflation targeting central bank is to engineer an increase in real interest
rates as to slow down the economy and thereby bring inflation closer to its target. In our
setup, this insight is maintained as long as the Patman condition is not met, as expressed

in Proposition 1. Note that in the following three propositions, we take the economy to be



initially at its steady state.

Proposition 1. Suppose the Patman condition is not met. Then, in response to either a
positive (negative) supply shock or demand shock, engineering a rise (drop) in real interest
rates — as long as it is not too large or too persistent — will always help bring inflation closer

to its target relative to keeping interest rates at their steady state value.

This proposition highlights that the changes we have made relative to a standard New
Keynesian setting — in terms of both the non-linearity I'(-) and the cost channel- do not alter
how monetary policy can be used to help stabilize inflation if the Patman condition is not
met. The content of this proposition is illustrated on Figure 1, where in this figure we plot
inflation at time ¢ as a function of the real interest rate at time ¢ (under the assumption that
this real interest rates is held constant N periods, before returning to zero). The resulting
relationship, which simply combines equations (1) and (2) (for arbitrary processes for u; and
dy), is given explicitly by :

N-1 N—j 00
. 1—a) ™/
T =K g 5]EtF( —ap—— 1+ E OZSEt+N+jdt+N+j+k>

=0 1—ay k=0
+5K Z BN ET ( Z a];Et+N+jdt+N+j+k) (5)
=0 k=0
BN =
TRy -3 T+ ;ﬁjEtum-

The important property of the resulting relationship between 7 and r— as illustrated
in Figure (1) is that it is negatively sloped for all values of r, regardless of the value of
N > 0. Moreover, both demand and supply shocks shifts this curve upwards. Therefore, in
the absence of any move in interest rates, positive shocks to either demand or supply will
increase inflation. Since the slope of the curve is negative, an increase in real interest rates
will act to reduce inflation. As long as this increase is not too large, the resulting increase
in interest rates will help bring inflation closer to its target.

The content of this proposition can also be illustrated in a more familiar way when the

interest rate is determined by a rule of the form r; = v, m;. However, to easily plot this on

SWe need to add the qualifier "not too large” in the proposition because a very large increase in r can
over-compensate the shock with inflation falling below target. See appendix A for more details on the
derivation of Propositions 1 to 3.



Figure 1: m; as a Function of r; when the Patman Condition is Not Met.

Notes: equilibrium relationship between m and ry for periods t to t + N as implied by Equation (5) when
the Patman condition is not met. Point A is the steady state, where the economy was supposed to be before
period t. Consistent with standard New Keynesian theory, the shape of the m; curve is downward sloping
and both positive demand and supply shocks will push the curve upwards. Point B corresponds to a shock
dy >0 or uy > 0. At B, inflation is higher than its target (the steady state). A policy that increases r moves
the economy to point C, where inflation is brought closer to its target. In this case, conventional monetary
policy that increases interest rate will stabilize inflation.



Figure 2: More or Less Reactive Monetary Policy when the Patman Condition Does Not
Hold.

dy > 0 or
pe >0

Notes: the curved lines represent the equilibrium relationship between m; and r; for periods t to t + N as
implied by Equation (5) when the Patman condition is not met. The black line represents a monetary policy
rule of the type ry = Ym;. Point A is the steady state where the economy was supposed to be before period t.
Point B corresponds to the model equilibrium when the economy is hit by a positive supply shock us or demand
shock d; and when the real interest rate is kept constant (yp = 0). Point C corresponds to the equilibrium
after the shock and when ¢ > 0.

a graph, one needs to focus on the case of i.i.d. shocks. In this case, inflation as a function

of interest rates and shocks is simply given by :
m = U(dy — apre) + 9 + pua

We plot both this relationship and the policy rule in the (r, 7) space in Figure 2. Note that
the policy rule r; = ¢m; is vertical if ¢ = 0 and rotates as policy gets more aggressive due
to a higher 1. This implies that inflation will always be more stable in response to shocks if
1 is bigger. This is consistent with Proposition 1 and is well known.

In contrast to Proposition 1, the role of monetary policy in stabilizing inflation is not so
straightforward when the Patman condition is met. In this case, the easiest is to start by
focusing on an economy that has been hit by a supply shock. We then have the following

proposition.
Proposition 2. Assume the Patman condition is met. Then, in response to a supply shock,

10



engineering a rise in real interest rates that is either too small or not sufficiently persistent
will push inflation further away from its target relative to keeping real rates at their steady

state value.

The proposition indicates that, if monetary policy does not take a sufficiently aggressive
stance in response to a supply shock, then doing nothing may be better at stabilizing inflation
than increasing interest rates timidly. This reflects what we propose to call the ”Go Big or

" To see why this is the case, it is

Stay Home” implication of the Patman condition.
helpful to visualize how the Patman condition changes the relationship between inflation
and real interest rates as graphed previously in Figure 1 in the (r,7) space. In particular,
Figure 3 plots this relationship for the case where the Patman condition is met. In this
figure, all shocks are set to zero and the real interest rate is assumed to be set to r for N
periods and then to zero thereafter (as in Figure 1). When the Patman condition is met,
the relationship between inflation and real interest rates will generally be non-monotonic
as illustrated in Figure 3. Most importantly, it becomes positively sloped near zero if N is
not too large (which is the implicit assumption behind the figure). In fact, if the condition
a,yy > (1 — ay)7, holds with equality, then this non-monotonicity holds for all finite values
of N. In this set-up, a supply shock shifts this curve upwards while always maintaining a
positive slope at zero. Therefore, following a supply shock, a marginal increase in interest
rates will increase inflation instead to decreasing it. However, if the increase in interest
rates is large enough, we enter a region of the curve where higher interest rates have the
traditional effect of lowering inflation. In other words, for large enough movements in real
rates, we come back to the conventional result that increasing interest rates after a supply
shock helps to stabilize inflation. When the Patman condition is met, the increase in real
interest rates needs to be sufficiently large to help the inflation targeting objective. It is
also the case that, when N becomes sufficiently large, the relationship between inflation and

real interest rates can reverse slope if a,y, > (1 — ay)7..® Hence, another way of making

"Underlying our ”Go Big or Stay Home” principle is the assumption that the only choice following a
positive shock is to either increase interest rates or keep them unchanged. However, if this were not the case,
an inflation targeting central bank could actually want to reduce interest rates in response to a small supply
shock.

8As N goes to infinity, the slope of the relationship between inflation and real rates evaluated at r = 0

—a,.I(0)

becomes equal to —T=a, + Y .
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Figure 3: m; as a Function of r; when the Patman Condition is (Locally) Met.

Notes: equilibrium relationship between m; and r for periods t to t + N as implied by Equation (5) when
the Patman condition is (locally) met. In contrast to Figure 1, the my curve’s slope becomes locally positive
around the steady state. As the magnitude of T increases, the slope becomes negative again. Point A is the
steady state, in which the economy was supposed to be before period t. As before, a positive supply shock
we > 0 shifts the curve upwards. Point B corresponds to a shock ps > 0. Considering monetary policy,
point B represents keeping real interest rate at its steady state level, point C represents a slight interest rate
increase in response to the supply shock, and C’ stands for our “Go Big” monetary policy (large change in
interest rate). We observe that a small rise in interest rate increases inflation rather than stabilizing it.

sure that an increase in real interest rates leads to a fall in inflation is for the increase to
be perceived by agents as being very persistent, which has a flavor of “forward guidance”
policy. Therefore, “Going Big” to stabilize inflation should be interpreted as either a large
enough or a persistent enough increase in real interest rates. If too small or too short-lived,
an increase in real interest rates following a supply shock will push inflation away from its
target instead of towards it.

Once again, one can visualize part of the content of the proposition by focusing on the case
of ani.i.d. shock and a standard policy rule of the form r, = 1.2 This is illustrated in Figure
4 for an i.i.d. supply shock. Here, supply shocks always push inflation upwards, moving the
economy along the policy curve r; = ¢m;. The size of the inflation response depends on . As

we can see in Figure 4, starting from ¢ = 0, increasing 1 will actually destabilize inflation

1
Yy +yr

9We are restricting our attention to the case where 1) < to ensure equilibrium determinacy.
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Figure 4: More or Less Reactive Monetary Policy when the Patman Condition Holds (locally)
and Shocks are Either Small or Large.

Tt T
4 Ty = Ymy '
Ty = Pmy
B C
C
we >0
A
> >
\ Ty Tt
>/Lt >0

Notes: the curved lines represent the equilibrium relationship between m; and 1+ for periods t to t + N as
implied by Equation (5) when the Patman condition is locally met. The black line represents a monetary
policy rule of the type ry = Yme. The left panel corresponds to a small supply shock s while the right panel
plots a large supply shock. Shocks are i.i.d. In both panels, point A is the steady state, where the economy
was supposed to be before period t. Point B corresponds to the model equilibrium when the economy is hit by
a positive supply shock p: and when the real interest rate is kept constant (3p = 0). Point C corresponds to
the equilibrium after the shock and when ¢ > 0.

instead of stabilizing it.! The intuition for why a standard anti-inflationary prescription
might destabilize inflation instead of helping stabilize it is rather evident. Recall that the
Patman condition relates to the property that the direct effect of an increase in interest
rates is larger than the indirect effect. Hence, in a zone where the Patman condition is met,
increases in interest rates have the opposite effect than what is traditionally predicted. The
traditional assumption is that the indirect effect always dominates the direct effect, with the
later often assumed to be zero.!!

In the case of demand shocks, the simple prescription of increasing interest rates in

response to a positive shock to help stabilize inflation will again not hold in general when

the Patman condition is met. However, expressing this property is slightly more involved

10With a policy of the form 7, = ¥, a higher ¢ will tend to destabilize inflation in response to small
shocks but tend to help stabilizing inflation in response to big shocks.
Tn the canonical New Keynesian model there is not direct effect.

13



than in the case of supply shocks. This is because, even if the condition —a,7vy, + v > 0
is satisfied, it may be the case that, for a sufficiently big demand shock, we have that
—a,I"(d;) + v < 0. Hence with demand shocks, one has to consider the size of the shock to
know whether increasing interest rates is likely to help stabilizing inflation. This is expressed

in Proposition 3.

Proposition 3. Assume the Patman condition is met and that the demand shock is neither

t.'2 Responding to this shock with a rise in real interest rates that is

too big nor too persisten
either too small or not sufficiently persistent will push inflation away from its target relative

to keeping real rates at their steady state value.

Compared to our previous figures, the added complexity is that demand shocks do not
simply induce a vertical translation of the curve without shocks. Instead, demand shocks
trigger a shift up and a movement to the right. Accordingly, if a demand shock is big or
persistent enough, the rightward translation will cause the slope of the relationship between
inflation and real interest rates evaluated at » = 0 to be negative even if it was positively
sloped for d = 0.1

Part of Proposition 3 can again be understood in the (r,7) space, assuming the central
bank sets the interest rate to r for N periods and returns it to zero afterwards. Starting
from the steady state, a shock that is not too large will shift up the inflation schedule
while its slope remains positive at r = 0. Hence, following this type of demand shock,
small increases in interest rates will bring inflation further away from its target than if
the central bank had kept interest rates unchanged. It would then be preferable to “Stay
Home” by keeping interest rates at steady state value instead of generating small interest
rates increases. However, the central bank always has the option to “Go Big” and increase
interest rates sufficiently to actually bring inflation closer to its target. In this sense, the
idea “Go Big or Stay Home” still applies for demand shocks when they are not too large.

However, note that when “Going Big”, the central bank needs to increase rates sufficiently

12Tf we assume that demand shocks follow the first order process d; = pd;_1, then the relevant condition

on demand shocks for Proposition 3 is d; being smaller than d defined by —a,I” (1_7‘(1[)) + v > 0.
v
13Note that if I is close to zero for a wide range of y values, then demand socks would not directly affect
inflation much. In such a case, the main relationship between demand shocks and inflation would reflect

how monetary policy reacts to these shocks as opposed to the effects of the shocks themselves.
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to induce a net contraction in activity (y; < 0), otherwise the rise will not help to stabilize
inflation. This may be unrealistic as it is unlikely that a central bank would want to be that
aggressive. Therefore, in response to small demand shocks, “Staying Home” may be seen
as the desirable strategy for an inflation targeting central bank. In other words, when the
Patman condition holds, it may not be desirable to respond to small demand shocks by fine
tuning the economy, as this is more likely to destabilize inflation.

In contrast, if the demand shock is large enough, the slope of the m(r) will become
negative at » = 0. In this case, we are back to a more standard result pattern, as a small
increase in real interest rates can now help push the inflation rate towards its target. Hence,
with large demand shocks, “Go Big or Stay Home” does not exactly hold. Nonetheless, it
remains the case that there exists a set of timid interest rate responses that would be worse
in terms of inflation than “Staying Home”. For this reason, when the Patman condition
holds, one strategy to help inflation stay close to its target following demand shocks would
be to ”Stay Home” in response to small shocks and, to change interest rates substantially in

response to large demand shocks (while still avoiding timid middle grounds).

1.4 Missing Deflation and Low Inflation Trap

In this section we want to illustrate how a country can get trapped in a situation where
simultaneously interest rates are at the ELB, inflation is below target and unemployment
is below its steady state value. In particular, we want to emphasize how this situation can
arise when monetary authorities depart from their traditional rules after a period of ELB
constraint and low inflation — either to undo past inflation misses or simply to quickly bring
inflation closer to its target.

To simplify exposition, we will assume that we are in a case where I" is zero over a
sufficiently wide interval around the steady state so that we can treat I'(y;) as zero. This
extreme assumption of a perfectly flat Phillips curve in a neighborhood of the steady state is
not necessary for the point we want to make but it simplifies our presentation substantially.
We also assume that the only shock present is an i.i.d. demand shock, again for clarity of

exposition. Note that in this case, all expected terms will be zero.
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Under the iid assumptions, inflation is simply given by:

m = BEym1 + (1 — Eymygr),

= Vrlt-

We call this economy an extreme Patman economy. By contrast, the inflation equation in a

standard New Keynesian economy will be:

T = BEm1 + Yy,

= VyYt-

In both economies, the Euler equation can be written as

Yt = ayEtyt+l - ar(it - Et7rt+l) + dta

= —O[rit + dt'

Finally, assume that the traditional monetary stance is to decrease real interest rates when

demand falls, so that the desired policy rate would be to set:
Z? = Et’ﬂ't+1 + @Z)ddt, ’l/)d > 0. (6)

However, this policy is constrained by the ELB, which we denote by ¢z, so that the policy

nominal rate is :

ir = max {if,i}. (7)

Since variables are expressed in deviation from their steady state value, ¢ < 0.

Missing deflation :  Suppose the extreme Patman economy faces a temporary demand
shock in period ¢ and the monetary authorities follow the policy in (6) and (7). If the shock
d; = —d < 0 is not too large in absolute terms, the ELB will not bind, and monetary
authorities will decrease the interest rate to the level i, = —)4d, so that v, = —(1 — a,.14)d
and 7, = —v,14d. The slope of the observed Phillips curve will be oV = % = % Note
that the apparent slope is a function of the monetary policy stance 4.

Assume now that the demand shock is negative enough for the ELB constraint to be

binding and 7, = i = —d(d)ved, where §(d) is comprised between zero and one and is
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inversely related to the bindingness of the ELB constraint (§(d) = 1 if the constraint is

not binding). In this case, it is easy to compute the apparent slope of the Phillips curve,

I(d)yrtbg
1-6(d)artpg

apparent slope of the Phillips curve will be constant and equal to 7,

o= < oV, as long as §(d) < 1. In contrast, in the New Keynesian economy, the

In a extreme Patman economy, the period of mild deflation at the ELB could easily be
mis-interpreted as an episode of missing deflation. In particular, if the monetary authority
uses the past (linear) historical relationship between inflation and activity to predict how
inflation should react in this episode, the fall in inflation when hitting the ELB would be
smaller than predicted. This reflects the fact that, when the ELB is not constraining,
inflation falls less in proportion to the demand shock than in normal times. This is the
case because interest rates cannot fall as much. Therefore, when there is a cost channel to

monetary policy, a period of perceived missing deflation at the ELB is readily explained.

Low Inflation Trap : Let us now consider a slightly different policy stance which can
lead to poorer inflation outcomes despite looking more aggressive by design. Such a policy
will be very much in line with the one suggested by Ben Bernanke in a blog post on the

Brookings website:

“To be more concrete on how the temporary price-level target would be communi-
cated, suppose that, at some moment when the economy is away from the ZLB, the Fed
were to make an announcement something like the following:

- The Federal Open Market Committee (FOMC) has determined that it will retain its
symmetric inflation target of 2 percent. The FOMC will also continue to pursue its bal-
anced approach to price stability and maximum employment. In particular, the speed
at which the FOMC aims to return inflation to target will depend on the state of the
labor market and the outlook for the economy.

- The FOMC recognizes that, at times, the zero lower bound on the federal funds rate
may prevent it from reaching its inflation and employment goals, even with the use of
unconventional monetary tools. The Committee therefore agrees that, in future situa-
tions in which the funds rate is at or near zero, a necessary condition for raising the

funds rate will be that average inflation since the date at which the federal funds rate
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first hit zero be at least 2 percent. Beyond this necessary condition, in deciding whether
to raise the funds rate from zero, the Committee will consider the outlook for the labor
market and whether the return of inflation to target appears sustainable.” (Bernanke

[2017], italics added by Bernanke)

We model such an idea in the following way. Consider the extreme Patman economy
described in the previous paragraph. The desired policy stance is assumed to remain
z'f = FEymi1 + Y4d; in normal times. However, normal times are here defined in a slightly
stricter way than previously. They correspond to either (i) when the interest rate was not at
the ELB last period or (ii) when the interest rate was at the ELB last period but m;—; > 0.
In abnormal times, when both i;_y = 7 and m;_; < 0, the rule is to set interest rates at the
ELB, i; = . Policy is then given by:
i, — { max {wdt,g} in normal times, i.e. when [i;_; > @] or [i;_1 =i and m_1 > 0],
i if [i;1 =1 and m_1 < 0].

This policy corresponds to keeping interest rates lower than standard policy when the
economy has recently been at the ELB and inflation has been below target. From a standard
perspective, this approach may seem aggressive as it is potentially correcting for low inflation
episodes by keeping interest rates at the ELB even if the state of the economy would push the
standard policy stance to increase interest rates. This type of policy can lead to situations
where, in the absence of any new shocks, the policy rate gets stuck at the ELB even after
the negative demand shock that initiated the ELB episode has dissipated. Such a situation
is plotted in Figure 5, where we display responses of the nominal policy rate, the output gap
and inflation to a negative demand shock that occurs in period 1 and puts the economy at
the ELB. When the above described aggressive policy is followed, inflation is stuck below
target and unemployment is above its steady state value.'* The economy could potentially
remain stuck in such a low inflation trap until a sufficiently big supply shock pushes inflation

up and leads to a re-normalization of policy.'?

140ne of the reasons monetary authorities may be tempted by this policy is the fear that inflation becomes
unanchored after a period of low inflation at the ELB. However, if the Patman condition is met, it is precisely
following this policy that might trigger a de-anchoring of inflation expectations.

15Note that even if in this example we have a policy prescription somewhat similar to those associated with
Neo-Fisherian view, the mechanism is very different. In particular, in the current framework, the inflation
trap can arise even if inflation expectations remain well anchored. The main mechanism is not through
expectations but thought the cost channel.
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Figure 5: Inflation Trap with an Aggressive Monetary Policy.
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Notes: this figure plots responses of the nominal policy rate, the output gap and inflation to a negative demand
shock that occurs in period 1 and puts the economy at the ELB. In each panel, the light line corresponds to
a normal policy while the dark one represents the aggressive policy stance. See main text for the definition
of those two policies. With the aggressive policy, equilibrium values of inflation and activity/unemployment

after the demand shock has dissipated are, for t > 2, m = %g <0, 0 —m = %g < 0 and
— —a, 1-8 .
Y = ma ot > 0.
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1.5 Monetary Shocks

Up to now, we have focused on the effects of the systematic part of monetary policy rules
and we have not considered the effects of pure monetary shocks. To look at this issue, it
is preferable to extend the model slightly to allow for some internal dynamics in order not
to focus on knife edge cases. The easiest way to do this is to allow for external habit in

consumption. In this case, the Euler equation for consumption takes the form®¢
Yr = oy p By + a1 — o (iy — Eympgr) + dy.

Now consider a monetary shock that aims to increase real rates for a while. For instance,
this would be the case of an interest rate rule of the form ¢, = Eymiq + vy, vy = putis—1 + €ty
where €, is the monetary shock. In this case, it is clear that a tightening of monetary policy
will lead to a persistent decline in economic activity as long as either p, or a,; are not equal
to zero.

Inflation response to such a monetary shocks is slightly more complicated because of the
non-linearity in the Phillips curve and the possibility that the Patman condition holds. The
presence of the cost channel will potentially cause the emergence of a price puzzle in response
to a monetary shock, i.e. inflation can rise on impact after a monetary contraction before
declining below zero at later dates. The occurrence of a price puzzle following a monetary
shock is not surprising in environments where the Patman condition is met. However, the
more interesting observation is that the length of the price puzzle will vary depending on both
the persistence of the shock (p,), the size of the shock and the extent of internal dynamics
(i.e. the size of o). In order to get a better sense of these forces, it is helpful to consider
the effects of a temporary change in interest rates of size r occurring at time 0. In this case,
inflation for ¢ > 0 is given by:

o0

T = Z (BT(—a,A'r)) + v,
i=0

T = ZﬁiI‘(—ar}\tHr),
=0

16To avoid a unit root associated with real interest rate rules, we are again assuming that 1 — oy, 5 — ayp
is greater than zero but can be arbitrarily close to zero.
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Figure 6: Impulse Responses to a Monetary Shock when the Patman Condition Holds (for
Various Persistence of the Shock, Linearized Model).

Yy T
0 \ 0.3 \ ‘ ‘ ‘
- e ,, = ()
02+ Pv = .6 |
-05 r 1 ,01/ — .89
0.1
qtk
IS X 0 — =
-1.5 ¢
-0.1+
L — ), = 0 |
2 oy = 6 02+
py = .89
2.5 : : : -0.3 : : : :
0 10 20 30 40 50 0 10 20 30 40 50
Periods Periods

Notes: This shows the response of y and w to a 1% shock to the real interest rate. The model is linearized.

t . t
Solutions are yy = \ys—1 — a";"'f 1_;1”)\2,1 and T = vy Z;io B Yy + ’le_pp#;l- The parameters values for

these responses are f = .99, oy ¢ = ayp =.99/2, ap = .1, 7y = .02, 7. = .2 and p, € {0,.6,.89}.

where \ is the stable root of the polynomial o, ;X? — X + «ay;. Here there would be a
price puzzle in period 0 if Y (8T(—a,A'r)) + ~,7 is greater than zero. The condition
Yoo (BT (=0, X'r)) + 7, > 0 is the natural extension of the Patman condition for the case
when there is external habit. Note that the basic Patman condition —a,v, +7, is a necessary
condition for the price puzzle but is not sufficient. With a purely temporary increase in 7,
the price puzzle lasts one period in this case. After one period, inflation drops below steady
state inflation and then converges back to its steady state value from below. In Figure 6, this
response is displayed in dark grey. We also plot responses to a mildly persistent and very
persistent shock. When persistence is mild, one observes several periods of “price puzzle”
while there are none in the case of a more persistent shock. Note that output gap decreases

in all scenarios.

1.6 Summary

In this section we explored some theoretical implications of an environment where there is a
cost channel of monetary policy and where the Phillips curve is relatively flat. We showed

that, when the Patman condition is met, one can understand situations like missing deflation

21



at the ELB or the possibility of a low inflation trap. In the next two sections, we explore

the empirical relevance of the Patman condition.

2 Estimating the Phillips Curve with Unrestricted Cost
Channel

In this section, we explore properties of the New Keynesian Phillips curve when interest rates
are allowed to directly affect real marginal costs. We do so by using the limited information-
single equation approach initiated in the New Keynesian literature by Roberts [1995] and
Gali and Gertler [1999]'7. While there is a substantial body of literature that allows for
a monetary policy cost channel, most papers impose parameter restrictions which rule out
by assumption the Patman configuration that is of interest to us. Therefore, our objectives
in this section are threefold. First, we want to examine, within the confines of the New
Keynesian Phillips Curve, whether interest rates have significant direct effects on inflation.
Second, we want to examine whether the omission of interest rates in the estimation of the
New Keynesian Phillips curve may have biased other parameters, especially the importance
of market tightness. Third, we want to focus on a non-linear version of the Phillips curve
where the effects of market tightness on inflation are allowed to vary depending on how far
the economy is from its steady state. Finally, and most importantly, we want to look at
whether the direct channel of monetary policy on inflation (ie. the direct effect of interest
rates) is large in comparison to the more standard indirect channel (i.e. working through
market tightness) when the economy is near its steady state. To achieve this, we will focus

on two specifications: a linear and a non-linear version.

2.1 Linear Specification

We start by focusing on the linear specification as to both emphasize the first order forces we
estimate to be at play in the determination of inflation and to allow for an easy comparison

to the literature. The linear specification corresponds to the the first order approximation

17See the surveys of Nason and Smith [2008] and Mavroeidis, Plagborg-Mgller, and Stock [2014].
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of the model derived in Section 1, that is:*®
T = BTin + Y@+ V(i — Tpq) + 02 + pu, (8)

where as before 7y, is expected inflation, x, is a measure of market tightness, i, represents
the nominal interest rate, p; is a markup shock and z; are other factors which may influence
inflation. Note that all the variables are demeaned, so that there is no constant term in the
equation.

It is worth immediately noting that, from an estimation point of view, the distinction
between whether one should allow real interest rates or nominal interest rates in this equation
is irrelevant. Both lead essentially to the same regression up to a recombination of terms.
We will return to this point later when discussing the interpretation of coefficients.

There are many data choices associated with estimating Equation (8). In our baseline
results, we use quarter-to-quarter headline CPI as our measure of inflation (in appendix E, we
report results using Personal Consumption Expenditures inflation and the Gross Domestic
Product deflator). As our measure of market tightness, we use either the unemployment gap
or the output gap as measured by the U.S. Congressional Budget Office. For our measure of
the interest rate we use the Federal Funds Rate. For expected inflation we follow two strands
of the literature. We either use survey information or we impose rational expectations. When
using survey data, we exploit the Michigan Survey of Consumer expectations.’® In z we
include the real price of oil and its lag.?’ Further details on the data used can be found in
Appendix G. The sample we focus on covers the period from 1969 to 2017.%.

The biggest challenge in estimating (8) relates to endogeneity of the regressors. The lit-
erature has addressed this in different ways, and it remains a difficult issue. In our case, the
endogeneity problem is compounded by the fact that we allow for interest rates to have a di-

rect effect on inflation, knowing very well that the setting of interest rates is likely responding

18Notice that we normalize the coefficient attached to the marginal cost, s = 1, as it is not separately
identifiable from v, and ,. However this is not restrictive for our case as the value of  is irrelevant when
considering Patman condition, which is about the ratio V—z

19See Coibion, Gorodnichenko, and Kamdar [2018] for a recent overview of the literature that uses survey
data in the estimation of Phillips curves.

20The real price of oil is calculated as the spot price of crude oil deflated by core CPI. We generally include
2 lags of the real price of oil as regressors unless only one is significant.

21We start in 1969 as this is the start of the identified monetary shocks isolated in Romer and Romer
[2004], which are key to our identification strategy.
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to inflation. For this reason, in all our estimations we will treat interest rates as endoge-
nous and follow Barnichon and Mesters [2019] in using identified monetary policy shocks as
instruments. In particular, we will use 6 lags of of the monetary policy shocks isolated in
Romer and Romer [2004] (hereafter R&R shocks) and their squares as instruments.”? To
present results in the clearest fashion, we will proceed by steps where we sequentially treat

more variables as endogenous and correspondingly add more instruments.

Table 1: New Keynesian Phillips Curve with Headline CPI, 1969-2017.

Emyq Michigan Survey
Gap minus Unemployment gap Output gap
(—u) ()
(1) (2) (3) (4) (5) (6)

B 0.99°%  0.98%*  0.96* 0.95"*  0.957* (.95
(0.043)  (0.043)  (0.020) (0.020)  (0.021) (0.020)

Y 0.17*  0.15*  -0.01  0.02 001 0.02
(0.062)  (0.067) (0.057) (0.054)  (0.038) (0.036)
Y 0.20°%  0.20*  0.20™* 0.20~
(0.029) (0.028)  (0.028) (0.027)

Observations 196 196 196 196 196 196
J Test 0.368  7.661  7.887 7.963  8.248
(ip) (0.544)  (0.865) (0.895)  (0.846) (0.876)
Weak ID Test 1964.109 72238 69.417  59.038 51.323

Notes: column (1) corresponds to OLS; in column (2) we use two lags of corresponding gaps as IV for the
gap; in columns (3) and (5) we use six lags of the monetary shocks with their squares as IV for the real rate,
gap is not instrumented; in columns (4) and (6) we use siz lags of monetary shocks with their squares and
two lags of gap as IV for both gap and real rate.

In Table 1, we provide a first set of estimates of (8) where we measure expected inflation
using survey responses obtained from the Michigan Survey of Consumers.?. In this table,

we follow Coibion, Gorodnichenko, and Kamdar [2018] and treat expected inflation as an

22The original Romer and Romer’s [2004] shocks series ends in 1996. We instead use the shocks series
extended to 2007 by Wieland and Yang [2020]. For post 2007 quarters in our baseline sample, we patch the
series with zeros as in most of these periods nominal interest rate was at zero lower bound. Our results are
not affected if we use a subsample from 1969 to 2007, as shown in Table E.6.

23In the Michigan Survey of Consumers, every month a representative sample of consumers are asked the
following question: “By about what percent do you expect prices to go (up/down) on the average, during the
next 12 months?” The answer to this question is then the one-year-ahead inflation expectation denoted as
Eymiiat. To keep consistency with the quarter-to-quarter inflation we use in the estimation, we rescaled
the one-year-ahead expected inflation assuming survey respondents believe that quarter-to-quarter inflation
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exogenous regressor. In column (1) we report the OLS regression of inflation on consumer’s
expected inflation and on a measure of market tightness. In the first four columns of this
table, we are using the negative of the unemployment gap as our measure of market tightness,
while in columns (4) and (5) we use the GDP gap as the measure of market tightness. In
line with results in Coibion, Gorodnichenko, and Kamdar [2018], we see in Column 1 that
market tightness is a significant determinant of inflation with a coefficient of .17. In the
second column, we repeat the same exercise but now treat the market tightness measure
as endogenous and follow Gali and Gertler [1999] in using lags as instruments.?* In both
these first two columns of the table we are not including interest rates in the regression.?”
In Column (3), we now include the real interest rate as an additional regressor and use
identified monetary shocks as instruments. Here, the real interest rate is calculated as the
nominal rate minus expected inflation obtained from the Michigan survey.?® In this column,
we are only instrumenting the real rate of interest. As we can see, the real rate is entering
the equation with a positive and highly significant coefficient. Moreover, the inclusion of
the real rate drastically changes the coefficient on market tightness. This later coefficient
becomes essentially zero. In column (4), we now instrument both the real interest rate and
the market tightness measure. For this, we are using both the identified monetary shocks and
the lags of the unemployment rate as instruments (results with alternative instrument sets
are available in Appendix E). Columns (5) and (6) replicate the IV regressions of columns
(3) and (4) but now using the output gap as our measure of labour market tightness. This
table suggests a clear pattern whereby real interest rates affect inflation much more than
labor market tightness. In particular, when real interest rates are included, the effect of
market tightness on inflation is estimated to be close to zero.

Table 2 is a continuation of Table 1 where the main difference is that we now treat

follows an AR(1) process with persistence p, so that:

Et7Tt+4,t
141+ p+p*+p?)’

Emip1,: =

We obtain an estimate of p by an AR(1) regression using headline CPI.

24We are using two lags of the of unemployment gap as instruments.

25Recall that in all regressions, we are including the real price of oil and its lags as regressors.

26When we assume rational expectations and use 7;,1 as our measure of expected inflation, we also use
mey1 in the construction of the real rate.
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expected inflation as being potentially endogenous and therefore in need of instrumentation.

In this table, all three key variables are being instrumented. As before, the instrument set

Table 2: New Keynesian Phillips Curve with Headline CPI, Instrumented for All Regressors.

B Michigan Survey Rational Expectations
Gap —u Y —u Y
DR EENE) (4)
B 0.96*  0.96*  0.86** 0.87*
(0.023) (0.024) (0.034) (0.034)
Yy 0.04 0.02 0.04 -0.01
(0.051) (0.037) (0.082) (0.054)
Vr 0.18*  0.187*  0.22"* 0.217*
(0.028) (0.027) (0.037) (0.037)
Observations 195 195 196 196
J Test 9.220 9.423 9.773 10.036
(ip) (0.866) (0.854) (0.834) (0.817)

Weak ID Test 50.007  42.885  33.500 34.746

Notes: in columns (1) and (2) we use the Michigan Survey of Consumers as measure of expected inflation;
in columns (3) and (4) we use realized headline CPI under the assumption of Full Information Rational
Ezxpectations. Columns (1) and (3) use negative unemployment gap as measure of market tightness; columns
(2) and (4) use output gap. All regressors are instrumented.

consists of identified monetary shocks and lags of the market tightness measure. To this
set, we add two lags of inflation to help identify the effect of expected inflation. In the first
two columns of the table, expected inflation is taken from the Michigan survey, while in the
third and fourth column we assume full information rational expectations and use realized
inflation at t+1 as our measure (with error) of expectations. The columns (1) and (3) use the
negative of the unemployment gap as our measure of labor market tightness, while columns
(2) and (4) use the output gap.?” The results in this table are very similar to those in Table
1. In all cases, we see that with the inclusion of the real interest rate, market tightness
tends to have a coefficient very close to zero while real rates have a coefficient close to .2.
Recall that the Patman condition is satisfied if the real interest rate effect on inflation is

greater than the effect of market tightness multiplied by the elasticity of aggregate demand

2"In the appendix we re-estimate this table allowing for the first lag of inflation to enter directly in the
equation. This specification is often referred to as a hybrid Phillips Curve.
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to interest rates. Since the latter is almost always estimated to be smaller than 1 (and in
the next section we estimate it to be significantly below 1), the coefficients in Table 1 and 2
suggest that the Patman condition is easily met when looking at the linear approximation
of the model.

Before turning to the estimation of a non-linear specification, it is interesting to note
that, in Table 1 and 2, our finding of a very weak effect of market tightness on inflation is
not driven by recent data only. It has been widely noticed that the Phillips curve may have
become quite flat over the last three decades. The results of Table 1 and 2 could therefore
be thought as mainly reflecting this change. However, this inference would be inappropriate.
For instance, even if we constrain our estimation to the period 1969-1992 — which is thought
to be a period with a steeper Phillips curve — we get very similar results to that observed
over our longer sample. In this shorter sample, we find that, in the absence of real interest
rates, the estimated effect of market tightness on inflation is almost twice as larger as in
the longer sample. However, once we include interest rates (and instrument them using

monetary shocks), these coefficients drop very close to zero. These results are reported in

Table 3.28

2.2 Non-linear Specification

In this subsection, we extend the results of Table 1 and 2 by allowing the effect of market
tightness to enter in a non-linear fashion in order to be in line with the model presented in

Section 1. To that effect, we estimate the following equation:

T = By + YyaTe + Yy 2Ty + Yya®p + Wi — Thoy) + 0z + pue, (9)

Once again, the main challenge in estimating this type of equation relates to the potential
endogeneity of regressors. To address this issue, we proceed with a stepped approach similar
to that taken in the linear case. All results in Table 4 use the unemployment gap as the
measure of market tightness. In Table 5 we repeat Table 4 but we use the output gap as the

measure of market tightness. In these two tables we use the data from the Michigan survey to

28In Table 3 we use the (negative of the) unemployment gap as our measure of labor market. We get very
similar results if we use the output gap.
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Table 3: New Keynesian Phillips Curve with Headline CPI, 1969-1992.

Emy Michigan Survey
Gap —u Y
O ©® O G ©
I5; 0.83** 0.777* 1.137* 1.10™* 1.08*  1.127*
(0.081) (0.060) (0.051) (0.053) (0.045) (0.041)
Yy 0.41**  0.49** -0.16 -0.08 -0.03 -0.07
(0.167) (0.121) (0.109) (0.105) (0.051) (0.048)
Vr 0.30*  0.29*** 0.28**  0.30"**
(0.037) (0.038) (0.033) (0.027)
Observations 96 96 96 96 96 96
J Test 0.330 6.318  6.735 6.570 7.427
(ip) (0.566) (0.934) (0.944) (0.923) (0.917)
Weak ID Test 664.800 60.771 46.328 45.963  25.810

Notes: in column (1) we use OLS; in column (2) we use two lags of corresponding gaps as IV for the gap;
in columns (3) and (5) we use six lags of monetary shocks with their squares as IV for the real rate, gap is
not instrumented; in columns (4) and (6) we use siz lags of monetary shocks with their squares and two lags
of gap as IV for both gap and real rate.

measure inflation expectations. In Appendix E.3, we include corresponding tables where we
instead impose rational expectations and use realized inflation as a proxy for expectations.
Column (1) of Table 4 reports the OLS estimation of our non-linear specification when we
omit the real interest rate as an additional regressor. Column (2) adds the real interest rate
while still estimating by OLS. Column (3) treats the real interest rate as endogenous and
uses identified monetary shocks as instruments. Column (4) treats both the real rate and
the market tightness measure as endogenous, while Column (5) instruments all the variables
in the table. Since we are allowing market tightness to enter in a non-linear fashion, the only
change we make relative to previous instrument sets is to include the square and the cube
of the two lags of market tightness when treating market tightness as endogenous. There
are two main observations to take from Table 4. First, when including real interest rates in
this non-linear specification, we find that the linear coefficient on market tightness is now
slightly negative although not generally significantly different from zero. These estimates
imply that the Patman condition, when evaluated near the steady state, is met. Second,

when we include real interest rates, there is evidence of non-linearity and in particular there
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Table 4: New Keynesian Phillips Curve with Headline CPI, Using u, 1969-2017.

Gap: —u OLS 1A

Emiyq @ Michigan Survey (1) (2) (3) (4) (5)

I6] 0.997*  0.977* 0.95** 0.957* 0.95*
(0.043) (0.030) (0.021) (0.021) (0.024)

Yyl 005 -0.12 -0.13  -0.15* -0.12
(0.138) (0.114) (0.096) (0.087) (0.087)

Vy.2 0.06*  0.05™  0.04™  0.04* 0.05*
(0.026) (0.024) (0.021) (0.022) (0.024)

Vy.3 0.02 0.03**  0.02**  0.03** 0.03**
(0.016) (0.012) (0.009) (0.010) (0.010)

Vr 0.15* 0.207*  0.20"* 0.18**

(0.030) (0.029) (0.029) (0.028)

Observations 196 196 196 196 195

J Test 8.032 9.469  10.361

(jp) (0.841) (0.893) (0.888)

Weak ID Test 68.599 62.382  43.087

Notes: in column (3) we only instrument for the real rate with siz lags of monetary shocks and their squares;
in column (4) we instrument for both real rate and non-linear terms of gaps, with two lags of the gap and
siz lags of monetary shocks and their squares; in column (5) we instrument for all regressors by adding two
lags of the Michigan survey to the IV set.
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Table 5: New Keynesian Phillips Curve with Headline CPI, Using y, 1969-2017.

Gap: y OLS v

Emiyq @ Michigan Survey (1) (2) (3) (4) (5)

6] 1.00™*  0.96"* 0.947* 0.93"* 0.94**
(0.045) (0.028) (0.022) (0.022) (0.025)

Yo 0.03  -0.14" -0.14* -0.12* -0.10*
(0.070) (0.065) (0.053) (0.053) (0.052)

Vo2 00l 001 001  0.02* 002~
(0.011) (0.009) (0.007) (0.008) (0.008)

Vy3 0.01* 0.0 0.0 0.0 0.01**
(0.003) (0.003) (0.002) (0.003) (0.003)

o 0.18* 0.22* 0.21™ 0.19"

(0.028) (0.029) (0.026) (0.027)

Observations 196 196 196 196 195

J Test 8.223  9.375  10.403

(jp) (0.829) (0.897) (0.886)

Weak ID Test 57.009 32.569 26.103

Notes: in column (3) we only instrument for the real rate with siz lags of monetary shocks and their squares;
in column (4) we instrument for both real rate and non-linear terms of gaps, with two lags of the gap and
siz lags of monetary shocks and their squares; in column (5) we instrument for all regressors by adding two
lags of the Michigan survey to the IV set.
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is evidence that the cube of labor market tightness enters significantly.?” Finding a significant
effect of the cubic term is relevant because it suggests that, if the economy is far enough
from its steady state, monetary policy’s effects on inflation return to being more standard —
even if the Patman condition is valid near the steady state.?”

To gain more insights on the non-linearity implied by Table 5 estimates, Figure 7 plots
m — BEymq as a function of real interest rates. To do this, we need to know how labor
market tightness is responding to interest rates. To this end, we assume that market tightness

responds to auto-correlated changes in interest rates with elasticity «, and autocorrelation

Qr

coefficient p,.. In that case, we have y = —

r. In figure 7, we set o, = .1 (as estimated
in the next section) and p, = .9 (to capture the common persistence of real rates). With
these parameter estimates, we see on the figure that the total effect (both direct and indirect
effects) of the real interest rate on inflation is positive when the real interest rate is within
a range of roughly -300 basis points to 400 basis points around its steady state value. This
suggests that changes in interest rates within this range do not have the standard effect
on inflation. Instead, they work in the opposite direction. Hence, if an inflation targeting
monetary authority is constrained to move only within such a limited range (possibly due to
the ELB), responding to shocks by keeping interest rates at their steady state value (“Staying

Home”) instead of moving them would be a better strategy to keep inflation close to target.

2.3 Nominal versus Real Interest Rates?

So far, we have presented theory and data that emphasize the impact of the real interest
rate on the marginal cost and thereby on inflation. However, in most of the literature on the
cost channel of monetary policy, it is the nominal interest rate that is highlighted to affect
inflation. As noted previously, in terms of Phillips curve estimation, this distinction does not

matter as both approaches lead to the same estimating equation. However, by focusing on

29We also explored for potentially non-linear effects of interest rates. However, we did not find any evidence
to support them.

30Finding significance for higher order terms of labor market tightness also sheds light on why estimations
of the Phillips curve with typical linear specifications usually find a smaller slope in post 1990s samples.
Omitting higher order terms of the gap will induce a bias in the estimates on the linear part of the gap.
Therefore, the larger (and positive) the non-linear gap magnitude is in the sample, the higher the estimated
slope will be for linear Phillips curve. For this reason one should expect to obtain a steep Phillips curve with
pre-1990s samples (where gaps are typically large in absolute values), and to find that the Phillips curve
becomes “flatter” in later samples (when economic activity gets less volatile).
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Figure 7: The Estimated Non-Linearity.

AL ]

Ty — 5Et7Tt+1
)
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|

Notes: this figure shows the shape of the inflation-real rate curve implied by the non-linear New Keynesian
Phillips curve. We use estimates from column (3) in Table 4 to plot the left-hand-side variable 7, — Brg, 4
as a function of real interest rate iy — wg, . We obtain very similar graph when using estimates in columns
(4)-(5) from either Table 4 or 5.

estimated coefficients, especially the coefficient on expected inflation, one can get a sense of
whether a real interest rate or a nominal interest rate interpretation is preferable. One of the
implications of the New Keynesian Philips curve literature is that the coefficient of expected
inflation should be close to agents’ discount factor. Given the fact that we use quarterly
data, this would suggest a coefficient of expected inflation close to .99. In our estimations
of the Philips curve that include real rate — looking through Tables 1, 2, 4 and 5 — we most
often observe coefficients on expected inflation that are around .95 and that not significantly
very different from .99. However, if we were to adopt a nominal rate specification, then
we would need to subtract the coefficient we found for real rates (which is around .2) from
the coefficient we estimated for expected inflation. This would imply that the coefficient on
expected inflation in a nominal cost channel specification would be around .75 instead of
around .95. This would be quite far from theoretical predictions. For this reason, we believe

that the real rate specification is better supported by the data.

2.4 Summary

Estimations of New Keynesian Phillips curves with a real interest rate cost channel have
shown consistently that (i) the coefficient on the gap ~, (the “slope” of the Phillips curve)
is very small, sometimes negative and often non-significant, (i) the coefficient on the real

interest rate ~, enters positively and significantly in the equation, (i) ~, is always greater
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than ~,, so that the Patman condition is satisfied for any value of «, smaller than one. We

now move to the Full Information estimation of the model presented in Section 1.

3 Structural Estimation

The goal of this section is to estimate our simple extended three-equation New Keynesian
model, where we do not a priori take any stance on whether parameters satisfy the Patman
condition. Our objective is to see whether the Patman parameterization may offer a better fit
to the data than more standard parameterizations implicit in most New Keynesian models.

We immediately want to emphasize how we choose to address estimation, and especially
evaluating whether o,y, < 7,, given that in the previous sections we sometimes allowed for
['(+) to be non-linear. To remain close to much of the literature, we focus on estimating
the linear approximation of the model and consider the resulting parameter estimates as
informing on whether the Patman condition is operative near the steady state. This is in

line with standard inference.

3.1 The Estimated Equations

The initial model we want to estimate includes the following two equations
Y = oyByfyn] — o iy — Eymga]) + dy, (EE)

T = BEmn] + k(e + 1 (ie — Bimigal)) + e, (PC)
where d; and p; are assumed to be independent AR(1) processes. Here we are expressing
market tightness by y, which should be interpreted as labor gap. Since in our simple frame-
work the labor gap and the output gap are interchangeable, we chose to express market
tightness by y to remind the reader of this property.

We choose to close the model with the following class of policy rules:
iy = Ey[mia] + ¢ady + e + vy (Policy)

This class of policy rules is attractive as it minimizes difficulties associated with indeter-
minacy while simultaneously being very flexible as it allows monetary policy to react to

the state space of the system. With such a real rate rule, the equilibrium is determinate
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as long as |a,| < 1. In the baseline estimation, we assume quasi-no Euler discounting by
setting oy, = .99. Note that in this policy rule, v, will represent monetary shocks that we
also assume to be AR(1). In Appendix D, we prove that for any monetary rule that reacts
to current endogenous variables and that guarantees determinacy of equilibrium — which
includes the typical Taylor rule estimated in the literature — equilibrium allocations can be
replicated with our class of policy rules.®! Estimating a model with our policy is therefore
not restrictive, and nests a Taylor rule specification.

The model is a simple linear system of three equations in three unknowns: y, 7 and i.
As such, this system has low dimension, is entirely forward looking and is unlikely to fully
capture the rich dynamics of the economy. An attractive feature of using such a simple
model is that all the mechanisms at play can be understood easily. The drawback is that
it may be an over-simplification. We believe that it is a useful starting point as it allows
us to ask whether the simple narrative of a striped down New Keynesian model offers a
better interpretation of the data than what could be offered by a Patman parametrization—

a parameterization that is generally not considered in the literature.

31Tt is important to note that our estimation results do depend on the specification of the policy rule.
There are several reasons why we believe that a policy rule iy = Ey[mi11] + ¢pady + ¢pupe + v4 (a real rate
rule that reacts only to shocks, or for short “Real rule” rule) is a better option than a more traditional
rule of type i = 4@,y + ¢xmr + v¢ (Taylor Rule). First, as it has been illustrated in Section 1, a Real
rule makes the New Keynesian model nicely recursive as the Euler Equation and the Policy Rule pin down
y and r while the Phillips curve residually pins down 7. This makes the model mechanisms — following a
shock or for different stances of policy — much more transparent. Second, it does not constraint the model
estimation and, if the policy rule actually implemented is a Taylor rule, then the estimation will not be
biased. This is what we prove in Appendix D. In a set of Monte-Carlo experiments, we have used a Taylor
rule model as the Data Generating Process and estimated on simulated data a model with either a Taylor
rule or a Real rule. All the model parameters are well estimated with either of the two rules, which is
not surprising given Appendix D theoretical result. More interesting, when the DGP features a Real rule,
the model estimated with a Taylor rule might be biased. This is the case, as the DGP allocations might
correspond to a Taylor rule that does not guarantee determination, and would therefore have been ruled out
int the estimation procedure — e.g. when using DYNARE. Furthermore, for the estimated Real model, it is
indeed the case that the corresponding Taylor rule produces indeterminacy, so that all parameters are biased
when estimated under a Taylor rule (see Beaudry and Portier [2020] for more details on this). Third, it is
not obvious that a Taylor rule is always and everywhere an accurate description of how monetary policy is
actually implemented. For instance, Debortoli, Galf, and Gambetti [2019] argue that in periods where non
conventional monetary policy is used, a short interest rate Taylor rule might not be the best description of
Monetary policy implementation. The advantage of the Real rule is that it can accomodate many different
implementation of monetary policy. Finally, it is reassuring to find that in our extended model with a Real
rule, the Phillips curve estimates on v, and v, are in line with those obtained in Section 2.
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3.2 Estimation, Identification and Sample Period

We begin by estimating the above model on post-war U.S. data. We follow a classical
maximum likelihood method. As commonly done in the empirical macroeconomic literature,
we calibrate some parameters. First, one cannot separately identify x, v, and ~,. Instead
we can only get estimates of k7, and xv,. Without loss of generality, we therefore normalize
k = 1 when estimating over one sample period. We set 5 to .99, which is in line with large
parts of the literature. Our results are not sensitive to changing  around this level. We set
ay t0 .99, so that although there is almost no discounting in the Euler equation, the model
is always determinate.

Our initial data sample is for quarterly U.S. data over the period 1957Q3-2008Q4 and our
measure of interest rates is the Federal Funds rate. For inflation, we use Core CPI growth
rate. For the gap variable y, we use the opposite of the unemployment gap, as computed
by the Congressional Budget Office. This estimation is referred to as the baseline one. In
Appendix F, we present results from estimating the model with different samples (including
the ZLB period), different measures of inflation (GDP deflator or Headline CPI) and using

the output gap. All estimations are performed using DYNARE.??

3.3 Results

Table 6 presents the baseline estimation of our forward-looking sticky prices model. In this
estimation, parameters pq, p, and p, are restricted to be in the unit interval. The first thing
to note from the table is that the signs of the estimates are the expected ones. Monetary
policy is observed to increase interest rates in response to demand shocks (¢4 > 0) and to
decrease it in response to cost-push shocks (¢, < 0). The estimated value of o, is low,
which is in line with recent evidence from micro data obtained by Best, Cloyne, Ilzetzki,
and Kleven [2020]. Finally, the Phillips curve slope (7,) is not significantly different from
zero and smaller than the real interest rate channel (v,.), which is positive and significant.
Henceforth, the Patman condition is significantly satisfied. This simple model estimation
confirms what we have found in the previous section: New Keynesian Phillips curves are

flat, but have a strong, positive and significant cost channel.

32Gee Adjemian et al. [2020]
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Table 6: Estimated Parameters, Simple Model, Baseline.

o 0.01 o4 0.03
(0.01) (0.01)
v 0.02 o, 0.36
(0.03) (0.06)
Y 0.05 o, 0.24
(0.02) (0.09)
§Z5d 0.38 Pd 0.94
(0.14) (0.03)
¢, -0.73 p, 0.74
(0.08) (0.05)
pv 0.98

(0.01)

Patman 0.05
(0.02)

Notes: this table shows the estimated coefficients of equations (EE), (PC) and (Policy) with unemploy-
ment gap, Core CPI and using the sample 195703-2008Q4. Parameters 8 and o, are not estimated
and set to .99 and .99. Parameter x is normalized to one. Standard errors are between parenthesis.

The estimated value of ~, (0.05) is significant but lower than in the Phillips curve es-

timates of Section 2 (about 0.2). This might be the consequence of estimating a purely

forward model that is extremely constrained. In order to loosen those constraints, we extend

the model to add some internal propagation mechanisms.

3.4 Extending the Model

We now consider an extended version of our baseline model where we now allow for internal

propagation mechanisms in the three equations. To that effect, we follow the literature and

introduce habit persistence, hybrid Phillips curve and persistence in the policy rule. The

derivation of the Euler equation and Phillips curve are presented in Appendix C.

The model now writes:

Yo = Oy (ay,fEt Y1) + (1 — ay,f)?/t—l) — ap(iy — By[miqa]) + dy,
™ = 5((1 — By) B[] + Bbﬂ't—l) + K(Vyyt + Yy Y1 + V(i — Et[ﬂﬂ])) + [t

iv = Em] + orp (Z‘tfl — Etfl[ﬂ—t]) + OrpTe—1 + Py p¥e—1 + Pady + Qi + vy

(EE)
(PCY)

(Policy’)

With habit persistence, past output also enters in the marginal cost. In order to facilitate
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comparison with the Phillips curve estimations of Section 2, we present present estimates of
the Phillips curve where we do not include lagged market tightness in the marginal cost —

i.e. we use the Phillips Curve equation of the form:

T = 5((1 — B) Et[meqa] + 5b7rt71) + H(’Vyyt + (i — Et[TrtJrl])) + pt; (PC”)

In Appendix F, we show that results are unaffected when we estimate the model with
(PC?) rather than (PC”). The policy rule includes past real interest rate on top of all the
states of the economy — i.e. {dy, s, Ve, m—1, Yi—1}-

We estimate the extended model using Bayesian estimation. As we have five more pa-
rameters than in the simple model, a classical maximum likelihood method would become
a nonlinear optimization problem that is quite unstable. We therefore perform a Bayesian
estimation, as in this case the use of prior distributions over the structural parameters makes
this optimization more stable in that case. In Appendix F.1, we present the choice of priors
and show detailed results such as parameters priors and posterior distributions. Table 7
presents the parameters estimates.

Parameters are well identified and have the expected sign. Interestingly, at the median
of the posterior distribution, the slope of the Phillips curve v, is essentially zero while the
cost channel 7, is significant and equal to .15 — which is closer to the values we found in the
previous section when we estimated the Phillips curve alone. In Appendix F, we show that
the results we found here are robust to choices of samples and variables. Once again, the

parameters configuration is such that the Patman condition is met.

4 Conclusion

During the last two decades prior to the Covid-19 pandemic, the behavior of inflation has
been puzzling in several countries. First, during 2008-09 recession, inflation fell by less than
anticipated given the depth of the recession. This became known as the missing deflation
puzzle. After that, the puzzle reversed with inflation generally remaining below target in
many countries despite the experience of historically low rates of unemployment. This in turn
became known as the missing inflation puzzle. Both these puzzles could reflect a relatively flat

Phillips curve. This paper builds on this observation and goes a step further by exploring the
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Table 7: Estimated Parameters, Baseline.

o' 0.01 Pd 0.01
[0.00, 0.03] [0.81, 0.90]

Yy -0.04 Pu -0.04
[-0.21, 0.03] [0.62, 0.78]

Yr 0.14 Pu 0.14
[0.05, 0.47] [0.90, 0.96]

Od 0.25 o 0.25
[-0.08, 0.50] [0.01, 0.09]

bp -0.73 Or b -0.73
[-0.85, -0.63] [-0.07, 0.09]

(oF)} 0.04 Cbr,b 0.04
[0.03, 0.05] [0.16, 0.46]

o, 0.50 Q. f 0.50
[0.36, 0.82] [0.65, 0.73]

oy 0.21 Oyb 0.21
[0.07, 0.31] [-0.01, 0.42]

Patman 0.11
[0.05, 0.43]

Notes: This table shows the posterior median estimates of the coefficients in equations (EE’),
(PC”) and (Policy’) using unemployment gap, Core CPI and the sample 195703-2008Q4. Pa-
rameters B and o, are not estimated and set to .99 and .99. Parameter k is normalized to
one. The posterior distribution is obtained using the Random Walk Metropolis Algorithm with
two chains of 1,000,000 draws each and discarding the first 500,000 draws of each chains. The
numbers between brackets represent the 95% confidence band using the posterior distribution.
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monetary policy implications of a locally flat Phillips curve when a cost channel of monetary
policy may also be present. We show how standard prescriptions for monetary policy may
need to be modified in such an environment. In particular, to keep inflation close to its
target, we argue that a central bank may not want to fine tune monetary policy by reacting
to both small and large shocks in the same way. In response to small shocks, keeping real
interest rates unchanged may be the best way to keep inflation close to its target, whereas
in response to large shocks, the best reaction my be to follow more standard prescription
by increasing (decreasing) real interest rates in response to positive (negative) demand or
supply shocks. One of the interesting features of this framework is that it offers a simple
explanation to why and when a country may find itself trapped for a considerable amount of
time at the ELB with inflation below target and employment above its steady state value.
A large part of the paper has been devoted to show that the condition under which these

features arise are supported in US data.
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Appendix

A Steps in the Derivation of Propositions 1 to 3

In Propositions 1 to 3, we discuss the consequences on {ytﬂ,wtﬂ}]‘?‘;o of the following interest
rate policy: r¢4; = r Vj € [0,N — 1], r.4; = 0 ¥t > N and for an arbitrary sequence of shocks

{ditj, 1453520
Using (2)-(3), the real rate policy and substituting forward, we obtain, for t < j < N — 1:

N—j 00
Yiyj = —Qp (Z aé) T+ Zal;Etdt+j+k. (A.1)
k=0 k=0

N—j
lfay

l—ay

For j > N, when r reverts to zero, we have:

o
Yerj = >0 Brydi g (A.2)
k=0

Plugging these expressions in the Phillips curve (1) and solving forward, one obtains equation (5)
in the main text:

N-1 ' 1— aij o)
Tt =K Z 5]Etr< —ap—L—r+ Z aZEt+N+jdt+N+j+k>

j=0 1—ay k=0
o0 ) o0
+K Z BN BT ( Z OéZEt+N+jdt+N+j+k> (5)
=0 k=0
— BN .
R — 5 r—l—z;)BJEtutﬂ».
]:

In order to understand the logic of Propositions 1 to 3, it is useful to write the local approxi-
mation of (5) when I'(y) =~ v,y:

N-1 1— Z]/V*j 1— BN
= 'Vya’”;) I—a, "1-5)"
A(N) (A.3)
o0 o0 o0
+rYy Z B E, (Z a];Et+jdt+j+k) + Z B9 Eyjig ;.
j=0 k=0 Jj=0

A(N) is the slope of the m — r locus for given shocks. If the increase in interest rate lasts for one
period (N = 1), then A(1) = v, — a,7y, which is exactly the expression in the Patman condition.
Therefore, the slope will be positive if the Patman condition holds and negative if it does not. For
N > 1, we have:

N-1 N—j N
11—« 1-p
A(N) = —ypyar § L . (A.4)
, 1—« 1-p
7=0 ————
B(N) C(N)



B(N) and C(N) are two terms that increase with N at different speeds. Depending on the relative
speed, A(N) can change sign when N increases. Hence the condition on the persistence of the r
increase in Propositions 1 and 2.

In Proposition 1 the Patman condition is assumed not to holds. Therefore, the non-linearity
cannot change the sign of the » — 7w locus. From (5), one can easily check that an increase in d or
1 pushes inflation up while a simultaneous increase in r pushes it down.

Proposition 2 and 3 assumes that the Patman condition holds and are local results. When shocks
and real interest surges are small and not too persistent, one can think of the local approximation
Equation (A.3) as correct, and the results are immediate. When shocks are shocks are large , one
needs to notice that the » — 7 locus changes slope sign.

B The Patman Condition in Standard Cost Channel
Models

Here we explore two simple models that are typical references for New Keynesian models with
a cost channel, namely Ravenna and Walsh [2006] and the no-capital version of Rabanal [2007]
proposed by Surico [2008]. Note that in those models, it is the nominal interest rate that enters
the marginal cost and not the real interest rate. However, the Patman condition is computed
holding expectations fixed, so that real and nominal rates move as one. Also note that the Patman
condition is a necessary condition for inflation to increase following an rise in the interest rate when
expectations are not held constant. If the Patman condition does not hold, then inflation will never
respond positively to monetary tightening when the monetary shock is persistent.

B.1 Ravenna and Walsh [2006]

Cl—a N1i+n

T—o X1

Firms must borrow the wage bill at the nominal interest rate. Preferences are . Euler

equation and Phillips curve are given by:
1.
Yt = Eyir1 — ;(Zt — Eymiq1),
e = BEim1 + k(0 + n)y + Kiy.

The Patman condition writes 'WY—T > ap, with v, = k, v = k(0 + 1) and o, = % Patman condition
Y

implies U%m > % It cannot hold as > 0. Therefore, the Patman condition is never satisfied.

B.2 Surico [2008]

Here, only a fraction 6 of firms need to borrow the wage bill in advance. Euler equation and Phillips
curve are given by:

1,
Yyt = By — ;(Zt — Eymiqa),
= BEm 1 + k(o + )y + k0.

The Patman condition writes %; > ap, with v, = 0k, v, = k(o + 1) and o, = % The Patman

condition implies J%m > %. A lower bound of the right-hand side is attained at # = 1. In that
case, the Patman condition cannot hold as n > 0. This implies that the Patman condition cannot

hold for values of 8 lower than one. Therefore, the Patman condition is never satisfied.
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C Model Microfoundations

C.1 Discounted Euler Equation Specification

The derivation of the discounted Euler equation relies on two sets of assumptions. First, because
of asymmetry of information and lack of commitment, individual households will face an upward
sloping supply of funds when borrowing. To maintain tractability, we will consider an equilibrium
in which agents never default, so that the income and wealth distributions will have a unique mass
point. For exposition simplicity, we will derive the main features of the equilibrium in a two-period
model and explain why the extension to an infinite horizon is trivial. Second, we will assume a
particular timing of income and expenditure flows. Those two assumptions will allow us to derive
a discounted Euler equation.

C.1.1 A simple two-period model with asymmetric information and lack of
commitment

We consider a deterministic mode with two periods. There are two types of households and a zero-
profit risk neutral representative bank that has access to an unlimited supply of funds at cost R.
Households receive no endowment in the first period, and w in the second period. The consumption
good is the numéraire.

Some households (superscript ¢) have access to commitment and always repay their debt while
other households (superscript nc) cannot commit to repay. Type is not observable. Because of this,
the risk neutral bank will want to charge a risk premium on its loans. More specifically, the bank
proposes to the households a schedule R(d) that is increasing in the level of debt d.

Preferences over consumption are given by u(c1) + Bu(cz). Households also bear an additively
separable utility cost of defaulting ¢)(d) which is an increasing and convex function of the amount
of defaulted debt.

When households borrow (as they will always do under regularity conditions on preferences u),
they will consume (c1,c2) and their debt is d = ¢;. Committed type households maximize their
utility under the budget constraint ca = w — R(c1)c1. Their optimal choice for ¢; satisfies

W (¢5) = B(R(e) + R'(c§)ef ) (w = R(5)). (C.5)

The non-committed type households optimally decide whether they will default (superscript d)
or not (superscript nd) in period 2, and this choice can be made in period 1 because there is no
uncertainty in this example. If they repay (no default), non-commited households behave as the
committed type, so that
ne,nd c

Cl — Cl'
If they default, then they will borrow (in period 1) as much as they need to equalise marginal utility
of consumption with marginal psychological cost of default. The optimal choice will then satisfy:

(%) = ! (), (C.6)
ne,d

while ¢, " = w.
The optimal decision to default or not depends on the direction of the following inequality:

u(e) + Bu( — R(ep)ef) 2 uef™) + Bul) — v
if default

if no a;fault
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For given u(-), 5 and w, there is always a psychological cost function (-) such that household of
the non-committed type choose to behave as committed households. In this case, we have a pooling
equilibrium in which all households behave the same and in which there are no defaults. From the
bank’s zero-profit condition, we should have R(c§) = R (as there is no default). This condition
is the only restriction put on the R(-) schedule, so that any off-equilibrium belief R'(-) > 0 is
consistent with a no default pooling equilibrium.

Extension to an infinite horizon model : If we assume that past actions (default or
not) are not observable, the logic of the two-period model still holds in a standard infinite horizon
model. With asymmetric information on the household types (access or not to commitment), one
can sustain an equilibrium with no default with the following properties: (i) households always
make the same consumption and saving choices (no observed heterogeneity), (i) there is no risk
premium on the interest rate in equilibrium and (i) households consistently face an upward sloping
interest schedule R(b). The interest of this modelling is the absence of observed heterogeneity that
allows for a simple solving of the model.

C.1.2 Household’s problem with upward sloping interest schedule.

There is a measure one of identical households indexed by 7. Each household chooses a consumption
stream and labor supply to maximizes discounted utility Eo Y o 8°Ci—1(U(Cit) — v(Lst)), where ¢
is a discount shifter.

We split each period into a morning and an afternoon. There is no difference in information
between morning and afternoon. In the morning, household ¢ must order and pay consumption
expenditures P,Cj and cannot use previous savings to do so. Household ¢ must therefore borrow
D{\t{rl = P,Cj units of money (say dollars) at a nominal interest rate zg that, for the reasons
mentioned above, will depend on her total borrowing in period ¢ (hence the subscript 7). In the
afternoon, household ¢ can borrow D;@ 1 for intertemporal smoothing motives, receives labor income
WL and profits from intermediate firms €);; and must repay principal and interest on the total
debt inherited from the previous period (1 +ifl )(DM + D#). The morning budget constraint is
therefore given by:

D}l = P.Cy,

and the afternoon budget constraint writes:
Doy + Wil + Qi = (1 + 4 (DM + D).
Putting these together, we obtain the following budget constraint for period ¢:
DA, + WL+ Qu = 1+ DA+ (14 )PyCiy_y.

As there is no new information between morning and afternoon, the interest rate zg faced by
household i is a function of the total real net debt subscribed in period t. We write it as a premium
over the risk-free nominal rate:

DX, + Dj DA
1l = (141ir) <1+p<”+1pn+l>> = (1+1y) <1+p<Cit+;+1 ,
t t

with p >0, p > 0 and p” > 0.
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The decision problem of household ¢ is therefore given by:

maxz B¢_1E [U(Cit) - V(Lit)]’

t=0
st Dy +Wilin+ Qi = (L+if_)Di + (1 +il{_y) PiCiy,

Dijpi
L+iff = (Q+i)(1+p|Cu+ ;j :
t

The first order conditions (evaluated at the symmetric equilibrium in which D{} 1 = 0 Vi)
associated with this problem are:

U'(Cr) = gftlEt U(Crr)(1+ i) (1+ p(Ch) + Cip (C1) PZ—I]
I/,(Lt) . Wt
u(c,) P

1—-0o
Assuming that consumption utility is CRRA (U(Cy) = Cltj), the Euler equation can be log-

linearized to obtain (omitting constant terms and using C; = Y;) :
Yt = ayEifyen1] — an(ie — Ex[mep]) + di,

C(2p"+Cp"
6]0,1[7 aT:ﬁEp >07 Ep:% > 0 and

dy = U+€ (log ¢ —log ¢t—1). This give us equation (EE) in the main text.

where y is the log of Y and with o, =

ote

C.1.3 Adding habit persistence

(Cit—yCi—1)'7°

Assume that utility is — v(Lj). Note that we assume external habit. The first order

1—0o
conditions (evaluated at the symmetric equilibrium in which Dﬁ 1 = 0 Vi) become:
-0 _ Ct —c . P;
(Ct =7Ci1)™7 = BB |(Crpa —vCr) ™7 (1 +ir) (1 + p(Cy) + Cip' (Cy)) , (C.7)
Ct—1 Py
V’(Lt) Wt
= —, C.8
(Ct —vCi—1)7° P (C8)

and the log-linearized Euler equation writes:

Y = oy 1By ] + aypyi—1 — o (i — Ey[ma]) + dy.

C.2 Derivation of the Augmented New Keynesian Phillips Curve

The introduction of the real interest rate in the marginal cost of firms is not new (Christiano,
Eichenbaum, and Evans [2005], Ravenna and Walsh [2006]). However, the twists we introduce here
allow for arbitrary elasticities of the marginal cost with respect to respectively the real wage and
the real interest rate. In what follows, we present the derivation of the marginal cost, that can be
done considering the static optimal choice of inputs.
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C.2.1 Production

Each monopolist produces a differentiated good using a basic input as the only factor of production,
and according to a one to one technology. The marginal cost of production will therefore be the
price of that basic input. It is assumed that the basic input is produced by a representative
competitive firm. The representative firm produces basic input ); with labor L; and the final good
M; according to the following Leontief technology:

Qt = min(a@tLt, bMt)

As in the main text, we assume that ©; is constant and normalized to one. The optimal production

plan implies Q; = alL; = bM;, so that the optimal input demands are L; = % and M,; = %.

Denote by C(Q;) = WLy + &, M; the total cost of production, where the exact expression of ®; will
be derived later. Using the optimal input demands, we obtain:

c@) = (" + ) e

so that marginal cost is
Wy @

C'(Qr) = -t

Log-linearizing the above gives the following expression of the real marginal cost, where the variables
are now in logs and where constant terms have been omitted:

w o
mep = (Wi%) (we — pe) + (Wi%)> (D¢ — pr).

C.2.2 Derivation of the cost &,

The unit price of the final good that enters the production of basic input is P;. We assume that, in
the morning of each period, the basic input representative firm must borrow DEH at the risk-free
nominal interest rate i; to pay for the input M;. In the afternoon, it produces, sells its production,
pays wages, repays the debt contracted the previous period DtB and distributes all the profits QtB
as dividends. Those profits will be zero in equilibrium. The period ¢ budget constraint of the firm
is therefore: N

DEH + P,Qi = WiL; + (1 +4;1)DP + P M,

with D, = P,M,. Period ¢ profit writes:
OF = PQi — WiLy — (1 +i—1) Py My,

where P, is the price of the basic input. Assuming that the firm maximizes the expected discounted
sum of profits real profits QF /P, with discount factor 3, and using Q; = aL; = bM;, we obtain the

first order condition: W 8 .
= + it
=+l |- )P
t <Pt b t[1+77t+1]> '

Therefore, the real marginal cost of the basic input firm will be given by:

W, I5] 1+ :|
MCy=—+=FE | ———|.
t P, b t|:1+77't+1
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The price of the basic input ﬁt is equal to the nominal marginal cost of the basic input firm and is
also equal to the marginal cost of the intermediate input firm (which is the relevant one for pricing
decisions). In logs, the real marginal cost will write (omitting constants):

C.2.3 Pricing

As in the standard New Keynesian model, intermediate firms play a Calvo lottery to draw price
setting opportunities. Except for the use of the basic input, the modelling is very standard. The
optimal household labor supply, that we will derive later, will give us:

I//(Lt) _ %
Uu(cy) P’

which writes in logs, using C; = aL; and omitting constant terms:

ooy — <Ly”(L) CU”(C’)) )

V(L) U'(C)

As C, =Y, = al4, the marginal cost does not depend on the scale of production and is the same
for all the intermediate input firms. It is written as

. ('(L) CU"(C)
mct‘”y< V(L) ~ U(C)

Yy

> ye + v (i — Ey[miqa])

The rest of the model is standard, and we obtain the New Keynesian Phillips curve:
T = BE[mi41] + K mep + pu.
Plugging in the expression for the real marginal cost, we have:
Ty = BE[miq1] + FG(’Yyyt + ¥ (it — Et[ﬂtﬂ])) + -
This give us equation (PC) in the main text.

C.2.4 Adding habit persistence

When habit persistence is added, labor supply depends on current and last period consumption
(see section C.1.3). The Phillips curve writes :

7 = BE[mi] + F»(vyyt + Yypyi—1 + v (it — Eg[mey1]) ) + pu.
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D Equivalence of Different Forms of Policy Rules

For generality, the proof is written in a model with three shocks (demand, markup and money). We
show below that two classes of policy rules can replicate the same allocations. Those two classes
are a standard Taylor rule:

it = Oyt + Gnme + 1, (D.9)
and a real interest rate rule:

i = Et [7Tt+1] + wddt + ¢Mut + ¢th. (D.lO)

Below are the elements of the proof. It is without loss of generality as long as the Taylor rule
is restricted to produce a determinate equilibrium.

The Euler equation and Phillips curve of our extended sticky prices model can be written as:>3

X, = AE[ Xy 1] + B(it - Et[XtH]) + 08, (D.11)

where X; = (y¢, m)’, St = (dy, e, )" and each shock x € {d, p, v} follows x; = pyai_1+e,¢. Denote
R the diagonal matrix with the persistence parameters p, on the diagonal, with |p,| < 1. Let’s
also define K = [0 1] so that Ei[mi41] = K E¢[Xi41].

Solution under a Taylor rule (D.9): Note that policy rule (D.9) can be written:
i =®X; + JS; (D12)
with ® = (¢, ¢r) and J = [0 0 1]. Plugging (D.12) in (D.11), we obtain:

X; = -B®) YA-BK)E[X;1]|+ (I —-B®)Y(BJ+C)S (D.13)
A B

We assume that the standard Taylor rule is restricted to give equilibrium determinacy, so that the
eigenvalues of A are inside the unit disk.

Solving forward, we obtain :

1=0

F(®)

Under the assumption that the equilibrium is determinate, Y o A'BR? converges and F(®) is well
defined.

Solution under the real interest rule (DD.10): The policy rule (D.10) can be written:
it — Ex[me1] = [ Yuiu] St (D.14)
)4

Plugging (D.14) in (D.11), we obtain:

X, = AE,[X,11] + (BU + C) S,. (D.15)
~—_———

B

33This does not cover the case where «, is exactly 1. We can easily generalize the following analysis for
this case.
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Solving forward, we obtain:

1=0

X, = (i AZER%’) S,

F(V)

with U = (¢4, 1, ¥y). VU is uniquely defined given that A has its eigenvalues inside the unit disk
as long as |ay| < 1.

Equivalence: Policy rules (D.9) and (D.10), which are respectively characterized by the param-
eters ® and ¥, will give similar allocations if:

Given a standard Taylor rule with parameters ® that guarantees determinacy, the mapping F
is typically invertible.AOne can recover the equivalent real interest rule with parameters ¥, that
will be given by ¥ = F~1(F(®)).

E Phillips Curve Estimation

In this appendix we include a set of additional estimation results for our single equation estimation
of the Phillips Curve.

E.1 Hybrid Version of the Phillips Curve

In Table E.1 we extend the entries of Table 2 in the main text to include one lag of inflation. This
type of specification is generally referred to in the literature as a hybrid specification of the Phillips
curve, which is our case takes the form:

e = Brmipy + Bome1 + Yyre + e (it — ) + (E.16)

The lag term of inflation has been justified in the hybrid New Keynesian Phillips curve by either
assuming some form of indexation (e.g. Christiano, Eichenbaum, and Evans [2005]) or assuming
the presence of rule-of-thumb behavior in price-setting (e.g. Gali and Gertler [1999]).

E.2 Estimating the Phillips Curve with Alternative Measures of
Inflation

In this subsection, we consider three measures of inflation other than headline CPI which we used
in our baseline specification: (1) Headline PCE; (2) GDP Deflator and (3) Core CPIL

As these alternative measures of inflation are not usually addressed in surveys of expectations,
we focus here only on estimation the Phillips curve under rational expectations. In other words,
we use one quarter forward inflation in place of expectation, in both computation of real interest
rate and New Keynesian Phillips curve itself. Table E.2 below summarizes the results with these
three alternative measures of inflation. We report results with the negative of the unemployment
gap as our measure of labor market tightness in odd columns and we use the output gap in even
columns.
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Table E.1: Hybrid New Keynesian Phillips Curve with Headline CPI, Instrumenting for all
Regressors.

B Michigan Survey Rational Expectations
Gap —u Y —u Y
O IS (1)
By 0.98**  0.98"*  0.59"** 0.58"*
(0.061) (0.061) (0.058) (0.055)
B -0.02 -0.02 0.26*** 0.29***
(0.059) (0.058) (0.061) (0.061)
Yy 0.05 0.02 0.09 0.03
(0.050) (0.036) (0.064) (0.045)
Vr 0.18**  0.187*  0.18™** 0.17
(0.032) (0.032) (0.048) (0.047)
Observations 195 195 196 196
J Test 9.601 9.887  11.509 10.524
(ip) (0.844) (0.827) (0.716) (0.786)

Weak ID Test 42.584 40.804 20.513 16.983

Notes: in columns (1) and (2) we use the Michigan Survey of Consumers as measure of expected inflation;
in columns (3) and (4) we use the realized headline CPI under the assumption of Full Information Rational
Ezpectations. In columns (1) and (3), we use negative unemployment gap as measure of labor market
tightness; in columns (2) and (4) we use the output gap. All regressors are instrumented.
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Table E.2: New Keynesian Phillips Curve with Different Measures of Inflation, 1969-2017.

Em1 =FIRE HL PCE GDP Deflator Core CPI
—u Y —u ) —u Y
(1) (2) (3) (4) (5) (6)
B 0917  0.91 0.977 098" 0.90** 0.90"*
(0.025) (0.026) (0.023) (0.024) (0.035) (0.034)
Yy -0.01 -0.04 -0.01 -0.03 -0.08 -0.07*
(0.051) (0.034) (0.042) (0.029) (0.058) (0.040)
Yr 0.117*  0.11*  0.07** 0.07* 0.257* (.24

(0.017) (0.016) (0.017) (0.016) (0.029) (0.029)
Observations 196 196 196 196 196 196
J Test 9.311 9.369 8.139 7.905 12.205 12.499
(ip) (0.861) (0.857) (0.918) (0.928) (0.663) (0.641)
Weak ID Test  63.756 61.337 59.938 52.241 87.591 57.467

Notes: in columns (1) and (2) we use headline CPI; in columns (3) and (4) we use GDP Deflator; in
columns (5) and (6) we use Core CPI. We use negative unemployment gap in odd columns and output gap
in even ones. All regressions include real oil price and its lags. Oil price is not significant when Core CPI is
used. Identification is under the assumption of Full Information Rational Expectations (FIRE). We use our
baseline set of instruments: two lags of the gap and corresponding inflation measure, six lags of monetary
shocks and their squares.
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E.3 Non-linear Specification of the Phillips Curve under Rational
Expectations

In this subsection, we report estimates of our non-linear specification, equation (9), under the
assumption of rational expectations. In Table E.3 and E.4, columns (1) and (2) present results
for the baseline specification (Equation (9)) while columns (3) and (4) report results for a hybrid
extension where we include one lag of inflation. We treat the lag of inflation as an exogenous
regressor in the two tables. In Table E.3, we use negative unemployment gap as measure of labor
market tightness, whereas in Table E.4 we use output gap.

Table E.3: New Keynesian Phillips Curve with Headline CPI, 1969-2017.

using —u non-hybrid Hybrid
Emy =FIRE (1) (2) (3) (4)
B or B¢ 0.86**  0.83"* 0.59"* 0.58**
(0.034) (0.033) (0.059) (0.056)
B - - 0.28*  0.26™*
(0.066) (0.061)
Yy -0.24%  -0.23  -0.08 -0.09
(0.123) (0.114) (0.115) (0.117)
Vy.2 -0.01 0.00 -0.01 0.00
(0.026) (0.023) (0.022) (0.020)
Vy.3 0.02* 0.03** 0.01 0.02*
(0.012) (0.012) (0.010) (0.011)
Yr 0.227*  0.25"*  0.177*  0.21"

(0.036) (0.034) (0.049) (0.047)
Observations 196 196 196 196
J Test 9.821 11.520 10.441 12.565
(ip) (0.775) (0.828) (0.729) (0.765)
Weak ID Test  36.259 22.350 22.109 18.238

Notes: in columns (1) and (3) we instrument both the real interest rate and future inflation, with two lags
of inflation and siz lags of the monetary shocks and their squares; in columns (2) and (4) we instrument for
all regressors by adding two lags of the gap and higher orders of the gap in the IV set.

The results from Table E.3 and E.4 are in line with our baseline results presented in Section
2. To illustrate how the implied real interest rate curve is qualitatively consistent across different
specifications, we plot (Figure E.1) the m; — f1m11 as a function of real interest rates, using different
estimates from Table 4, 5, E.3 and E.4. Specifically, we choose the results where we instrument for
all regressors. These include column (5) in Table 4 and 5 and columns (2) and (4) from Table E.3
and E.4. The light grey lines are implied real interest rate curves for all these estimations and the
thick black line is the same curve for our baseline result (column (3) in Table 4).
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Table E.4:

New Keynesian Phillips Curve with Headline CPI, 1969-2017.
using y non-hybrid Hybrid
Emo—FRE (1) (2 (3) (4
B or By 0.84** 0.83"* 0.587* 0.57*
(0.032) (0.031) (0.056) (0.051)
o - - 0.29*  0.287*
(0.064) (0.055)
Vo1 -0.17  -0.207* -0.08 -0.08
(0.070) (0.074) (0.068) (0.075)
Vy.2 -0.01 -0.00 -0.01 -0.01
(0.008) (0.009) (0.007) (0.009)
Vy.,3 0.0 0.01* 0.017* 0.01**
(0.002) (0.003) (0.003) (0.003)
Vr 0.277* 0.257*  0.207*  0.20"*
(0.033) (0.028) (0.052) (0.039)
Observations 196 196 196 196
J Test 10.492 10.637 11.202 11.755
(ip) (0.725) (0.875) (0.670) (0.815)
Weak ID Test  28.858 29.813 25.933 24.454

Notes: in columns (1) and (3) we instrument both the real interest rate and future inflation, with two lags
of inflation and siz lags of the monetary shocks and their square; in columns (2) and (4) we instrument for
all regressors by adding two lags of the gap and higher orders of the gap in the IV set.

Figure E.1: The estimated nonlinearity, robustness.
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Notes: this figure plots the shape of the inflation-real rate relation implied by the non-linear New Keynesian
Phillips curve. For the light gray lines we use the estimates of column (5) in Table 4 and 5 and columns (2)
and (4) in Table E.3 and E.4. The black line is from our baseline result, column (8) in Table 4. In each
case, we plot the left-hand-side variable my — Bmf, | as a function of real interest rate iy — mg, .
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E.4 Alternative Instruments

In this subsection, we report estimation results using alternative sets of instruments. As mentioned
in the main text, proper identification of New Keynesian Phillips curve is a topic that is unsettled.

Table E.5 mimics our baseline Table 1 but considers two alternative sets of instruments for
real interest rate. We present the table in a progressive fashion like in Table E.1. For column
(1) we use monetary shocks identified in Rossi and Zubairy [2011] (henceforth R&Z shocks) in
place of those identified by Romer and Romer [2004]. As in Table 1 column (3), here we are only
instrumenting the real interest rate. In column (2), we add two lags of the associated labor gap
measure to instrument for both real interest rate and the gap. In column (3), we replace Rossi and
Zubairy’s [2011] shocks with two lags of Federal Funds Rate to instrument the real interest rate.
In column (4), we again add two lags of labor gap to instrument for both real interest rate and the
gap. Finally, in columns (5)-(8), we reproduce (1)-(4) but use output gap to measure labor market
tightness. Notice that as in Table E.1, expected inflation is from Michigan Survey of Consumers
and is not instrumented. The endogeneity of the survey response is instead addressed in Table E.6.

Table E.5: Different IV Sets to Estimate the New Keynesian Phillips Curve with Headline
CPI, 1969-2017.

-y J

Em =MSC (1) (2) (3) (4) (5) (6) (7) (8)

3 0.96"  0.957* 0.97%% 0.95* 0.96" 0.95°* 0.98"*  0.96"*
(0.023) (0.023) (0.030) (0.028) (0.025) (0.025) (0.031)  (0.029)

o 001 004  -000 006 001 003 -0.02 0.02
(0.054) (0.054) (0.063) (0.058) (0.036) (0.036) (0.041)  (0.043)

Yo 0.207%  0.207*  0.15%*  0.14°*  0.20%* 0.207*  0.15%* .14
(0.022) (0.022) (0.028) (0.026) (0.023) (0.022) (0.027)  (0.026)

Observations 196 196 196 196 196 196 196 196

J Test 7229  7.345  1.862  4.046  7.487  7.845 2251  4.244

(ip) (0.890) (0.921) (0.172) (0.132) (0.875) (0.897) (0.134)  (0.120)

Weak ID Test 28.644 28987 818.824 616.663 24.931 27.584 1010.862 261.147

Notes: columns (1) and (5) are instrumenting for only the real interest rate only, with REZ shocks; (2) and
(6) are instrumenting the real interest rate and the gap, with both R€Z shocks and lags of the gap; (3) and
(7) again only instrument for the real interest rate, but with two lags of FFR; (4) and (8) are instrumenting
for both the real interest rate and the gap, adding two lags of the gap in the IV set.

From Table E.5 we see that the direct effect of monetary policy (through real interest rates)
appears to be strong and significant again, with an estimate ranging from 0.14 to 0.2. Conversely,
the labor gap is once more close to zero. Not surprisingly, in columns (3)-(4) and (7)-(8) our first
stage test statistics are much higher because of the lags of Federal Funds Rate as instruments.

In Table E.6, we use only monetary shocks as instruments, following Barnichon and Mesters
[2019]. One caveat of using only monetary shocks as instruments is that we have to restrict our
sample to 1969-2006 as this is the period where the Romer and Romer’s [2004] shocks are available.
We again present our results progressively: in columns (1) and (4) we instrument the real interest
rate only; in columns (2) and (5) we instrument both the labor market tightness measure and the
real interest rate; finally in columns (3) and (6) we instrument for all variables. We use negative
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unemployment gap for market tightness in (1)-(3) and the output gap in (4)-(6).

Table E.6: New Keynesian Phillips Curve with Headline CPI, with Only the Monetary
Shocks as Instruments, 1969-2006.

Gap —u Y

Ema=MSC_ () @ () @ () (6

15} 0.997*  0.96"* 1.23"* 0.997* 0.93* 1.16"*
(0.037) (0.042) (0.122) (0.038) (0.047) (0.096)

Yy -0.02 0.15 -0.05 -0.01 0.16* 0.10
(0.088) (0.180) (0.258) (0.049) (0.094) (0.108)

Y 0.20*  0.177*  0.217*  0.207*  0.187*  0.20*
(0.045) (0.045) (0.053) (0.045) (0.045) (0.053)

Observations 152 152 152 152 152 152

J Test 9.554  10.081 8.178 9.770 9.479 8.767

(ip) (0.730) (0.609) (0.697) (0.713) (0.662) (0.643)

Weak ID Test  104.105  3.211 4.213  63.278  6.156 6.743

Notes: in columns (1) and (4) we instrument the real interest rate only; in columns (2) and (5) we instrument
both the gap and the real interest rate; in columns (3) and (6) we instrument all variables.

Table E.6 shows that the same pattern holds for the direct effect (real interest rate) and the
indirect effect (labor tightness) of monetary policy. The one caveat is that, when we instrument
for all these variables using only monetary shocks, a weak instrument problem may arise. In effect,
our weak identification test statistics drop from as large as 104 to around 4. It is also worth noting
that in this last table, we find slightly stronger effects of labor gap.

E.5 Other Robustness and Sensitivity

As the literature has already noted, results obtained from single equation estimation of New Key-
nesian Phillips curve are very sensitive to the choice of specification made. Following the spirit of
Mavroeidis, Plagborg-Mgller, and Stock [2014], we also consider a wide range of different settings
to assess the robustness of the baseline results we present in Section 2. Table E.7 summarizes
all the different configurations that we used to estimate the New Keynesian Phillips curve with
unrestricted cost channel through real interest rate.

We sort our estimations into two groups: the ones using Survey Expectations on inflation
and the ones identified under the assumption of Full Information Rational Expectations. When
using Survey Expectations, we follow Coibion, Gorodnichenko, and Kamdar [2018] and restrict our
attention to the use of two CPI indices as measures of inflation. Conversely, under Full Information
Rational Expectations, we can explore the possibility of using all five different inflation measures
available to us. We estimate a total of 984 equations, each standing for a different configuration
picked from Table E.7 (600 under Full Information Rational Expectations and 384 using survey
expectation). We present a scatter plot of these results in Figure E.2, where x-axis shows the point
estimate of v, and y-axis the point estimate of v,. A black dot means that both 7, and ~, are
each significant at 5%. A dark dot means that -, is significant at 5% and that ~, is not. A light
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gray dots means that ~y, is significant at 5% and that ~, is not. When the dot is white, none of the
coefficient is significant. Note that none of the tests are joint tests.
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Table E.7: Various Choices of Variables, Samples and Specifications to Estimate v, and ~,.

Inflation Measure () :

Gap Measure () :
Specification:

IV Set:

Endogenous Variables:

Sample:

Others :

Survey Expectation

Core CPI, HL CPI

unemployment gap, output gap

hybrid, non-hybrid

(
(
(
(

1)6 lags of R&R shocks and squares only

)
2) R&Z shocks and squares only
3) 2 lags of endogenous regressor
)

4) combination of (1) and (3) or (2) and (3)

Only real interest rate,

all regressors (except for lag inflation)

1969-1992,1969-2006,
1969-2017

control for real oil price or not

FIRE

Core CPI, HL. CPI, Core PCE,
HL PCE, GDP Deflator

unemployment gap, output gap
hybrid, non-hybrid

Same combinations as in
“Survey Expectations” column

All regressors
(except for lag inflation)

1969-1992,1969-2006,
1969-2017

control for real oil prices or not




There are several patterns in Figure E.2. First, the direct cost channel parameter -, is significant
at 5% level for most of the cases (751 out of 984, around 76%) and is always positive when significant.
Conversely, the parameter on the labor gap, -y, is only significant for 256 cases, and is negative
around half of the time when significant (120 out of the 256 cases). Comparing the magnitude of ~,
and v, estimates among the 984 regressions ran, more than 80% of the cases (795 out of 984 cases)
feature v, > max{y,,0}, suggesting direct cost channel is stronger. Moreover, among the results
where 7, < 7y, there are 70 cases where v, is insignificant. Finally, the mean of point estimates on
vr is 0.13 and that of -, is 0.009.

We then check how many of these results satisfy the Patman condition ~, > a,v, where we use
ar = 0.1. If we directly use the point estimates obtained from our 984 configurations, 964 cases
satisfy the Patman condition, this is 98% of all the specifications we considered. These cases are the
points within the shaded area in Figure E.2. We then perform a Wald test on Hy : v, — a7y < 0
for each specification we run, and we can reject the null at 5% significance level for 724 cases (74%
of all the specifications considered). Conversely, if we test Hy : v — o,y > 0, we can reject the
null at 5% level for only 3 out of 984 cases. Moreover, for most of the cases where we fail to reject
non-Patman environment, this corresponds to a specification in which we used headline inflation
rates and did not control for oil prices.

Figure E.2: Estimates of 9, and ~, with Significance at 5%.

Ye

0.5 0.6

® y,andy @ 7 © 4 O none

Notes: there are 984 dots on the graph. FEach dot corresponds to one of the different specifications of the
Phillips Curve listed in Table E.7. A black dot means that both v, and vy, are each significant at 5%. A dark
grey dot means that v, is significant at 5% and that v, is not. A light gray dots means that v, is significant
at 5% and that -, is not. A white dot means that none of the coefficients are significant. None of the tests
are joint tests. The shaded area corresponds to the configurations in which the Patman condition holds, ie.
Vr > apyy with o, = 1. These points account for 98% of all the specifications we considered.
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F Robustness of the Full Information Estimates

F.1 More Details on the Bayesian Estimation of the Extended
Model in the Baseline Case

We assume relatively dispersed priors. For the parameters that were estimated in the simple model,
we center the prior distributions on the previously estimated value. For the new parameters, we

center the priors around zero.

Figure F.3 displays prior and posterior distributions for all the

estimated parameters. One can check that all the parameters are indeed well identified. Table F.8

presents mode details about the prior and posterior distributions.

Figure F.3: Prior and Estimated Posterior Distributions for Parameters, Extended Model,

Baseline.
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Notes: this figure plots the prior (the light gray area) and posterior (the dark gray line) distributions for
the extended model parameters. The posterior distribution is obtained using the Random Walk Metropolis
Algorithm, with two chains of 1,000,000 draws each and discarding the first 500,000 draws of each chain.
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Table F.8: Detailed Results on Parameters Estimation, Extended Model, Baseline.

Prior distribution Max. posterior Posterior distribution MH

Parameter Type a b Mode s.d. Mean Med. 2.5% 97.5%
(Hessian)

a,: Euler coef. on real rate Beta([a,b]) 0.10 0.05 0.01 0.00 0.01 0.01 0.00 0.03
vy Marginal cost loading to labour market Normal([a,b]) 0.00 0.20 -0.04 0.01 -0.04 -0.03 -0.21 0.03
vr: Marginal cost loading to the real interest rate Normal([a,b]) 0.00 0.20 0.10 0.01 0.14 0.11 0.05 047
¢q: Policy rule reaction to demand shock Normal(a,b) 0.10 0.20 0.27 0.06 0.25 025 -0.08 0.50
¢u: Policy rule reaction to markup shock Normal(a,b) -0.62  0.10 -0.74 0.02 -0.73 -0.73 -0.85 -0.63
o4: Demand shock s.d. InvGamma(a,b) 0.12  2.00 0.04 0.00 0.04 0.04 0.03 0.05
o, Markup shock s.d InvGamma(a,b) 0.61  2.00 0.44 0.03 0.50 047 0.36 0.82
o,: Monetary shock s.d. InvGamma(a,b) 0.15  2.00 0.20 0.02 0.21 0.21 0.07 0.31
pa: Demand shock persistence Beta([a,b]) 0.80 0.05 0.85 0.01 0.85 0.85 0.81 0.90
pp: Markup shock persistence Beta([a,b]) 0.80 0.05 0.70 0.02 0.69 0.69 0.62 0.78
pv: Monetary shock persistence Beta([a,b]) 0.80  0.05 0.94 0.01 094 094 090 0.96
By: Phillips curve intertia Beta(a,b) 0.10 0.05 0.04 0.02 0.04 0.04 0.01 0.09
¢xp: Past inflation in policy rule Normal(a,b) 0.00 0.20 0.07 0.02 0.02 0.02 -0.07 0.09
¢rp: Persistence in policy rule Normal(a,b) 0.00 0.20 0.31 0.04 029 029 016 0.46
oy, r: Habit persistence Beta(a,b) 0.95 0.03 0.65 0.01 0.68 0.67 0.65 0.73
¢y.p: Past gap in policy rule Normal(a,b) 0.00 0.20 0.20 0.03 0.21 0.21 -0.01 0.42

Notes: this table shows the estimated coefficients of equations (EE’), (PC”) and (Policy’) using unemployment gap, Core CPI and the sample 195793-2008G,.
Parameters B and o, are not estimated and set to .99 and .99. Parameter x is normalized to one. The posterior distribution is obtained using the Random
Walk Metropolis Algorithm, with two chains of 1,000,000 draws each and discarding the first 500,000 draws of each chains. “Med.” is the median of the
posterior distribution.



F.2 Estimating with Phillips Curve (PC’) Instead of (PC”)

Here we repeat the benchmark estimation but we use Phillips curve (PC’)
T = 5((1 — B) Et[mia] + /Bbﬂt—l) + /i(’)’yyt + Yy pYi—1 + (it — Et[Wt+1])) + M, (PC)
instead of (PC”).
m = B((1 = By) Erlms1] + Bomi—1) + £ (vyye + v (i — Eelmeia])) + . (PC”)

Table F.9 shows that all the parameters are close to what was estimated in the benchmark case
and the Patman condition is again satisfied. Table F.10 gives more details about the prior and
posterior distributions.

Table F.9: Estimated Parameters, Extended Model with Phillips Curve (PC?)

Q. 0.01 Pd 0.01
[ 0.00, 0.03] [0.81, 0.89]

Yy -0.13 Pu -0.13
[-0.33, 0.04] [0.62, 0.77]

Yy 0.12 Py 0.12
[0.05, 0.34] [0.91, 0.96]

Oq 0.26 o 0.26
[0.02, 0.49] [0.01, 0.09]

Op -0.74 b -0.74
[-0.85, -0.64] [-0.05, 0.08]

o4 0.04 Orb 0.04
[0.03, 0.05] [0.14, 0.44]

oy 0.48 Qy f 0.48
[0.35, 0.71] [0.65, 0.72]

oy 0.21 Oy.b 0.21
[0.10, 0.30] [-0.01, 0.45]

Vy.b 0.09
[-0.07, 0.25]

Patman 0.11
[0.05, 0.31]

Notes: this table shows the posterior median estimates of the coefficients in equations (EE’), (PC’)
and (Policy’) using unemployment gap, Core CPI and the sample 195793-2008Q4. Parameters
B and oy are not estimated and set to .99 and .99. Parameter k is normalized to one. The
posterior distribution is obtained using the Random Walk Metropolis Algorithm, with two chains
of 1,000,000 draws each and discarding the first 500,000 draws of each chain. The numbers between
brackets represent the 90% confidence band using the posterior distribution.
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Table F.10: Detailed Results on Parameters Estimation, Extended Model with Phillips Curve (PC?).

Prior distribution Max. posterior Posterior distribution MH

Parameter Type a b Mode s.d. Mean Med. 2.5% 97.5%
(Hessian)

a,: Euler coef. on real rate Beta([a,b]) 0.10 0.05 0.01 0.01 0.01 0.01 0.00 0.03
vy Marginal cost loading to labour market Normal([a,b]) 0.00 0.20 -0.19 0.16 -0.13 -0.13 -0.33 0.04
vr: Marginal cost loading to the real interest rate Normal([a,b]) 0.00 0.20 0.35 0.08 0.12 0.10 0.05 0.34
¢q: Policy rule reaction to demand shock Normal(a,b) 0.10 0.20 0.06 0.21 0.26 0.25 0.02 0.49
¢, Policy rule reaction to markup shock Normal(a,b) -0.62  0.10 -0.73 0.05 -0.74 -0.74 -0.85 -0.64
04: Demand shock s.d. InvGamma(a,b) 0.12  2.00 0.03 0.01 0.04 0.04 0.03 0.05
o,: Markup shock s.d InvGamma(a,b) 0.61  2.00 0.69 0.09 048 047 035 0.71
o,: Monetary shock s.d. InvGamma(a,b) 0.15  2.00 0.08 0.02 021 0.21 0.10 0.30
pa: Demand shock persistence Beta([a,b]) 0.80 0.05 0.86 0.02 085 0.85 0.81 0.89
pu: Markup shock persistence Beta([a,b]) 0.80 0.05 0.73 0.04 0.69 0.69 0.62 0.77
pv: Monetary shock persistence Beta([a,b]) 0.80 0.05 0.93 0.01 094 094 091 0.96
Bp: Phillips curve intertia Beta(a,b) 0.10 0.05 0.03 0.02 0.04 0.04 0.01 0.09
¢rp: Past inflation in policy rule Normal(a,b) 0.00 0.20 0.02 0.03 0.03 0.02 -0.05 0.08
¢rp: Persistence in policy rule Normal(a,b) 0.00 0.20 0.38 0.07 0.28 0.28 0.14 0.44
oy r: Habit persistence Beta(a,b) 0.95 0.03 0.65 0.07 0.67 0.67 0.65 0.72
¢y.p: Past gap in policy rule Normal(a,b) 0.00 0.20 0.20 0.11 0.21 020 -0.01 0.45
Yyb: Marginal cost loading to past labour market Normal(a,b) 0.00 0.10 0.08 0.09 0.09 0.09 -0.07 0.25

Notes: This table shows the estimated coefficients of equations (EE’), (PC’) and (Policy’) using unemployment gap, Core CPI and the sample 195703-200804.
Parameters  and o, are not estimated and set to .99 and .99. Parameter  is normalized to one. The posterior distribution is obtained using the Random
Walk Metropolis Algorithm, with two chains of 1,000,000 draws each and discarding the first 500,000 draws of each chain. “Med.” is the median of the
posterior distribution.



F.3 Robustness to Samples and Variables

Table F.11 presents the simple model estimates for different samples and choices of variables.
Parameters estimates are pretty similar across estimations. Furthermore, the Patman condition
is always satisfied and significant. When the GDP deflator is chosen as a measure of inflation,
estimates of «,. are close to zero but negative. The estimations we present in that case are those
when «, is not estimated but set to 0.1. In the extended model, we do not have such a problem
when GDP deflator is chosen.

Tables F.12 and F.13 show estimates of the extended model. We use the same priors than
in the benchmark estimation. Again, parameters estimates are pretty similar across estimations.
Furthermore, the Patman condition is always satisfied and significant.
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Table F.11: Estimated Parameters, Simple Model, Robustness.

Parameter
a,

Ty
Tr
Pa
Pu

04

Pd
Pu

Pv

Patman

Unemployment gap

Core CPI

(1)
0.01
(0.01)
0.02
(0.03)
0.05
(0.02)
0.38
(0.14)
-0.73
(0.08)
0.03
(0.01)
0.36
(0.06)
0.24
(0.09)
0.94
(0.03)
0.74
(0.05)
0.98
(0.01)

0.05
(0.02)

(2)
0.01
(0.01)
0.00
(0.02)
0.04
(0.01)
0.36
(0.11)
-0.70
(0.07)
0.02
(0.01)
0.33
(0.05)
0.25
(0.09)
0.97
(0.02)
0.74
(0.04)
0.98
(0.01)

0.04
(0.01)

HL CPI

(1)
0.01
(0.01)
0.06
(0.05)
0.07
(0.03)
0.20
(0.18)
-1.10
(0.13)
0.02
(0.01)
0.81
(0.12)
0.26
(0.07)
0.95
(0.03)
0.60
(0.06)
0.98
(0.02)

0.07
(0.03)

(2)
0.00
(0.01)
0.01
(0.02)
0.04
(0.02)
0.21
(0.19)
-1.03
(0.12)
0.01
(0.01)
0.81
(0.10)
0.33
(0.09)
0.97
(0.02)
0.58
(0.05)
0.98
(0.01)

0.04
(0.02)

GDP defl.
o ©
0.10  0.10
(NaN) (NaN)
-0.01  -0.01
(0.02)  (0.02)
0.02  0.02
(0.01)  (0.01)
0.57  0.45
(0.12)  (0.08)
-0.92  -0.89
(0.07)  (0.06)
0.03  0.02
(0.01)  (0.01)
0.25 0.28
(0.05)  (0.05)
0.31  0.30
(0.07)  (0.06)
0.94 097
(0.02)  (0.01)
0.79 0.76
(0.05)  (0.04)
0.98  0.98
(0.01)  (0.01)
0.02  0.02
(0.01)  (0.01)

Core CPI

(1)
0.02
(0.03)
0.00
(0.02)
0.07
(0.03)
0.30
(0.16)
-0.75
(0.08)
0.09
(0.03)
0.36
(0.06)
0.32
(0.09)
0.91
(0.03)
0.74
(0.05)
0.97
(0.02)

0.07
(0.03)

(2)
0.02
(0.03)
0.00
(0.02)
0.05
(0.02)
0.27
(0.16)
-0.71
(0.07)
0.07
(0.02)
0.33
(0.05)
0.34
(0.10)
0.93
(0.02)
0.75
(0.04)
0.97
(0.01)

0.05
(0.02)

Output gap
HL CPI

(1)
0.01
(0.03)
0.04
(0.02)
0.09
(0.04)
0.05
(0.21)
-1.12
(0.13)
0.08
(0.03)
0.81
(0.11)
0.31
(0.09)
0.92
(0.03)
0.61
(0.06)
0.97
(0.02)

0.09
(0.04)

(2)
0.01
(0.02)
0.01
(0.02)
0.05
(0.02)
0.15
(0.15)
-1.03
(0.11)
0.06
(0.02)
0.82
(0.10)
0.36
(0.07)
0.93
(0.02)
0.58
(0.05)
0.97
(0.01)

0.05
(0.02)

GDP defl.
0 e
0.10 0.10
(NaN) (NaN)
-0.02 -0.01
(0.02)  (0.01)
0.04 0.04
(0.03)  (0.02)
0.41 0.36
(0.10)  (0.08)
-0.98 -0.93
(0.08)  (0.07)
0.08 0.07
(0.02)  (0.02)
0.25 0.27
(0.05)  (0.05)
0.40 0.38
(0.10)  (0.08)
0.92 0.93
(0.03)  (0.02)
0.80 0.77
(0.04)  (0.04)
0.97 0.97
(0.02)  (0.01)
0.04 0.04
(0.03)  (0.02)

Notes: this table shows the estimated coefficients of equations (EE), (PC) and (Policy) for various measures of y, m and for
various samples. Columns (1) use the sample 195703-2008Q4; columns (2) use the sample 195793-2017Q4. Parameters B and
oy, are not estimated and set to .99 and .99. When the GDP deflator is used, o is not estimated and set to 0.1. Parameter k is
normalized to one. Standard errors are between parenthesis.



Table F.12: Estimated Parameters, Extended Model, Robustness, Unemployment Gap.

Core CPI HL CPI GDP defl.
Parameter (1) 2) (1) (2) (1) 2)
o 0.01 0.01 0.01 0.01 0.01 0.01
(0.00,0.02]  [0.00,0.02]  [0.01,0.02]  [0.00,0.02]  [0.00,0.02]  [0.00,0.01]
Yy -0.03 -0.04 0.04 -0.00 -0.04 -0.03
[0.12,0.04]  [-0.09,0.01] [-0.02,0.11]  [-0.04,0.04]  [-0.09,0.01]  [-0.08,0.01]
Yr 0.11 0.09 0.11 0.07 0.04 0.05
[0.04,0.32]  [0.04,0.15]  [0.05,0.17]  [0.04,0.11]  [0.01,0.07]  [0.02,0.09]
0¥} 0.25 0.24 0.22 0.25 0.53 0.37
(0.04,047]  [0.09,0.38]  [0.01,0.42]  [0.10,0.40]  [0.30,0.76]  [0.21,0.55]
O -0.73 -0.72 -0.95 -0.94 -0.83 -0.86
[-0.82,-0.64] [-0.81,-0.63] [-1.06,-0.84] [-1.04,-0.83] [-0.94,-0.71] [-0.95,-0.77]
04 0.04 0.03 0.04 0.03 0.04 0.03
(0.03,0.05]  [0.03,0.04]  [0.03,0.05]  [0.03,0.04]  [0.03,0.05]  [0.03,0.04]
o 0.47 0.42 0.89 0.86 0.29 0.33
(0.34,0.68]  [0.33,0.52]  [0.73,1.05]  [0.73,0.99]  [0.21,0.38]  [0.25,0.41]
o, 0.21 0.22 0.26 0.28 0.36 0.31
(0.10,0.30]  [0.13,0.30]  [0.15,0.36]  [0.20,0.38]  [0.25,0.49]  [0.20,0.42]
Pd 0.85 0.88 0.85 0.88 0.85 0.88
(0.81,0.89]  [0.86,0.91]  [0.81,0.89]  [0.85,0.91]  [0.81,0.88]  [0.85,0.91]
Pu 0.69 0.70 0.55 0.55 0.76 0.73
(0.62,0.76]  [0.63,0.76]  [0.49,0.62]  [0.48,0.61]  [0.69,0.82]  [0.66,0.79]
P 0.94 0.94 0.94 0.94 0.94 0.94
(0.92,0.96]  [0.92,0.96]  [0.91,0.96]  [0.92,0.96]  [0.92,0.96]  [0.92,0.96]
B_1 0.04 0.04 0.03 0.03 0.03 0.03
(0.01,0.07]  [0.01,0.07]  [0.01,0.06]  [0.01,0.06]  [0.01,0.06]  [0.01,0.06]
Gr—1 0.02 0.04 0.08 0.08 0.08 0.08
[-0.04,0.09]  [-0.02,0.09]  [0.00,0.16]  [0.02,0.14]  [-0.01,0.18]  [-0.00,0.16]
Gr—1 0.29 0.29 0.22 0.21 0.15 0.18
(0.17,041]  [0.17,0.40]  [0.09,0.34]  [0.10,0.32]  [0.04,0.25]  [0.09,0.28]
Qlyy1 0.67 0.66 0.68 0.66 0.67 0.66
(0.65,0.71]  [0.65,0.68]  [0.65,0.72]  [0.65,0.68]  [0.65,0.70]  [0.65,0.68]
Gy, —1 0.21 0.20 0.15 0.19 0.27 0.23
(0.02,040]  [0.04,0.36]  [-0.06,0.36]  [0.01,0.37]  [0.02,0.48]  [0.04,0.42]
Patman 0.11 0.09 0.11 0.07 0.04 0.05
(0.05,0.43]  [0.04,0.19]  [0.05,0.21]  [0.04,0.13]  [0.01,0.09]  [0.02,0.10]

Notes: this table shows the posterior mean for coefficients of equations (EE’), (PC’) and (Policy’) for various
measures of ™ and for various samples, when the gap measure is unemployment gap. Columns (1) use the
sample 195793-2008Q4; columns (2) use the sample 195793-2017Q4. Parameters B and o, are not estimated
and set to .99 and .99. Parameter k is normalized to one. The posterior distribution is obtained using the
Random Walk Metropolis Algorithm, with two chains of 1,000,000 draws each and discarding the first 500,000
draws of each chain. The numbers between brackets represent the 95% confidence band using the posterior
distribution.
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Table F.13: Estimated Parameters, Extended Model, Robustness, Output Gap.

Core CPI
Parameter (1) (2)
o 0.03 0.03
(0.01,0.06]  [0.01,0.05]
Yy -0.10 -0.09
[-0.23,-0.00]  [-0.25,-0.00]
Yy 0.27 0.22
(0.08,0.51]  [0.06,0.46]
0¥ 0.13 0.15
[-0.03,0.28]  [0.02,0.29]
bp -0.73 -0.72
[-0.82,-0.63]  [-0.81,-0.63]
04 0.12 0.11
0.09,0.16]  [0.08,0.13]
o, 0.64 0.55
043,087 [0.36,0.78]
o, 0.13 0.13
0.06,0.22]  [0.05,0.24]
Pd 0.86 0.88
0.82,0.90]  [0.84,0.91]
P 0.72 0.73
0.65,0.79]  [0.65,0.81]
Py 0.93 0.93
[0.90,0.95]  [0.91,0.95]
b_1 0.04 0.03
0.01,0.07]  [0.01,0.06]
Gr—1 -0.01 0.00
[-0.06,0.03]  [-0.05,0.05]
Pr,—1 0.37 0.35
0.25,0.48]  [0.25,0.46]
Qi1 0.89 0.86
(0.81,0.96]  [0.79,0.93]
by.—1 0.17 0.18
0.07,0.27]  [0.09,0.27]
Patman 0.27 0.22
0.09,0.62]  [0.07,0.72]

HL CPI
(1) (2)
0.03 0.03
0.01,0.06]  [0.01,0.05]
0.01 0.00
[-0.06,0.07]  [-0.03,0.03]
0.17 0.09
0.06,0.41]  [0.05,0.13]
0.01 0.10
[-0.18,0.21]  [-0.05,0.26]
-0.97 -0.96
-1.08,-0.86]  [-1.07,-0.86]
0.12 0.10
0.09,0.16]  [0.08,0.13]
0.98 0.87
0.76,1.28]  [0.74,1.00]
0.21 0.29
0.08,0.34]  [0.20,0.39]
0.86 0.88
0.82,0.90]  [0.84,0.91]
0.55 0.54
0.48,0.62]  [0.48,0.60]
0.93 0.93
0.90,0.95]  [0.91,0.95]
0.03 0.03
0.01,0.06]  [0.01,0.06]
0.04 0.07
[-0.03,0.11]  [0.01,0.14]
0.27 0.23
0.13,0.39]  [0.12,0.35]
0.90 0.88
0.83,0.96]  [0.81,0.95]
0.18 0.20
0.07,0.28]  [0.10,0.30]
0.17 0.09
0.08,0.66]  [0.05,0.15]

GDP defl.

1) @)
0.03 0.02
0.01,0.05]  [0.01,0.04]
-0.04 -0.03
[0.12,0.00]  [-0.09,0.00]
0.05 0.06
:0.01,0.16]  [0.02,0.14]
0.40 0.29
0.18,0.63]  [0.12,0.46]
-0.87 -0.89
[0.99,-0.75]  [-0.98,-0.80]
0.13 0.10
0.09,0.18]  [0.08,0.13]
0.30 0.33
0.18,0.45]  [0.23,0.44]
0.40 0.33
0.11,0.61]  [0.16,0.51]
0.85 0.88
0.81,0.90]  [0.84,0.91]
0.77 0.74
0.70,0.83]  [0.67,0.80]
0.93 0.94
0.90,0.95]  [0.92,0.96]
0.03 0.03
0.01,0.06]  [0.01,0.06]
0.05 0.06
:0.04,0.16]  [-0.02,0.14]
0.14 0.17
0.03,025]  [0.07,0.27]
0.88 0.87
0.81,0.95]  [0.79,0.94]
0.21 0.20
0.09,0.33]  [0.09,0.30]
0.05 0.06
0.00,0.33]  [0.02,0.27]
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Notes: this table shows the posterior mean for coefficients of equations (EE’), (PC’) and (Policy’) for various
measures of ™ and for various samples, when the gap measure is output gap. Columns (1) use the sample
1957Q3-2008Q4; columns (2) use the sample 195703-2017Q4. Parameters  and oy, are not estimated and set
to .99 and .99. Parameter k is normalized to one. The posterior distribution is obtained using the Random
Walk Metropolis Algorithm, with two chains of 1,000,000 draws each and discarding the first 500,000 draws of
each chain. The numbers between brackets represent the 95% confidence band using the posterior distribution.



G Data Definition and Sources

— Inflation, GDP deflator: Gross Domestic Product: Implicit Price Deflator, Percent Change
from Preceding Period, Quarterly, Seasonally Adjusted Annual Rate, obtained from the FRED
database, (A191RI1Q2258BEA). Sample is 1947Q1-2017Q4.

— Inflation, Headline CPI: Consumer Price Index for All Urban Consumers: All Items in U.S.
City Average, Percent Change, Quarterly, Seasonally Adjusted, obtained from the FRED
database, (CPTAUCSL PCH). Sample is 1947Q1-2017Q3.

— Inflation, Core CPI: Consumer Price Index for All Urban Consumers: All Items Less Food
and Energy in U.S. City Average, Percent Change, Quarterly, Seasonally Adjusted, obtained
from the FRED database, (CPILFESLJ’CH). Sample is 1947Q1-2017Q3.

— Inflation, Headline PCE: Personal Consumption Expenditures: Chain-type Price Index, Per-
cent Change, Quarterly, Seasonally Adjusted, obtained from the FRED database, (PCEPI_PCH).
Sample is 1947Q1-2017Q3

— Nominal interest rate: Effective Federal Funds Rate, Percent, Quarterly, Not Seasonally Ad-
justed, obtained from the FRED database, (FEDFUNDS). Sample is 1954Q3-2017Q3.

— Unemployment: Civilian Unemployment Rate, Percent, Quarterly, Seasonally Adjusted, ob-
tained from the FRED database, (UNRATE). Sample is 1948Q1-2017Q3.

— Natural rate of unemployment: Natural Rate of Unemployment (Long-Term), Percent, Quar-
terly, Not Seasonally Adjusted, obtained from the FRED database, (NRQU). Sample is 1949Q1-2017Q3.

— Unemployment gap: constructed as UNRATE - NROU.

— Oil price: Spot Crude Oil Price: West Texas Intermediate (WTI), Dollars per Barrel, Quar-
terly, Not Seasonally Adjusted, obtained from the FRED database, (WTISPLC). Sample is
1946Q1-2017Q3. The real oil price is then obtained by deflating by GDP deflator A191RI1Q225SBEA.

— GDP: Real Gross Domestic Product, Billions of Chained 2012 Dollars, Quarterly, Seasonally
Adjusted Annual Rate, obtained from the FRED database, (GDPC1). Sample is 1949Q1-2017Q3.

— Potential output: Real Potential Gross Domestic Product, Billions of Chained 2012 Dollars,
Quarterly, Not Seasonally Adjusted, obtained from the FRED database, (GDPPOT). Sample is
1949Q1-2017Q3.

— Output gap: constructed as GDPC1 - GDPPOT.

— Expected Inflation: Expected Change in Price During the Next Year, obtained from Surveys of
Consumers, University of Michigan. Transformed into annualized quarterly expected inflation.
Sample is 1960Q1-2017Q4.

— Romer and Romer shocks: Monetary Shocks isolated following the method in Romer and
Romer [2004]. Obtained from Wieland and Yang [2020]. Sample is 1969Q1-2007Q4.

— Rossi and Zubairy shocks: Monetary Shocks from Rossi and Zubairy [2011]. Sample is
1957Q1-2006Q4.
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