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Abstract

Fiscal policy provided substantial support to economic growth in 2020 and 2021 amid
disruptions to supply in product and labor markets, adding to the inflationary pressures that
emerged during the strong rebound from the pandemic-induced recession. In this paper, we
investigate the implications of supply disruptions and economic slack for the inflationary effects
of fiscal policy. We propose and estimate a nonlinear Phillips curve, whereby the sensitivity of
inflation to changes in demand varies with supply conditions and the amount of slack in the
economy. Our results suggest that supply disruptions, low economic slack, and the interaction of
restrained supply with low slack each amplify the effects of expansionary fiscal policies on
inflation.

Keywords: nonlinear Phillips curve, fiscal policy, supply disruptions, economic slack

JEL Classification: E31, E37, E62



Contents
1 Introduction

2 Analytical Framework
2.1 The New Keynesian PhillipsCurve . . . . . . . . .. ... ... . ... ......
2.2 A Nonlinear Phillips Curve With State-Dependent Slope . . . . . . ... ... ..

3 Empirical Approach
3.1 Estimation . . . . . . . ..
3.2 Data . . .. .
3.3 BenchmarkResults . . . . . . . . . . . . .
3.4 Alternative Measuresof Slack . . . . .. ... ... ... .. .. L
3.5 The Effect of Supply-Chain Conditions on the Phillips Curve:
Regional Evidence . . . . . . . . . . . ...
3.5.1 ATime-Varying Regional PhillipsCurve . . . .. ... ... ... ....
352 Results .. ... . .

4 Effects of Government Spending on Inflation
4.1 Characterization of the Demand Side and Monetary Policy . . . . ... ... ...
4.1.1 The Response of Monetary Policy to Inflation . . . . . ... ... .....
4.1.2 The Effect of Inflation Expectations on Overall Demand . . . . . ... ..
4.2 Calibration . . . . . . ..
4.3 Results. . . . . .. e
4.3.1 TheRole of Supply Disruptions . . . . . ... ... ... ... ......
432 TheRoleofSlack. . . . . .. . . . . . .
4.3.3 Interaction of Supply Disruptions With Slack . . . . . . ... ... ....

5 Conclusion

12
14
15

18
18
19
19
20
21
21
23
23

23



1 Introduction

After remaining below the Federal Reserve’s long-term goal of 2 percent during much of the past
15 years, consumer price inflation in the United States surged in 2021 and early 2022. The sea-
sonally adjusted consumer price index (CPI) rose 8.9 percent between June 2021 and June 2022,
reaching its fastest pace in more than four decades. Inflation accelerated in 2021 amid supply-
chain disruptions and labor shortages, expansionary fiscal and accommodative monetary policies,
and rising overall demand for goods and services. A rapidly growing body of research has exam-
ined the role of restrained supply (see, for example, Barnichon and Shapiro, 2022; Shapiro, 2022)
and rising demand (see Furman, 2022; Jorda et al., 2022) in recent developments and reached dif-
ferent conclusions about which factors were central. Most studies, however, have been based on
the assumption that supply and demand factors have distinct and separately identifiable effects on
inflation. The abrupt surge in prices in early 2021, beyond what most researchers predicted from
the sum of the estimated effects of individual supply and demand factors, raises questions about
whether different factors interact and reinforce one another. Do supply disruptions amplify the
inflationary pressure from heightened demand? How does economic slack (that is, the amount of
unused production capacity) affect the relationship between supply disruptions and inflation? The
answers provide important insights into the drivers of inflation dynamics and have key implications
for the effects of fiscal policy.

In this paper, we evaluate how interactions of supply conditions and slack shape inflation out-
comes and develop an approach to estimating the effects of fiscal policy changes on inflation in
the presence of supply disruptions. We find that changes in overall demand (arising from policy
or nonpolicy factors) have larger effects on inflation in periods of restrained supply. Moreover,
low economic slack amplifies the inflationary pressure from supply disruptions and heightened
demand. Those findings suggest that the combination of restrained supply and low slack caused
the inflationary effects of pandemic-related fiscal policies to be larger than they would have been
otherwise.

Our analysis builds on the standard framework for modeling aggregate inflation dynamics,
known as the Phillips curve. The Phillips curve formalizes the idea that inflation tends to increase
as economic slack diminishes and puts upward pressure on wages and prices. In the commonly
adopted linear version of the Phillips curve, the effect of economic slack on inflation is represented
by a constant (that is, time-invariant) slope parameter. We modify that standard specification in
two ways. First, we introduce a state-dependent relationship between economic slack and inflation
by allowing the slope parameter to vary with supply conditions. That enables us to capture the
interactions of demand-driven inflationary pressures with supply disruptions. Second, we consider
a convex, rather than linear, relationship between inflation and economic slack, allowing the slope



to vary across periods of high and low slack. Using an estimated version of our modified Phillips
curve, we examine how the slope parameter changed over time. We find evidence that the slope
increased markedly in 2020 and 2021 because of supply disruptions and, more recently, as a result
of diminishing slack.

We then assess the predictive performance of the modified Phillips curve relative to that of the
standard linear specification by evaluating the out-of-sample forecast errors of the two models in
the post-2010 period. We consider alternative measures of economic slack, including the unem-
ployment rate gap (that is, the difference between the unemployment rate and the Congressional
Budget Office’s estimate of the noncyclical rate of unemployment), the ratio of job openings to
unemployed, and the employment gap (the percentage difference between employment and CBO’s
estimate of potential, or maximum sustainable, employment). The root mean square errors (RMSE)
for one-quarter-ahead inflation predictions of the modified Phillips curve are smaller than those
produced by the standard Phillips curve under all considered measures of slack and in both the
full evaluation period and the prepandemic subperiod. We find that no single measure of slack is
clearly superior to the others in terms of predictive accuracy under all specifications and in both
the prepandemic and full evaluation periods. Crucially, however, the null hypothesis of no state
dependence in the slope term (that is, no effect on the slope from supply disruptions) is rejected
under all specifications.

We provide further evidence for the effects of supply disruptions on the slope of the Phillips
curve by examining regional data. We augment a linear regional Phillips curve (formulated as
in McLeay and Tenreyro, 2019) by introducing a state-dependent slope parameter and estimate
that specification by using regional unemployment, gross domestic product (GDP), and price data
from the Commodity Flow Survey (CFS) conducted by the U.S. Census Bureau. Adopting an
instrumental variable (1) approach, we find suggestive evidence that regional exposure to supply
disruptions steepens the slope of the regional Phillips curve.

To quantitatively assess the implications of supply conditions and slack for the inflationary
effects of fiscal policy, we embed the modified Phillips curve into a simple (and otherwise stan-
dard) New Keynesian model and evaluate an illustrative policy increasing government purchases
by 1 percent of potential GDP starting in the second quarter of 2023. Using a calibrated version of
the model, we find that the policy causes inflation to be about 15 basis points higher in the second
quarter of 2023 under a baseline path in which supply disruptions remain at their historical average
value in 2023 and 2024. If, instead, supply disruptions in 2023 become as severe as they were in
2021, the policy’s boost to inflation in the second quarter of 2023 is nearly five times as large as the
amount under the baseline path. Under a different (counterfactual) path in which the unemploy-
ment rate in the second quarter of 2023 is 7 percent (or about 3.2 percentage points greater than
in the baseline path), the increase in inflation is roughly 87 percent smaller, and elevated supply



disruptions amplify the policy’s inflationary effects by a smaller amount. Those results suggest that
supply pressures, low economic slack, and the interaction of supply pressures with low slack each
increase the inflationary pressures that result from expansionary fiscal policies.

This paper augments the existing research in two ways. First, we provide evidence that sup-
ply disruptions exacerbate the inflationary pressures from heightened demand by steepening the
Phillips curve (in addition to directly boosting inflation). The slope of the Phillips curve and how
it has changed over time is the subject of a large body of research. That research has primarily
focused on the role of changing inflation expectations and their contribution to inflation dynam-
ics (see, for example, Pfajfar and Roberts, 2022; Hazell et al., 2021; Hooper et al., 2020; Ng et
al., 2018; Ball and Mazumder, 2011; Bernanke, 2007; Mishkin, 2007) and downward nominal
wage rigidities (see Daly and Hobijn, 2014) as key factors underpinning the estimated slope of the
Phillips curve. Our analysis adds to that literature by exploring the role of supply conditions as a
direct determinant of the slope and its evolution over time.

Second, we assess the recent forecasting performance of the state-dependent nonlinear Phillips
curve by considering an alternative functional form that allows the slope to increase as economic
slack decreases. Recent research has found evidence for a nonlinear Phillips curve that steepens
when unemployment is low or the economy is operating above its sustainable capacity (see, for
example, Forbes et al., 2021; Hooper et al., 2020; Doser et al., 2017; Barnes and Olivei, 2003).
We provide further support for nonlinearities by showing that allowing the slope term to vary with
supply conditions improves the out-of-sample predictive accuracy of the Phillips curve under all
considered measures of slack. Incorporating a convex relationship between inflation and slack (in
addition to state-dependent slope) further improves the predictive accuracy of the Phillips curve,
albeit by a small amount, when the measure of slack is the unemployment rate gap.

2 Analytical Framework

Our framework is based on the well-known New Keynesian Phillips curve (NKPC). In this section,
we briefly discuss the standard NKPC and describe how we modify it to capture the interactions of
supply conditions with economic slack and the nonlinear relationship between inflation pressures
and slack.

2.1 The New Keynesian Phillips Curve

The standard NKPC is described by the following equation:

T = —k(u — ui) + BET1 + & 1



The variable 7, denotes the inflation rate, u, stands for the unemployment rate, «; stands for the
noncyclical rate of unemployment, E,m;,, denotes expected period ¢ + 1 inflation, the term &,
captures cost-push factors, and 3 is a discount factor. Equation (1) can be derived from a linear
approximation to the optimal pricing decision of profit-maximizing firms in a standard New Key-
nesian model with sticky prices (of the type proposed by Calvo, 1983, or Rotemberg, 1982).

The Phillips curve is based on the idea that a decrease in the unemployment rate increases
competition among firms for workers, thereby boosting real wages and causing firms to increase
prices. The parameter « is the slope of the Phillips curve: It measures the responsiveness of inflation
to changes in the amount of slack (measured by the unemployment rate gap). The slope parameter
is central to fiscal policy analysis because it governs the size of the effects of demand-driven
changes in economic activity on inflation. The composite variable &, represents cost-push factors,
including supply-chain disruptions: Changes in those factors result in shifts in the Phillips curve
(rather than movements along the curve) on the inflation—unemployment plane.

2.2 A Nonlinear Phillips Curve With State-Dependent Slope

In the standard NKPC, changes in economic slack affect inflation through changes in the unem-
ployment rate gap and expectations of future inflation. Cost-push factors (some of which arise
from supply-chain disruptions) are specified as an exogenous process, and the relationship be-
tween inflation and economic slack is linear. Exogeneity of cost-push factors, paired with that
linear specification, renders the effects of slack on inflation insensitive to supply disruptions and
other cost-push shocks. In addition, the sensitivity of inflation to changes in slack does not vary
with the amount of existing slack in the economy, or with any other economic variable. As a result,
a given change in the unemployment rate gap has the same effect on inflation when the economy
is in a deep recession and when it is operating above its sustainable capacity.

To allow the effects of slack on inflation to vary with supply conditions and with the amount of
existing slack in the economy, we modify the standard NKPC as follows:

T = —ky + BB & (2)

Ky = E+G'It(8t>0)'8t

ft = bSt + eth + &
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where %, a, and b are constant scalars and 6 is a vector of constants. The variable s; is an index that
measures the severity of supply-chain disruptions, defined as standard deviations from their average
value. The vector W, collects a set of variables that control for some cost-push factors. The variable



e, represents the remaining unobserved cost-push factors. The indicator function I;(s; > 0) equals
one if supply-chain stress is above its mean value and equals zero otherwise.

For the purposes of fiscal policy analysis, there are two key differences between Equations (1)
and (2). The first is related to the state-dependent slope term x; and the parameter a: By allowing
the slope to vary with supply disruptions, Equation (2) accounts for the interactions between the
effects of policy changes and supply conditions. In the case a > 0, a larger value for s, (increased
supply-chain stress) means a larger effect on inflation from a given change in the unemployment
rate. This reflects the intuition that increased overall demand would put more stress on an already
strained supply chain and exacerbate the upward pressure on prices. As a result, stimulative fiscal
policies become more inflationary in the presence of supply disruptions.

The second difference is the nonlinear relationship between unemployment and inflation. In
Equation (2), the unemployment rate gap is defined as the log difference between the actual and
noncyclical rates of unemployment (rather than as a level difference). Under that specification,
the Phillips curve is convex: A given decrease in the unemployment rate causes a larger increase
in inflation when unemployment is lower. That is consistent with the idea that the inflationary
pressures from increased overall demand are stronger when the labor market is tight because firms
must offer larger wage increases to attract or retain workers. Therefore, if & > 0 and a > 0,
increased supply-chain stress and lower unemployment both cause the Phillips curve to become
steeper.

Under the assumptions that expectations are model-consistent (that is, agents form their ex-
pectations with the knowledge that inflation is governed by Equation 2) and the rule of iterated
expectations (E; Fy ... Ey i 14 = Eymeq4, forall ¢ > 0) holds, the modified Phillips curve can
be solved forward to express inflation as

T
= by Z B[Rl — alypi(Seri > 0)Sppilipsi + §val + BT Emiirir. 3)
i=0

Equation (3) defines inflation as a function of the current and expected future values of the unem-
ployment rate gap, u;.;, and supply disruptions, s; ;. The equation illustrates how the inflationary
effects of demand changes depend on the entire future path of supply pressures and slack in the
economy.

3 Empirical Approach

Here we describe the methods we use to estimate the modified Phillips curve. First, we discuss our
IV approach to estimating the parameters of the state-dependent slope term. Then, we present our



benchmark estimates and assess the sensitivity of our results to alternative measures of economic
slack.

3.1 Estimation

Estimating the slope of the Phillips curve (state dependent or otherwise) is challenging. First, it is
difficult to disentangle the effect of the unemployment rate (or other measures of economic slack)
on inflation from the effect of expected future inflation. That is because changes in the unemploy-
ment rate alter inflation expectations, which then feed back to the unemployment rate by affecting
the real interest rate and overall demand. Second, the unemployment rate is an endogenous vari-
able: It is correlated with cost-push shocks. To the extent that those shocks affect unemployment,
estimates of the slope based on standard ordinary least squares regressions will be biased.

To separate the effects of demand-driven changes in unemployment from those of changing
inflation expectations (and address the first issue), we first incorporate the definitions of «; and &,
into Equation (2) and rearrange the terms, to have

Ty — /BEtﬂ_tJrl = —Eﬂt — @It(st > O)Stat + bs; + HIWt + &¢. (4)

Then, we define the variable y, ., = 7, — 57,1 and rewrite Equation (4) as

Y1 = —Eﬂt — aIt(st > O)Stat + bs; + QIWt + Ve (5)

with
Vep1 = E¢ + My

where the expectation error 7, ; = B(E,m+1 — m41) is orthogonal to the information set in period
t. We also compare our results with the estimates of Hazell, Herrefio, Nakamura, and Steinsson
(2021). Hazell et al. addressed “the problem of shifting values of [long-term inflation expectations]
confounding the estimation of the slope” by estimating regional (state-level) Phillips curves.

To address the problem of endogeneity, we use the shocks to U.S. monetary policy identified
by Bu, Rogers, and Wu (2021) to instrument for the unemployment rate. Monetary policy surprises
are a viable instrument because they are orthogonal to the cost-push factors and the expectation
error included in the residual term v, 1, but they affect unemployment by altering overall demand.
Using externally identified monetary shocks as an instrument has a key advantage over the more
traditional approach of using lagged values of unemployment, inflation, or other macroeconomic
variables as instruments: Although lagged variables should be orthogonal to the expectation er-
ror, n,,, if the cost-push factors represented by the term ¢, are serially correlated, they will also
correlate with the residual term, v, 1, thereby violating the exogeneity condition for instrument



validity. Because monetary surprises are unexpected deviations from systematic monetary policy,
they should be exogenous to all leads and lags of v, .

The parameter « is of key interest—as is the time-invariant component of the slope, k—because
it determines the extent to which the effects of economic slack on inflation vary with supply con-
ditions. One approach to implementing the IV estimation of a and % is to use the current and all
of the past monetary policy shocks to instrument for the endogenous regressors u; and s;u; in
Equation (5). That approach, however, involves using many instruments, and when the number of
instruments is large relative to the sample size, inference based on standard IV (and generalized-
method-of-moments) estimates becomes less reliable (see Andrews and Stock, 2007). To mitigate
that problem, we follow Barnichon and Mesters (2020) in assuming that the responses of the en-
dogenous variables to monetary shocks at different horizons are smooth functions of time and can
be approximated by a second-order polynomial of the form ;, = ag+a,h+ash?, where x;, denotes
the h-quarter-ahead response of u; or s,u; to a monetary policy shock and ag, a;, and a, are con-
stant parameters. That specification reduces the number of instruments to three; those instruments
are denoted zy4, 2o, and z3; and defined as

No No N2
Z1p = E My, Zop = E X My_y, 234 = E 15 X My
i=N1 i=N1 i=N1

where m,_, denotes the monetary shock in quarter ¢ — ¢. Because monetary policy shocks affect
the economy with a lag, we set N; to 1 (rather than 0). We set N, to 15—roughly the midpoint
of the range recommended by Barnichon and Mesters (2020). We do not estimate the discount
factor 5. Instead, we set it to 0.99, which is within the standard range of values used in calibrated
macroeconomic models.

3.2 Data

The measure of supply conditions, s;, is the global supply chain pressure index (GSCPI) con-
structed by the staff of the Federal Reserve Bank of New York (see Figure 1 and Benigno et al.,
2022). The GSCPI measures the supply-side drivers of domestic and international transportation
costs as well as “the extent to which supply-chain delays in the economy impact producers—a vari-
able that may be viewed as identifying a purely supply-side constraint; ‘backlogs,” which quantifies
the volume of orders that firms have received but have yet to either start working on or complete;
and, finally, ‘purchased stocks,” which measures the extent of inventory accumulation by firms in
the economy” (Benigno et al., 2022). The GSCPI, therefore, is a useful summary of many eco-
nomic conditions affecting the supply curve. Figure 1 plots the path of this measure along with
inflation over the course of the sample period, showing a strong historical relationship between the



two, especially in the time since the COVID-19 pandemic.

The measure of inflation, 7, is the percentage change in the core personal consumption ex-
penditures price index over the previous 12 months; the unemployment rate, w;, is the number of
unemployed people as a percentage of the civilian labor force; and the noncyclical rate of unem-
ployment, u}, is CBO’s published measure. The control vector, ¥;, includes the percentage change
in oil and nonenergy import prices over the previous 12 months. The sample period runs from the
fourth quarter of 1997 to the third quarter of 2021.

3.3 Benchmark Results

Table 1 reports the estimated values of = and a, the corresponding p-values for the nulls & = 0 and
a = 0, and the averages of the state-dependent slope parameter for different periods. Standard F
statistics from the first-stage IV regressions indicate that monetary policy shocks are weak instru-
ments. For that reason, we conduct inference using Anderson—Rubin statistics, which are robust to
weak instruments (see Stock et al., 2002). The estimated values of the parameters = and « are pos-
itive and significantly different from zero. Those results indicate that increased supply-chain stress
steepens the Phillips curve and exacerbates the inflationary effects of stimulative fiscal policies.

Because the slack measure in our modified Phillips curve is logarithmic in the unemployment
rate, the time-invariant component of the slope term, %, does not exactly correspond to the constant
slope parameter in the standard NKPC. The parameter % is the semi-elasticity of the inflation rate
with respect to log(u:/uy). When the unemployment rate, w;, is low, the slope of the modified
Phillips curve (that is, the partial derivative dm,/du, in Equation 2) is steep, suggesting a larger
effect on inflation from changes in economic slack when labor markets are tight. (For example,
a decrease in the unemployment rate from 4 percent to 3 percent is much more inflationary than
a decrease from 8 percent to 7 percent.) As a result, the relationship between inflation and the
unemployment rate is stronger under tight labor market conditions such as those that prevailed in
late 2021 and early 2022.

The estimated average of the slope in the full sample period (1997 to 2021) is 0.026. That value
is greater than the recent estimate of Hazell et al. (2021), which was 0.0055 for the nonhousing
nontradable sector in the 1990-2018 period, but well within the range of values reported in the
recent literature (see Crump et al., 2022; Jgrgensen and Lansing, 2021; McLeay and Tenreyro,
2019). The sample period used by Hazell et al. (2021) ended in 2018, and the full-sample average
that we estimate is heavily influenced by the historically high levels of supply-chain stress in 2020
and 2021. Dropping the last three years to facilitate a better comparison, we find that the average
slope in the 1997-2018 period is 0.014. That value is closer to the weighted average of the slope
estimates for the nonhousing nontradable sector and housing services reported by Hazell et al.



Figure 1. A Measure of Supply Disruptions
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Note: The global supply chain pressure index is produced by the Applied Macro-
economics and Econometrics Center at the Federal Reserve Bank of New York (see
www.newyorkfed.org/research/policy/gscpi#/overview). It is expressed as standard deviations from
average values. The core personal consumption expenditures (PCE) price index excludes food and energy
prices. Data are monthly from January 1998 to May 2022. Shaded areas indicate business-cycle recessions,
as determined by the National Bureau of Economic Research.
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Table 1. Estimated Parameters and the Time-Variant Slope of the Phillips Curve

Parameters p-Values Average Slope
I3 a k=0 a=0 1997-2021 1997-2018 2011-2021
0.038 0.338 0.172 0.005 0.026 0.014 0.049

Note: Reported p-values are based on weak-instrument-robust Anderson—Rubin statistics.

Table 2. Comparison of Phillips Curve Specifications

Full-Sample Estimates p-Values Root Mean Square Error

Specification 3 a k=0 a=0 2010-2019 2010-2021
Linear 0.024 — 0.704 — 0.157 0.285
Linear, State-Dependent Slope  0.018 0.027 0.030 0.011 0.141 0.278
Convex, State-Dependent Slope  0.038 0.338 0.172 0.005 0.140 0.273

Note: This table shows the estimated values of the parameters and one-period-ahead root mean square errors for three
versions of Equation (5). “Linear” corresponds to the standard New Keynesian Phillips curve in Equation (1). “Linear,
State-Dependent Slope” replaces the time-invariant slope parameter in Equation (1) with the state-dependent version
in Equation (2). “Convex, State-Dependent Slope” corresponds to the full modified specification in Equation (2). The
reported p-values are based on weak-instrument-robust Anderson—-Rubin statistics.

(2021), though on the low end of the range of estimates reported by Crump, Eusepi, Giannoni, and
Sahin (2022).

The results shown in Table 1 suggest that state-dependent slope is an whether the state-dependent
Phillips curve has better forecasting properties than the standard linear NKPC. To answer that
question, we produce out-of-sample inflation forecasts using different specifications of the Phillips
curve and calculate the RMSE for one-quarter-ahead predictions. Specifically, we estimate the pa-
rameters of each model using data available through quarter 7', where T" goes from the first quarter
of 2010 to the third quarter of 2021 (that is, the forecast evaluation period), and use the estimated
models to forecast inflation in quarter 7" + 1.

Table 2 compares the forecasting performance of three alternative specifications of the Phillips
curve: the standard linear NKPC with no state dependence, a linear specification with state-dependent
slope, and the full modified specification with state-dependent slope and a convex relationship be-
tween the unemployment rate and inflation. In both the full evaluation period and the prepandemic
subperiod, the introduction of a state-dependent slope increases the model’s forecasting perfor-
mance, suggesting a relevant role for supply disruptions in inflation dynamics as a determinant of
the slope term even before the COVID-19 pandemic. The convex specification also yields a slightly
lower RMSE when included together with state-dependent slope in both samples. But the marginal
improvement generated by that feature is small, especially in the prepandemic period.
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3.4 Alternative Measures of Slack

The Phillips curve specification we have discussed so far describes inflation as a function of the
unemployment rate gap. The unemployment rate, however, is an imperfect measure of labor mar-
ket slack, and alternative measures of such slack—in particular, those that incorporate information
about job openings and individuals’ search activity—may provide a better measure of inflation-
ary pressures that result from changes in labor market conditions (see Furman and Powell, 2021).
Therefore, we consider three additional measures: the ratio of job openings to unemployed (V/U),
the quits rate, and the employment gap. Furman and Powell (2021) argued that the first two mea-
sures predict core CPI inflation better than the unemployment rate does in the 2001-2019 period,
and the employment gap (defined as the difference between the actual level of employment and
CBO’s estimate of the potential level) is another comprehensive measure of labor market slack.

Along with the three alternative measures of slack, we report an alternative measure of supply
conditions, s;: the Institute for Supply Management’s Backlog of Orders Index for the manufac-
turing sector. That index is intended to capture whether goods supply backups are increasing or
decreasing and is similar to the backlogs measure used by Ball, Leigh, and Mishra (2022), but for
goods only. For comparison with the coefficients on the GSCPI in the other specifications, we stan-
dardize this index such that the units are standard deviations from the mean value over the sample
period.

In addition to the alternative slack and supply measures, we investigate two alternative methods
for incorporating inflation expectations. In Equation (2), expectations that drive inflation dynamics
are entirely forward-looking, and expectation errors are assumed to be orthogonal to the infor-
mation available at the time when expectations are formed. To evaluate a case in which inflation
expectations also depend on lagged inflation, we first consider a “hybrid” specification of the form

Ty = —klly + YTe—1 + (B — 7) Eympr + &4,

where all variables are defined as in Equation (2). The hybrid case can be motivated by the
possibility that some businesses index their prices to past inflation or have backward-looking
expectations. We estimate the parameters of the hybrid specification by including the variable
Yori1 = Ti—1 — T AS an endogenous regressor in Equation (5).! That variable captures relevant
information if expectation errors in period ¢ are correlated with inflation in period ¢ — 1. Second,
we consider a survey-based measure of inflation expectations. Specifically, we estimate the form

T = — kil + V1M1 + Yo Eymr + &4,

L In this case, the expectation error captured in the residual term in Equation (5) is defined as N1 = (B —
V(EeTes1 — Tep1) -
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where Etwtﬂ represents the median expectations of one-year-ahead inflation as measured by the
University of Michigan’s Surveys of Consumers.

Table 3 shows the estimated parameters and the RMSE of out-of-sample forecasts under alter-
native specifications in both the prepandemic period and the full evaluation period. Allowing the
slope parameter to vary with supply conditions produces lower RMSEs across the board (that is,
under all considered specifications and measures of slack, and in both samples). Introducing con-
vexity in addition to state dependence delivers mixed results: It yields lower RMSEs under some of
the specifications but produces higher RMSEs in others. But, as in the benchmark case, the effect
on RMSEs is small relative to the improvement achieved by the state-dependent slope term.

Comparison of different slack measures also offers a mixed picture, though the evidence sup-
ports that alternative measures are appropriate for use in the Phillips curve. The ratio of job open-
ings to unemployed produces the lowest RMSE in the prepandemic period and outperforms the
unemployment rate gap under most of the specifications in the prepandemic and full samples.?
However, the quits rate performs best in the full sample. The employment gap performs at least
as well as the unemployment rate gap (used in the benchmark specification) in both samples. The
hybrid model with lagged inflation exhibits the worst performance, probably because of the ad-
ditional uncertainty arising from the estimation of the lagged inflation coefficient. Those findings
suggest that, although the slack measures that are based on labor market indicators (such as the
job-openings-to-unemployment ratio or the quits rate) perform better than the unemployment rate
gap under most of the specifications, no single measure of slack is clearly superior to the others
under all specifications and in both the prepandemic and full evaluation periods.®

3.5 The Effect of Supply-Chain Conditions on the Phillips Curve:
Regional Evidence

So far, we have presented evidence that a nonlinear Phillips curve with a state-dependent slope term
exhibits better predictive performance than a standard Phillips curve. In this section, we augment
that evidence by using regional inflation and supply-chain information, defining a region as a group
of counties included in the CFS. We find suggestive evidence that interactions of supply conditions
and slack are a relevant determinant of inflation dynamics at the regional level, as they are at the

2 This result is consistent with the findings of Furman and Powell (2022) and Barnichon and Shapiro (2022).
By comparing the adjusted R? statistics from linear Phillips curve regressions that used different measures of slack,
Furman and Powell concluded that the ratio of unemployed workers to job openings was the best predictor of core CPI
inflation in the 2001-2019 period. Barnichon and Shapiro compared nine alternative measures of slack and found that
the ratio of vacancies (or job openings) to unemployment exhibited the best out-of-sample forecasting performance.

3 We also evaluated a model using a quadratic specification to capture nonlinearities in the unemployment gap,
finding RMSEs of 1.542 and 1.654 in the full and shortened sample, respectively. Though the in-sample fit is good
under this specification, out-of-sample forecast errors are large, suggesting that this model may suffer from overfitting.
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Table 3. Estimated Values of the Parameters and Root Mean Square Errors Under Different Measures
of Slack and Alternative Specifications of the Phillips Curve

Full-Sample Estimates p-Values Root Mean Square Error
Specification K a k=0 a=0 2010-2019 2010-2021

Job-Openings-to-Unemployed Ratio

Linear 0.072 — 0.679 — 0.182 0.283

Linear, State-Dependent Slope 0.027 0.244 0.106 0.014 0.156 0.262

Convex, State-Dependent Slope -0.062 -0.092 0.045 0.062 0.134 0.278
Quits Rate

Linear 0.051 — 0.679 — 0.167 0.278

Linear, State-Dependent Slope -0.003 0.146 0.362 0.008 0.143 0.219

Convex, State-Dependent Slope 0.026 0.340 0.247 0.017 0.149 0.212
Employment Gap

Linear -0.008 — 0.704 — 0.154 0.280

Linear, State-Dependent Slope 0.002 0.020 0.164 0.005 0.136 0.259

Convex, State-Dependent Slope 0.245 2.958 0.167 0.004 0.136 0.260
Hybrid Case With Lagged Inflation

Linear 0.018 — 0.780 — 0.197 0.332

Linear, State-Dependent Slope -0.006 0.033 0.648 0.030 0.192 0.371

Convex, State-Dependent Slope -0.050 0.272 0.724 0.016 0.196 0.350
Backward-Looking

Linear 0.176 — 3e-5 — 1.592 1.868

Linear, State-Dependent Slope 0.014 0.036 0.200 0.021 0.251 0.562

Convex, State-Dependent Slope 0.042 0.262 0.089 0.013 0.247 0.558
Order Backlogs

Linear, State-Dependent Slope 0.022 0.066 0.025 0.019 0.163 0.303

Convex, State-Dependent Slope 0.056 0.646 0.111 0.017 0.163 0.295

Note: This table reports the estimated values of the parameters and one-period-ahead root mean square errors for
different specifications of Equation (5) under alternative measures of labor market slack. “Linear” corresponds to the
standard New Keynesian Phillips curve in Equation (1). “Linear, State-Dependent Slope” replaces the time-invariant
slope parameter in Equation (1) with the state-dependent version in Equation (2). “Convex, State-Dependent Slope”
corresponds to the full modified specification in Equation (2). The reported p-values are based on weak-instrument-
robust Anderson—Rubin statistics.
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national level.

3.5.1 A Time-Varying Regional Phillips Curve

McLeay and Tenreyro (2019) showed that if inflation and the output gap can be written as weighted
averages of regional inflation and output gaps, and the Phillips curve relationship is the same in
every region, then Equation (1) can be written as

T, = BEm;,, + KT} + €], (6)

where ¢ denotes the output gap in region . Assuming that the relationship between output and
unemployment gaps is similar across regions and subtracting each region’s inflation and unem-
ployment gap from national averages, we can rewrite Equation (6) as

7_712; = ﬁEﬂ_TiH - ’fuai + Ei, (7)

where the variables with bars denote differences from national averages. To introduce supply-
chain-induced time variation in the slope parameter as in Equation (2), we modify Equation (7)
as

T = ﬁEﬂ_ri—&-l — (K" + a15, + ags; + assys;)u; + v}, (8)

where

vi = by 8; + bos; + bzsys; + EL.

In Equation (8), the effects of supply disruptions on the slope parameter are represented by
three separate terms: the supply-chain disruption index, s;; a measure of region :’s exposure to
supply disruptions, s;; and the interaction of supply disruptions and regional exposure, s;s;.* The
aggregate supply measure s; is the GSCPI measure from the Federal Reserve Bank of New York.
We construct the exposure variable s; by measuring the magnitude of each region’s trade within
the United States. Specifically, we use data from the most recent CFS to calculate the total value of
shipments to establishments in a CFS subregion.® We then divide that value by the sum of the GDPs
of the counties included in that region, thereby obtaining a measure of local trade activity that is
defined relative to the size of the economy in that locality. Intuitively, the subregions in which the
value of shipments is greater relative to the size of the economy are likely to be more exposed
to supply-chain issues, especially in times of global shortages. Indeed, Figure 2 shows a positive

4 This method of measuring exposure to supply-chain issues is similar to the method employed by Santacreu and
LaBelle (2022) to evaluate supply disruptions at the industry level.

5 The most recent CFS was conducted in 2017. A CFS subregion is a group of counties within a state. A subregion
is associated with one or more metropolitan statistical areas (MSAS) or with some large portion of a state not associated
with a large MSA. We consider only subregions that are explicitly linked to at least one MSA.
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relationship between exposure to trade, as measured by the value of shipments to establishments
in a region divided by that region’s GDP, and local inflation in 2021.

We calculate inflation for each subregion by using implicit price deflators at the metropolitan
statistical area (MSA) level, which are available at annual frequency from the Bureau of Economic
Analysis (BEA).® We then match MSA-level inflation to counties linked to subregions in the CFS
data that are located in MSAs. For the subregions that include more than one MSA, we use the
average inflation across counties. We construct annual unemployment rates by averaging monthly
rates from the Bureau of Labor Statistics at the county level and then averaging those annual
rates across counties within a subregion. Measures of noncyclical unemployment are not readily
available at the local level. For that reason, we use the unemployment rate in place of .. In a
robustness check, we construct an alternative unemployment gap measure by assuming that the
gap was zero in 2016 in all regions and the local noncyclical rate has a constant difference from
the national noncyclical rate.” We call this the “synthetic” unemployment gap.

Estimating regional Phillips curves by using cross-sectional data also helps alleviate the endo-
geneity problem. That is because monetary policy cannot respond to regional demand shocks by
using a single interest rate or other policy tools that operate at the national level. As a result, those
shocks are expected to play a more important role in driving the variation that is used to identify
the slope of the Phillips curve. Using regional data, however, does not fully address the issue of
endogeneity. Thus, we use an IV approach as described in the previous section. A key concern
with using the past values of externally identified monetary policy shocks (that is, the instrument
we used to estimate the national Phillips curve) is that, at annual frequency, past values of mone-
tary shocks are extremely weak instruments for regional unemployment rates. For that reason, we
follow the more commonly adopted approach of using lagged values of regional GDP growth as in-
struments. Specifically, we use the two-period lagged value of regional GDP growth to instrument
for the regional unemployment gap.

3.5.2 Results

Table 4 presents the results under six alternative specifications that differ by the estimation sample,
whether the log specification is used for unemployment, and whether the indicator function for s, >
0 is included in Equation (8) by using the variable I;(s; > 0) x s; in place of s;. All specifications
incorporate backward-looking inflation expectations because, with annual data, using forward-
looking expectations results in the most recent observation (for the year 2021) being dropped

6 Those price deflators are published along with BEA’s regional price parities and allow the construction of MSA-
level inflation rates at the annual frequency.

" In CBO’s estimation, the national unemployment gap crosses from positive to negative between the fourth quarter
of 2016 and the first quarter of 2017. Therefore, the gap is estimated to be zero by the end of 2016.
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Figure 2: Local Area Supply Chains and Inflation, 2021
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Table 4. Estimated Parameters of the Regional Phillips Curve

@) 2 ®3) 4) (®) (6)
K* 0.354** 0.377** 0.477 2.329** 2.47** 2.037
(0.166) (0.178) (0.739) (1.135) (1.23) (3.217)
ai -0.107 -0.107 -0.448 -0.621 -0.628 -1.852
(0.101) (0.104) (0.307) (0.596) (0.614) (1.251)
a9 -0.038 -0.054 -0.125 -0.330 -0.409 -0.475
(0.103) (0.127) (0.269) (0.520) (0.629) (1.164)
as 0.128***  0.104** 0.176* 0.644** 0.544** 0.820**
(0.053) (0.045) (0.091) (0.275) (0.238) (0.412)
Measure of ! Linear Linear Linear Log Log Log
Indicator No Yes No No Yes No
Sample 2011-2021 2011-2021 2017-2021 2011-2021 2011-2021 2017-2021

Note: This table reports results for various estimation specifications for Equation (9). All regressions include state
and year fixed effects. Standard errors clustered at the state level are presented in parentheses. The sample comprises
Commodity Flow Survey subareas from 2011 to 2021. *p < 0.10, **p < 0.05, ***p < 0.01.

from the estimation sample. Preserving that data point is important for keeping a key observation
of supply disruptions and inflation in the sample. All specifications include state and time fixed
effects, and standard errors are clustered at the state level.

The results shown in Table 4 suggest that the state-dependent Phillips curve is empirically
relevant at the regional level, as it is at the national level. The estimated values of the coefficient
as—the parameter measuring the time-varying effect of the regional exposure to supply disruptions
on the slope of the Phillips curve—is positive and statistically significant under all specifications.
Therefore, economywide supply disruptions steepen the Phillips curve more in regions that are
more exposed to such disruptions. A rough glance at the estimates under different specifications
reveals that, when shipments equal local GDP (that is, s; = 1) and the economywide supply
disruptions are 1 standard deviation above the long-run average (s; = 1), the slope of the Phillips
curve increases by about a third. The results also indicate that the time-invariant component of the
Phillips curve slope is positive under all specifications and statistically significant under most of
them. These findings are consistent with our earlier results, which were based on national data.

Table 5 presents the results under an alternative specification of regional economic slack. When
the variable ¢ in Equation (8) represents the previously discussed synthetic unemployment gap
(rather than the actual rate of unemployment in region ), the coefficient a3 remains positive and
statistically significant in the full sample regardless of whether the indicator function for s, > 0
is included in Equation (8). When we restrict our attention to the much shorter subsample for the
2017-2021 period, the estimate for a3 is no longer significant (as one might expect).

Because limitations on the availability of regional data compel us to use a short sample period,
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Table 5. Regional Phillips Curve Parameters Under the Synthetic Unemployment Gap

1) (2 ®)
KY 0.847** 0.875 0.114
(0.424) (0.641) (4.244)
ay -0.186 -0.203 -1.716
(0.309) (0.382) (1.723)
Qs -0.251 -0.135 -0.778
(1.437) (2.672) (2.587)
as 0.139** 0.123* 0.588
(0.062) (0.066) (0.514)
Indicator No Yes No

Sample  2011-2021 2011-2021 2017-2021

Note: All regressions include state and year fixed effects. Standard errors clustered at the state level are presented in
parentheses. The sample comprises Commaodity Flow Survey subareas from 2011 to 2021. *p < 0.10, **p < 0.05, ***p
<0.01.

we interpret our regional results as suggestive rather than definitive evidence of the effect of supply
disruptions on the slope of regional Phillips curves. On the basis of that suggestive evidence, we
conclude that Phillips curves may be heterogeneous across regions and that this heterogeneity is
related in part to measures of exposure to supply-chain disruptions. We take these regional results
as generally supportive of our previous conclusions about the effects of economywide supply dis-
ruptions on the slope of the Phillips curve. Our results also highlight the need for further research
on local supply conditions and how they are related to regional inflation outcomes.

4 Effects of Government Spending on Inflation

In this section, we quantitatively assess the implications of supply conditions and economic slack
on the inflationary effects of fiscal policy. To that end, we analyze an illustrative policy that would
boost overall demand by increasing government spending. Under that policy, government pur-
chases would increase by 1 percent of potential GDP over four consecutive quarters, and the addi-
tional spending would be financed by increased borrowing (rather than increased taxes or reduced
transfers).

4.1 Characterization of the Demand Side and Monetary Policy

The Phillips curve we have examined thus far describes the effects of overall demand (as captured
by the unemployment rate gap or other measures of economic slack) on inflation. To fully evaluate
those effects, however, one must account for the response of monetary policy to inflationary or
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deflationary pressures that result from changes in demand and how that response, in turn, affects
inflation. Therefore, the effects of fiscal policy on inflation are best analyzed in a general equilib-
rium framework that captures the response of monetary policy to inflation and the effect of inflation
expectations on overall demand (in addition to the effect of overall demand on inflation described
by the Phillips curve).

4.1.1 The Response of Monetary Policy to Inflation

In response to inflationary pressures, the central bank raises short-term nominal interest rates to
prevent inflation from deviating from a target rate in the long term. That response can be described
by a standard Taylor-type feedback rule of the form

Z.t = maX{O, (1 — Ar)itfl -+ )\T(Z;k -+ )\ﬂ-ﬂ't -+ )\yyt>}7 (9)

where i, denotes the short-term nominal interest rate controlled by the central bank and y; denotes
the output gap, defined as the difference between the logs of actual and potential levels of output.
Parameters A\, and )\, measure the responsiveness of the nominal rate to inflation and output gap
fluctuations, respectively. Parameter )\, measures the degree of monetary policy inertia (or smooth-
ing), and 7; denotes the central bank’s target interest rate. Equation (9) rules out negative values
for the nominal rate by incorporating an effective lower bound for i, at zero.

4.1.2 The Effect of Inflation Expectations on Overall Demand

In a broad class of general equilibrium models, including the standard New Keynesian framework,
inflation expectations affect overall demand by altering the real interest rate, defined as the dif-
ference between the nominal rate and expected inflation, i, — F;m;, 1. An increase in the real rate
causes private saving to be higher (and spending lower) by making current consumption more
expensive in terms of future consumption, thereby reducing overall demand; a decrease does the
reverse. That relationship can be captured by an equation of the form

1, .
Y = —;(lt — Eminn) + By + 4 (10)

where the composite term ~, represents external factors that affect overall demand, such as pur-
chases of goods and services by the government.

Equation (10) is based on the intertemporal allocation of private spending that households
implement in a class of models in which households’ decisions about consumption and saving are
forward-looking and rational, and it is obtained by linearizing the first-order optimality condition
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Table 6. Parameter Values

Parameter Value Description

o 3 Inverse of intertemporal substitution elasticity

a —0.5 Okun’s law coefficient

R 0.038 Invariant slope parameter

a 0.338 Responsiveness of the slope to supply disruptions
p 1.5 Monetary policy response to inflation

Ay 0.5 Monetary policy response to output gap

Ar 0.6  Monetary policy inertia parameter

Note: This table shows the calibrated values of the parameters. The values of the time-invariant slope parameter and
the responsiveness of the slope term to supply disruptions correspond to the estimated values reported in Table 1.

governing households’ consumption expenditure (that is, the consumption Euler equation).® The
parameter o > 0 is the inverse of the elasticity of intertemporal substitution and determines the
responsiveness of demand to changes in the real interest rate.

The Phillips curve Equation (2) describes inflation as a function of the unemployment rate
gap (rather than the output gap). To complete the model, we specify the relationship between the
unemployment rate and output gaps as u; — u} = ay;, where « is a constant. That relationship and
Equations (2), (9), and (10) fully characterize the dynamics of the inflation rate, the output gap, the
unemployment rate gap, and the interest rate as functions of the exogenous variables &,, iy, and ~,.

4.2 Calibration

To quantitatively evaluate the effects of the illustrative policy on inflation, we next assign values
to the parameters of the model described by Equations (2), (9), and (10). Each period in the model
represents one quarter. We set the inverse of the elasticity of intertemporal substitution, o, to 3,
which is within the range used in the literature and consistent with the value used in CBO’s over-
lapping generations model (see Nishiyama and Reichling, 2015, and Table 6). We set the monetary
policy parameters A, A, and A\, to 0.6, 1.5, and 0.2, respectively; those values are also fairly stan-
dard in the literature (see, for example, Orchard et al., 2022; Christiano et al., 2011). We assign
the value —0.5 to the constant «, which is consistent with the relationship commonly known as
Okun’s law. Finally, we assign the estimated values 0.038 and 0.338 to the slope parameters = and
a, respectively.

We analyze the effects of the illustrative policy on inflation in two steps. In the first step, we
calibrate the model’s exogenous processes to replicate CBO’s baseline projections over the next
three decades. Specifically, we set the values of &,, i}, and ~, in quarters ¢ = 1,2,...120 so that

8 For more detailed discussions, see Woodford (2003) and McCallum and Nelson (1999).
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the inflation rate, the unemployment rate gap, and the interest rate sequences produced by the
model match CBQO’s baseline projections for the 2023—-2053 period on a quarterly basis. Replicat-
ing CBO’s baseline projections in the first step ensures that, in the absence of the policy change,
the model produces outcomes that are consistent with the existing outlook for unemployment, in-
flation, and supply conditions. That consistency is important for accurately assessing the effects of
policy changes, because convexity of the Phillips curve and state dependence of the slope render
the inflationary effects of fiscal policy sensitive to the unemployment rate and supply conditions
that prevail in the absence of the policy change.

In the second step, we evaluate the effects of the illustrative policy by increasing the exogenous
component of overall demand, ~,, by 1 percentage point in quarters ¢t = 1,2, 3, and 4. That value
measures the size of the initial shock to the output gap from the boost in government purchases be-
fore the monetary policy response and other general equilibrium effects are taken into account (and
corresponds to roughly $260 billion in the second quarter of 2023). We then solve Equations (2),
(9), and (10) by using that alternative path for v, (while using the baseline paths for £, and ¢; pro-
duced in the first step). We examine the effects of the policy by calculating the difference between
the inflation paths produced in the first and second steps.

4.3 Results

Figure 3 shows the responses of inflation and the interest rate to the increase in government pur-
chases under the baseline calibration shown in Table 6. The boost in demand causes inflation to
increase by 15 basis points in the first quarter. The central bank responds by raising the short-term
interest rate, which reduces the upward pressure on prices by dampening demand. The response of
inflation diminishes monotonically over the subsequent quarters and disappears by the end of the
fourth quarter as the fiscal stimulus fades. The increase in the interest rate, however, continues be-
yond the fourth quarter because of monetary policy inertia—that is, the central bank’s commitment
to keeping the interest rates high for an extended period of time to quell inflation pressures. That
commitment has a stabilizing effect on inflation expectations, which helps reduce the persistence
of the effects on inflation.

4.3.1 The Role of Supply Disruptions

The results shown in Figure 3 are based on the assumption that the disruption index, s;, remains
at its average value of zero after the second quarter of 2023. To examine how the response of
inflation changes with supply pressures, we evaluate the policy under an alternative scenario, called
Scenario 1, in which disruptions in the second, third, and fourth quarters of 2023 are as severe as
those that occurred in 2021. Under that scenario, the increase in inflation in the second quarter of

21



Figure 3. Effects of the Illustrative Policy on Inflation and the Interest Rate
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Note: This figure shows the effects of the illustrative policy on core personal consumption expenditures
inflation and the short-term interest rate in the calibrated model.
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2023 is nearly five times as large as the increase under the baseline path, and the average increase
in 2023 is nearly seven times as large (see Figure 4).

4.3.2 The Role of Slack

To evaluate how the amount of slack, as measured by the rate of unemployment, affects the re-
sponse of inflation to the boost in government purchases, we next examine what would happen
if the policy change occurred in a state of high unemployment (that is, starting from a position
of slack) rather than a state of low unemployment and tight labor markets. We consider a coun-
terfactual scenario, called Scenario 2, in which the unemployment rate in the first quarter of the
policy change is 7 percent (that is, about 3.2 percent greater than the baseline value) and remains
elevated over the next four quarters, averaging 6 percent, before returning to CBO’s baseline path
by the end of 2024. Under that scenario, the increase in inflation in the second quarter of 2023 is
87 percent smaller than the increase under the baseline specification, and the average increase in
2023 is about 80 percent smaller.

4.3.3 Interaction of Supply Disruptions With Slack

Our results indicate that supply conditions and slack both matter for the effects of policy changes
on inflation. Higher supply-chain stress and lower slack amplify policies’ inflationary pressures;
lower supply-chain stress and higher slack do the reverse. Another key finding is that lower slack
magnifies and higher slack reduces the impact of supply disruptions on the inflationary pressure
from expansionary policies. To assess that relationship, we evaluate a counterfactual scenario,
called Scenario 3, in which supply disruptions remain elevated (as specified in Scenario 1) and
the economy starts from a position of slack (as specified in Scenario 2). Under that scenario, the
increase in inflation is roughly 29 percent smaller in the second quarter of 2023 than the increase
under Scenario 1 (in which the economy initially has low slack), and the average increase in 2022
and 2023 is about 25 percent smaller (see Figure 4). Those results suggest that the combined effect
of increased supply-chain stress and reduced slack exceeds the sum of the individual effects from
those changes and, therefore, that the interaction of supply conditions and slack plays an important
role in inflation dynamics.

5 Conclusion

This paper proposes and estimates a new Phillips curve with two important differences from the
standard specification. First, the slope parameter depends on the prevailing supply conditions. We
find that state-dependent slope, one that steepens in times of restrained supply, is an empirically
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Figure 4. Responses of Inflation to The Policy Change Under Alternative Scenarios
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Note: This figure shows the effects of the illustrative policy on core personal consumption expenditures
inflation under alternative paths for supply disruptions and economic slack. Scenarios 1, 2, and 3 represent
paths in which supply disruptions in 2023 are as severe as they were in 2021 (Scenario 1), the unemployment
rate in the first quarter of the policy change is 3.2 percentage points greater than the value in the baseline
specification (Scenario 2), and supply disruptions remain as elevated as in Scenario 1 and the economy starts
from a position of slack as in Scenario 2 (Scenario 3).
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relevant feature of the Phillips curve and a helpful predictor of next-period inflation. Those find-
ings suggest that supply disruptions, such as those recently encountered in the United States and
elsewhere, affect both the level and the slope of the Phillips curve. Second, the relationship be-
tween inflation and economic slack is nonlinear—changes in slack have larger effects on inflation
when unemployment is low and labor markets are tight. We identify the parameters of the proposed
Phillips curve by adopting an IV approach, whereby we use externally identified monetary policy
shocks to construct valid instruments. We also investigate the predictive performance of the pro-
posed curve by using three alternative measures of slack: the ratio of job openings to unemployed,
the quits rate, and the employment gap. The state-dependent specification produces more accurate
out-of-sample inflation predictions in the post-2010 period than its linear counterpart under all
considered measures of slack.

The state-dependent slope and the nonlinear relationship between inflation and economic slack
suggest that the effects of fiscal policy on inflation depend on economic conditions, including
supply conditions and the amount of slack. We conduct quantitative analysis by incorporating
the proposed Phillips curve into an otherwise standard New Keynesian model and evaluating the
effects of an illustrative policy increasing government purchases. We find that, under a plausible
set of parameter values, continued supply disruptions, low slack, and the interaction of supply
disruptions with low slack each amplify the inflationary effect of increased government purchases.
Our results suggest that fiscal policies implemented over the past couple of years would have had
a smaller effect on inflation if disruptions to supply in product and labor markets had not occurred.
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