
Journal Pre-proof

Nonlinear unemployment effects of the inflation tax

Mohammed Ait Lahcen, Garth Baughman, Stanislav Rabinovich,
Hugo van Buggenum

PII: S0014-2921(22)00146-5
DOI: https://doi.org/10.1016/j.euroecorev.2022.104247
Reference: EER 104247

To appear in: European Economic Review

Received date : 19 October 2021
Revised date : 1 July 2022
Accepted date : 9 July 2022

Please cite this article as: M.A. Lahcen, G. Baughman, S. Rabinovich et al., Nonlinear
unemployment effects of the inflation tax. European Economic Review (2022), doi:
https://doi.org/10.1016/j.euroecorev.2022.104247.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the
addition of a cover page and metadata, and formatting for readability, but it is not yet the definitive
version of record. This version will undergo additional copyediting, typesetting and review before it
is published in its final form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.euroecorev.2022.104247
https://doi.org/10.1016/j.euroecorev.2022.104247
http://creativecommons.org/licenses/by-nc-nd/4.0/


Journal Pre-proof

ve
Sy ee
for as
Alt is-
Po e,
Qa d
Ma

il:
m.

ll,
NC
Nonlinear Unemployment Effects of the Inflation Tax∗

Mohammed Ait Lahcen†

Qatar University

Garth Baughman

Federal Reserve Board of Governors

Stanislav Rabinovich‡

University of North Carolina at Chapel Hill

Hugo van Buggenum§

ETH Zürich
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Abstract

Long-run inflation has nonlinear and state-dependent effects on unemployment, output, and

welfare. We show this using a standard monetary search model with two shocks – produc-

tivity and monetary – and frictions in both labor and goods markets. Inflation lowers the

surplus from a worker-firm match, in turn making it more sensitive to both productivity

shocks and further increases in inflation. We calibrate the model to match key aspects of

the US labor market and monetary data. The calibrated model is consistent with a number

of empirical correlations, which we document using panel data from the OECD: (1) there is

a positive long-run relationship between anticipated inflation and unemployment; (2) there

is also a positive correlation between anticipated inflation and unemployment volatility; (3)

the long-run inflation-unemployment relationship is stronger when unemployment is higher.

The key mechanism through which the model generates these results is the negative effect

of inflation on measured output per worker, which is likewise consistent with cross-country

data. Finally, we show that the welfare cost of inflation is nonlinear in the level of inflation

and is amplified by the presence of aggregate uncertainty.
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Introduction

acting as a tax on cash-intensive activity, long-run inflation leads to reduced output per worke

d, in the presence of labor market frictions, increased unemployment. This result is a robu

ediction of the monetary search literature that explicitly models both goods and labor mark

ctions, such as Berentsen et al. (2011), as well as much of the literature preceding it that mode

ney in reduced form, e.g. Cooley and Hansen (1989) and Lucas (2000). However, research o

e effects of anticipated inflation has focused predominantly on its effect on average outcome

gely abstracting from whether or how it affects the business cycle. In this paper, we argue th

g-run inflation has significant effects on short-run unemployment volatility; more generally, th

nlinear and state-dependent effects of inflation should be taken into account when evaluatin

effects on employment, output and welfare. We motivate this empirically, using cross-countr

ta. We then show the importance and sources of nonlinearities quantitatively, using a standar

netary search framework with goods and labor market frictions.

We first use cross-country panel data from the Organization for Economic Cooperation an

velopment (OECD) to document three empirical correlations. First, as already expected fro

e existing literature and confirmed e.g. by Berentsen et al. (2011) in US data, the long-ru

rrelation between anticipated inflation and unemployment is positive.1 Second, there is also

sitive correlation between anticipated inflation and unemployment volatility. Third, the rel

nship between anticipated inflation and the level of unemployment is also state-dependent an

nlinear: the positive correlation is stronger when unemployment is higher.

We then explore whether, and through what channels, a standard monetary search model ca

ionalize these correlations. Our model environment closely follows the model of Berentsen et a

11), which combines labor and goods market frictions. Firms hire workers in a frictional lab

rket, and then sell some of their production to households in a frictional goods market whe

ney is essential. We extend this framework by introducing both monetary and productivi

ocks, so that our model allows for the analysis of unemployment volatility in response to the

ocks, as well as the interaction between them.

Theoretically, several forces might amplify shocks and drive nonlinear behavior in this fram

rk. To start with, insights from the analysis of unemployment volatility in the Diamon

ortensen-Pissarides (DMP) framework (Shimer (2005), Hagedorn and Manovskii (2008), Ljungq

d Sargent (2017)) carry over naturally to the Berentsen et al. (2011) environment. A small su

s from an employment match amplifies the responsiveness of vacancy creation, and hen

employment, to shocks. This well-known result turns out to have a number of novel implic

ns once both productivity shocks and monetary shocks are present and interact. By reducin

1Throughout, we use long-term nominal interest rates as a proxy for anticipated inflation; see the discussion
tion 3.
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netary trade in the goods market, inflation lowers the surplus from a job match, thus makin

employment more responsive to productivity shocks and amplifying unemployment volatilit

rough the same channel, a higher level of inflation also makes unemployment more sensitiv

further increases in inflation, implying a nonlinear effect of inflation on unemployment level

nversely, a decrease in productivity likewise makes unemployment more sensitive to changes

ation. This two-way interaction between real and monetary shocks has the potential to rati

lize the empirical patterns described above and generate significant nonlinearities. Moreove

e nonlinearity of the matching technology itself may drive some of the model’s dynamics,

phasized in Bernstein et al. (2021).

Because the framework upon which we build, Berentsen et al. (2011), features both monetar

de and goods market frictions, it therefore contains mechanisms absent from the benchmar

P model. Endogenous money demand implies that the relative size of the monetary se

, an important factor for the aforementioned amplification effects, depends itself on inflatio

oreover, goods market frictions generate a feedback effect from employment to match outpu

increase in employment lowers a firm’s probability of finding a buyer in the goods marke

us lowering its profits from a match, all else equal; on the other hand, it also raises a buyer

obability of finding a seller, thereby raising a buyer’s incentive to carry real balances. Good

rket frictions may thus act as either an amplifying or a dampening mechanism, depending o

rameters. As a result, there are multiple mechanisms potentially contributing to the model

namics; both the signs of these channels and their relative importance are a priori unclea

tivating our quantitative analysis.

To assess the model’s performance as well as its implications for volatility and welfare, w

ulate the model numerically. We discipline the model by calibrating parameters to matc

ient features of both money demand data, such as velocity, and labor market data, such

or market flows and unemployment volatility. We validate the model based on its ability

licate the correlation between inflation and unemployment volatility, as well as the nonli

r correlation between inflation and unemployment levels that we find in the data. We fin

at the model matches these regularities well. In line with the aforementioned match surplu

annel, it also predicts a negative correlation between anticipated inflation and measured lab

oductivity, which we likewise confirm in the cross-country data. We illustrate the nonlinear an

te-dependent dynamics of the model by computing generalized impulse response functions fo

ing a negative productivity shock. The response of employment, output, and monetary trad

shocks is stronger when trend inflation is high. For example, the average increase in unem

yment on impact, in response to a one standard-deviation productivity shock, is on averag

times stronger when trend inflation is 8% than when it is 3%.

We also examine in more detail the sources of nonlinear behavior. As mentioned above, th

vious candidate is the conventional small-surplus channel: inflation lowers the match surplu

3
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ereby amplifying its response to both productivity shocks and further changes in inflation. A

inted out by Bernstein et al. (2021), the shape of the matching function itself implies that shock

ve a larger effect on unemployment when unemployment is already high, further contributin

nonlinear dynamics. However, goods market frictions specific to the Berentsen et al. (201

roduce additional feedback effects from employment to match surplus, due to either buyer

ney demand responses or congestion effects in the goods market. In Section 7 we argue, v

teady-state decomposition exercise, that nonlinear effects in the calibrated model are drive

imarily by the small-surplus channel, though the nonlinearity of the matching function al

ys an important role. On the other hand, feedback effects operating through goods mark

ctions are less significant, both because these feedback effects consist of opposing channels th

set each other, and because the fraction of total trade taking place in the frictional good

rket is small in the calibrated model. These claims are also confirmed by robustness checks

ction 8.4, which show that it is the labor market parameters (notably the value of unemploymen

nsumption and the elasticity of the matching function) that are of primary importance for th

del’s amplification mechanism.

Finally, we use the model to evaluate the welfare cost of inflation and the extent to which i

eraction with volatility matters. We find that increasing the trend inflation rate from -2.75

hich corresponds to a 0% nominal interest rate) to 10% leads to a welfare loss of 5.28%

nsumption-equivalent terms. Decomposing this number reveals that the welfare cost is nonline

the level of inflation. For example, increasing inflation from -2.75% to 5% reduces welfare b

4 percentage points, while increasing it from 5% to 10% leads to an additional welfare loss

5 percentage points. We then analyse the contribution of aggregate uncertainty to the cost

ation. An identical economy without aggregate shocks implies a welfare loss of only 4.88%

mpared to 5.28% in the baseline economy. This amplification effect matters only at high levels

ation. Our results thus suggest that the interaction of high inflation and aggregate uncertain

important for assessing welfare effects – both because inflation amplifies the responsivene

unemployment to further increases in inflation, and because inflation amplifies unemploymen

latility in response to productivity shocks.

Section 2 positions our paper in the context of the existing literature on monetary searc

dels, the effects of inflation, and unemployment dynamics. Section 3 describes our empiric

alysis and findings using OECD data. Section 4 lays out the model environment, and Sectio

haracterizes its equilibrium conditions. Section 6 describes our calibration strategy. In Sectio

we inspect the mechanisms driving the model’s nonlinearities. We do so by analytically chara

izing the model’s comparative statics properties in steady state, and then provide a numeric

composition of these comparative statics in the calibrated model. Section 8 reports the ma

antitative results, verifying that the model is consistent with the documented empirical corr

ions, and providing additional robustness checks. Section 9 draws implications for the welfa
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st of inflation. Section 10 concludes.

Relationship to literature

r paper contributes to the research on the welfare cost of inflation in micro-founded models

ney demand, starting with the work by Lagos and Wright (2005). Our work complements

wing literature combining goods and labor market frictions to study the effects of monetar

licy on unemployment, starting with Berentsen et al. (2011) and developed in work such

mis-Porqueras et al. (2013), Rocheteau and Rodriguez-Lopez (2014), Bethune et al. (2015

et al. (2021), Bethune and Rocheteau (2017), Dong and Xiao (2019), Ait Lahcen (2020

mis-Porqueras et al. (2020), He and Zhang (2020), and Jung and Pyun (2020), among other

mentioned above, this literature has largely viewed short-run volatility as orthogonal to th

g-run welfare effect of anticipated inflation. Perhaps this view stems from the conclusion

oley and Hansen (1989) that, in a frictionless environment, inflation has no first-order effe

the business cycle. Our findings imply that this view is not innocuous and that this conclusio

overturned in a frictional economy. To our knowledge, this is the first paper to analyze th

ects of inflation in a fully stochastic model with both real and monetary shocks, and bot

ods and labor market frictions. There is, of course, a rich literature studying the short-ru

ects of monetary policy in the presence of nominal rigidities. Moreover, an important recen

e of research, exemplified by the recent findings of Ascari et al. (2022) and surveyed in Asca

d Sbordone (2014), shows that trend inflation matters in New Keynesian models as well. We s

r work as complementary: we deliberately abstract from any consideration of nominal rigiditi

phasized in that literature, since we want to demonstrate that inflation matters for volatilit

d its effect on volatility matters for welfare, in a fully flexible-price economy where money serv

edium-of-exchange role.

Methodologically, we see our results as providing a quantitative validation of the Berentse

al. (2011) framework, which, as demonstrated by the above literature, has become a workhor

del for thinking about monetary-labor market interactions. Moreover, relative to the previou

erature, we provide a more detailed inspection of which mechanisms are quantitatively dominan

this framework. By explicitly modeling both goods and labor market frictions, the Berentse

al. (2011) model generates feedback mechanisms above and beyond the well-known amplificatio

annels in the standard DMP framework: e.g., as mentioned above, households’ money deman

pends on the employment level through the probability of meeting a seller and, conversely,

m’s profits from a match are endogenous and depend on the employment level as well. W

vertheless show that the conventional small-surplus channel, rather than these goods-lab

rket interactions, is the dominant force quantitatively in driving the model’s nonlinearities.

Our paper also contributes to the research on unemployment volatility, by examining how good

5
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rket frictions and monetary trade impact unemployment fluctuations. In fact, the analysis

is paper directly builds on the well-known insight from that literature that a small job matc

rplus leads to high unemployment volatility (Shimer (2005), Hagedorn and Manovskii (2008

ungqvist and Sargent (2017)). To our knowledge, we are the first to draw implications for th

ect of the inflation tax. The highly nonlinear behavior of our stochastic model is also direct

ated to similar findings in Petrosky-Nadeau and Zhang (2017, 2020), and Petrosky-Nadea

al. (2018). Like them, we employ a global solution method in order to accurately characteri

e model-implied dynamics. Our finding that the shape of the matching technology contribut

bstantially to nonlinear behavior is also in line with the recent results of Bernstein et al. (2021

ore broadly, the interaction of goods and labor market frictions also connects our work to th

earch by Petrosky-Nadeau and Wasmer (2015), who likewise find that such interaction h

portant effects for the resulting dynamics, though trade is non-monetary in these framework

d hence they do not speak to the effects of the inflation tax.

Empirical evidence

this section we present some suggestive cross-country evidence concerning the long-run rel

nship between anticipated inflation, unemployment, and unemployment volatility. We mak

claims of causality here: the correlations we display are meant to be illustrative and serve

tivating evidence for the mechanism we highlight. We will also verify, in our numerical analysi

at our calibrated model can reproduce the correlations found here.

We use quarterly data from the Main Economic Indicators database published by the OECD

vering 35 developed countries. The start date of the period covered varies between countri

d ends in 2019. On the labor market side, we use the harmonised unemployment rate seri

order to ensure that the data are consistent across countries. We use the long-term nomin

erest rate as our proxy for the opportunity cost of holding nominal balances; this series consis

stly of yields on government bonds with a 10-year maturity. Theoretically the measure relevan

our mechanism is anticipated inflation, rather than realized inflation; hence our focus on th

g-term nominal interest rate. We extract the trend component of each data series using th

filter (Hodrick and Prescott, 1997) with a smoothing parameter value of 1,600. Appendix

ows that using the 5-year moving average, instead of the HP filter, yields very similar results

1 A positive relationship between ū and ῑ

e first regress the trend component of unemployment on the trend component of the long-ter

minal interest rate. Table 1 shows a positive and significant relationship. In particular, Colum

6
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presents the results of the pooled OLS regression

ūjt = α + βῑjt + εjt, (

ere ūjt and ῑjt represent the trend components of unemployment and the long-term nomin

erest rate in country j at quarter t. It indicates that a 1 percentage point (pp) increase in ῑ

ociated with a 0.35pp increase in ū. Columns (2), (3) and (4) present results from fixed effec

nel regressions of the type

ūjt = α + βῑjt + γj + δt + εjt, (

ere γj and δt represent, respectively, country and time fixed effects. The results of all thr

nel regressions confirm the positive relationship between ū and ῑ. In particular, the estimat

esented in Column (4), which include both country and time fixed effects, indicate that a 1p

rease in ῑ is associated with a 0.77pp increase in ū, an economically and statistically significan

ationship.

To verify the robustness of our finding, Table 14 in Appendix A reports the results of runnin

e same regression specifications on trend components of unemployment and the long-term nom

l interest rate extracted using a 5-year moving average instead of the HP filter. The resul

similarly significant and strong. In particular, the specification in Column (4), which includ

th country and time fixed effects, indicates that a 1pp increase in ῑ is associated with a 0.915p

rease in ū. Finally, Tables 15 and 16 in Appendix A present the regression results using th

arithm of unemployment instead of its level with HP-filtered and 5-year moving average trend

e results are again very similar.2 These cross-country regression results are thus consistent wit

e positive long-run relationship between unemployment and inflation in the US, documented b

yer and Farmer (2007), Berentsen et al. (2011) and Haug and King (2014).3

2 A positive relationship between unemployment volatility and ῑ

xt, we seek to provide some evidence on the relationship between anticipated inflation an

employment volatility. We use the HP-filtered cyclical component of the logarithm of unem

yment. Our measure of volatility σujt is the 5-year rolling window standard deviation of th

clical component. Column (1) of Table 2 presents the results of the pooled OLS regression

σujt = α + βῑjt + εjt, (

2In addition, we ran similar panel regressions of either the unfiltered or the cyclical components of unemployme
the short-term nominal interest rate. The resulting coefficients are either statistically not significant (for t

filtered data) or significant and negative (for the HP-detrended data). These results are available on request.
3In additional robustness checks, available on request, we have also verified that the empirical correlatio
cumented here are not driven by particular outlier countries.
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Table 1: Regression of ū on ῑ

Trend unemployment

(1) (2) (3) (4)

Constant 5.773∗∗∗ 6.035∗∗∗ 3.750∗∗∗ 3.507∗∗∗

(0.505) (0.362) (1.366) (1.205)

Trend long-term rate 0.350∗∗∗ 0.302∗∗∗ 0.725∗∗ 0.770∗∗∗

(0.091) (0.067) (0.288) (0.223)

Observations 4,007 4,007 4,007 4,007

R2 0.086 0.140 0.121 0.135

F-Statistic 376.96∗∗∗ 646.04∗∗∗ 513.26∗∗∗ 581.27∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parentheses. Data are from the OECD. Both unem-

ployment and long-term nominal interest rate series for each country are filtered out

of high frequency variations using the HP filter with λ = 1600.

ile columns (2), (3) and (4) present the results of the fixed effects panel regression

σujt = α + βῑjt + γj + δt + εjt, (

th country and/or time fixed effects. Our preferred specification in Column (4) shows that a

rease of 1pp in ῑ is associated with a 0.011 increase in the volatility of unemployment, whic

rresponds to about 12% of the average volatility. Table 17 in Appendix A presents very simil

ults obtained by running the same panel regressions using the level of unemployment instea

the logarithm of unemployment.

In Appendix A, we also compute unemployment volatility based on the cyclical component

e logarithm of unemployment extracted assuming a 5-year moving average as the trend, an

en regress it on the 5-year moving average of the long-run interest rate. Table 18 presen

e results. Column (4) with country and time fixed effects shows that an increase of 1pp in

associated with a 0.026pp increase in unemployment volatility. This increase corresponds

out 18% of average unemployment volatility. We also run the same panel regressions using th

el of unemployment and the results, presented in Table 19 in Appendix A, are very similar.
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Table 2: Regression of unemployment volatility on ῑ

log unemployment volatility

(1) (2) (3) (4)

Constant 0.058∗∗∗ 0.052∗∗∗ 0.060∗∗∗ 0.031
(0.005) (0.007) (0.011) (0.023)

Trend long-term rate 0.005∗∗∗ 0.006∗∗∗ 0.005∗∗ 0.011∗∗

(0.001) (0.001) (0.002) (0.005)

Observations 3,616 3,616 3,616 3,616

R2 0.079 0.114 0.031 0.062

F-Statistic 309.20∗∗∗ 462.40∗∗∗ 109.11∗∗∗ 221.28∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Unemployment

volatility is measured as the 5-year rolling window standard deviation of HP-detrended

log unemployment. Long-term nominal interest rate series for each country is filtered

out of high frequency variations using the HP filter with λ = 1600.

3 A state-dependent relationship between ū and ῑ

nally, we want to examine whether the positive long-run relationship observed between unem

yment and anticipated inflation varies with the level of unemployment. To do so, we use

antile regression specification. As opposed to the linear regression, which approximates th

nditional expectation function, the quantile regression approximates the conditional quanti

ction at quantile q by the linear relationship

Qq(ūjt|ῑjt) = αq + βq ῑjt + εqjt. (

estimating the above regression for different quantiles of the distribution of ū, we can chec

ether the relationship between the low frequency components of unemployment and nomin

erest rates varies with the level of unemployment. Figure 1 plots, in solid blue, the valu

βq for various values of q estimated by pooling together all observations in our sample, wit

e dashed blue lines depicting the 95% confidence interval. The coefficient of the pooled OL

ression discussed above is depicted as the flat red line for comparison. The relationship

arly nonlinear. At the 5th percentile of the distribution of trend unemployment, i.e. q = 5%,

9
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Figure 1: Quantile regression coefficients of ū on ῑ for various quantiles of ū.
Notes: The dotted lines represent the 95% confidence intervals. Data are from the OECD. Both
unemployment and long-term nominal interest rate series for each country are filtered out of high
frequency variations using the HP filter with λ = 1600.

p increase in the trend long-term nominal interest rate is associated with almost no change

nd unemployment, whereas at the 95th percentile the coefficient reflects an increase of 0.84p

trend unemployment. The quantile regression depicted in Figure 8 in Appendix A uses 5-ye

ving averages and the ones depicted in Figures 9 and 10 use the logarithm of unemploymen

th 5-year moving averages and HP-filtered trends, respectively. The results are very similar.

4 Summary of the empirical results

e have provided illustrative cross-country evidence that there is a positive long-run correlatio

tween anticipated inflation, as proxied by nominal interest rates, and unemployment; th

ere is also a positive correlation between anticipated inflation and unemployment volatility; an

at the inflation-unemployment correlation is stronger at high unemployment rates. The rest

e paper explores the mechanisms through which a monetary search model can generate the

tterns and the implications of these mechanisms.

Model

e model environment closely follows Berentsen et al. (2011), augmented with aggregate pr

ctivity and monetary shocks. Time is discrete, and the time horizon is infinite. The econom

populated by a measure 1 of infinitely-lived households and a large measure of infinitely-live

10



Journal Pre-proof

fir

6)

wh a

sp

7)

Ea al

lab n

th ll

th d

ma l-

an

M d

or

is re

of es

cre g

th

8)

wh ts

va

9)

Ex es

th

0)

A to

be te
ms. Households have preferences

U =
∞∑

t=0

βt [ht + u (xt)] , (

ere ht is consumption of a general good (taken as the numeraire), and xt is consumption of

ecialized good. Firms consume the general good and have utility

U =
∞∑

t=0

βtht. (

ch period is divided into three sub-periods. In the first sub-period (LM), there is a friction

or market, in which households and firms match pairwise to produce the specialized good. I

e second sub-period (DM), there is a frictional goods market, in which productive firms se

e specialized good to other households. In the third sub-period (CM), a frictionless centralize

rket convenes, in which firms pay wages and liquidate unsold inventories, and all agents reba

ce their portfolios.

atching and production (LM). At each point in time, each household is either employe

unemployed. Matching of unemployed households (workers) and firms (employers) in the LM

random. Firms create vacancies at cost κ. If the measure of vacancies is vt and the measu

unemployed households at the beginning of period t is 1 − nt−1, the measure of new match

ated in period t isM (vt, 1− nt−1), whereM is a constant returns to scale function satisfyin

e standard assumptions. The job-finding probability for an unemployed household is then

M (vt, 1− nt−1)

1− nt−1

=M (θt, 1) ≡ f (θt) , (

ere θt = vt/ (1− nt−1) is the market tightness. Similarly, the probability for a firm of filling i

cancy is
M (vt, 1− nt−1)

vt
=M

(
1,

1

θt

)
≡ q (θt) . (

isting matches are destroyed every period with an exogenous probability δ. The above impli

at the employment level upon exiting the period-t LM is

nt = (1− δ)nt−1 + f (θt) (1− nt−1) . (1

job match between a household and a firm produces yt units of the general good in the LM,

sold in the subsequent DM (see below). The productivity of a match, yt, is subject to aggrega

11
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ocks and follows an AR(1) process

log yt = (1− ρy) log ȳ + ρy log yt−1 + σyεy,t, εy,t ∼ N (0, 1) . (1

ade in the goods market (DM). The DM is a decentralized goods market, in which pr

ctive firms (i.e. firms who have a worker in the LM) match pairwise with households in ord

convert their general good into specialized goods and sell them. A firm with a worker in th

has a technology for converting general goods into specialized goods: producing xt units

e specialized good costs c (xt) units of the general good. Matching is random and governed b

constant returns to scale matching function. Specifically, since there are nt productive firm

king to sell and a measure 1 of households seeking to buy, each household meets a firm wit

obability α (nt), and a firm meets a household with probability α (nt) /nt, where α′ > 0, α′′ <

d α (n) ≤ n. Terms of trade between a firm and a household in the DM are determined b

oportional (Kalai) bargaining and are described in detail below.

Meetings in the DM are anonymous, there is no record-keeping of past transactions, and agen

nnot commit to repay loans. This rules out credit in the DM, making a medium of exchang

cessary for trade. This role is served by fiat money. The supply of fiat money is augmente

chastically via lump-sum transfers Tt to households in the CM. We find it convenient to thin

monetary policy in terms of the nominal interest rate ιt = (1 + πt) /β − 1, where πt is the ra

inflation. The nominal interest rate ιt follows a Markov process, which will be described

tail below in Section 6.

ttlement and rebalancing (CM). The CM is a frictionless market, in which wages are pa

t to employed households, and agents decide on money holdings for the following period. Wag

to be paid out in the CM are determined in the previous LM by Nash bargaining between th

usehold and the firm (see below). Unemployed households receive an exogenous amount b

e general good, which can be interpreted as unemployment benefits, a value of leisure, or hom

oduction.

Equilibrium

e define equilibrium recursively. The aggregate state of the economy is Ω = (n−, ι, y), whe

is the start-of-period employment level, ι is the nominal interest rate, and y is producti

. Throughout, “−” superscripts are used to denote the previous period’s variables, and “+

perscripts are used to denote the next period’s variables.

The timing is as follows. The ι and y shocks realize at the beginning of the CM. The realize

hock determines the amount of lump-sum transfers T (ι) that will be paid in the following CM

ents then make portfolio choices, and at the same time firms post vacancies v at cost κ. In th

12
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bsequent LM, matching and separations take place. The market tightness is

θ =
v

1− n− (1

d the law of motion for employment is

n = (1− δ)n− + f (θ)
(
1− n−

)
. (1

ages are negotiated at this stage. After that, worker-firm matches produce and go on to th

, where they sell their output in exchange for money. The buyer’s matching probability

e DM is then α (n). A firm with productivity y selling x units of output incurs a cost of c (x

firm who did not trade receives y units of output. Finally, in the CM either wages (w)

employment benefits (b) are paid, along with transfers T (ι).

1 Workers

e start by writing the CM value function for a worker of each employment status, denoted b

{e, u}. If a worker enters the CM employed (j = e), with promised wage w, and with re

lances z, their value function is

V e
CM (z, w,Ω) = max

c,z+
c+ βV e

LM

(
z+,Ω

)
, (1

bject to the budget constraint

c+ (1 + π)z+ = w + T (ι). (1

the CM, the worker receives their promised wage, as well as state-dependent transfers. The

en choose how much to allocate to consumption, c, and to real balances for the followin

riod, z+. Similarly, if a worker enters the CM unemployed (j = u with real balances z, the

lue function is

V u
CM (z,Ω) = max

c,z+
c+ βV u

LM

(
z+,Ω

)
, (1

bject to the budget constraint

c+ (1 + π)z+ = b+ T (ι). (1

e unemployed worker’s budget constraint differs from the employed in that, rather than r

ving a wage, they receive fixed unemployment benefits, b. The outcome of the worker’s ma

ization problem gives us the real balances policy function z+ (Ω), which, by quasi-linearity,

13
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ependent of z as well as employment status. For the same reason, it follows that the worker

value function is linear in real balances, with

∂

∂z
V e
CM (z, w,Ω) =

∂

∂z
V u
CM (z,Ω) = 1.

Now, consider the LM. An employed worker (j = e) stays employed with probability 1 −
unemployed worker (j = u) finds a job with probability f (θ(Ω)). Therefore,

V e
LM (z,Ω) = (1− δ)V e

DM (z, w (Ω) ,Ω) + δV u
DM (z,Ω) , (1

V u
LM (z,Ω) = f (θ(Ω))V e

DM (z, w (Ω) ,Ω) + (1− f (θ(Ω)))V u
DM (z,Ω) . (1

xt, consider the DM. Each worker meets a firm in the product market with probability α (n

ere n = n (Ω) is the end-of-period employment level as given by (13). If meeting a firm, he buy

e negotiated amount x of the special good in exchange for some negotiated amount d ≤ z

l balances. As we will verify below, x, d (determined by bargaining) depend on z but not o

e worker’s employment status, and will therefore be written as x̃ (z,Ω), d̃ (z,Ω). Thus:

V e
DM (z, w,Ω) =α (n)

[
u (x̃ (z,Ω)) + EV e

CM

(
z − d̃ (z,Ω) , w,Ω+

)]

+ (1− α (n))EV e
CM

(
z, w,Ω+

) , (2

V u
DM (z,Ω) =α (n)

[
u (x̃ (z,Ω)) + EV u

CM

(
z − d̃ (z,Ω) ,Ω+

)]

+ (1− α (n))EV u
CM

(
z,Ω+

) , (2

ere Ω+ denotes the following period’s aggregate state.

2 Firms

nsider first the CM. A firm with a worker, who has unsold output o, real balances z and a wag

mmitment w, has the value

JeCM (o, z, w,Ω) = o + z − w + βJeLM (Ω) . (2

firm without a worker decides whether to post a vacancy, at cost κ:

JvCM (z,Ω) = z + max {0,−κ+ βJvLM (Ω)} . (2

14
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the LM, a firm with a worker loses that worker with probability δ, and a firm with a vacanc

s it with probability q (θ(Ω)):

JeLM (Ω) = (1− δ) JeDM (w (Ω) ,Ω) + δJvDM (Ω) , (2

JvLM (Ω) = q (θ(Ω)) JeDM (w (Ω) ,Ω) + (1− q (θ(Ω))) JvDM (Ω) . (2

the DM, a firm with a worker produces and sells its output, getting

JeDM (w,Ω) =
α (n)

n
EJeCM

(
y − c (x (Ω)) , d (Ω) , w,Ω+

)

+

(
1− α (n)

n

)
EJeCM

(
y, 0, w,Ω+

) , (2

ere the traded quantities x (Ω), d (Ω) are determined by bargaining (as described below) throug

x (Ω) = x̃ (z (Ω) ,Ω) ,

d (Ω) = d̃ (z (Ω) ,Ω) .

other words, the firm takes as given the z of the worker it will meet when forecasting the trade

antities. A firm without a worker does not trade in the DM, so

JvDM (Ω) = EJvCM
(
Ω+
)
. (2

3 Goods market bargaining

e now turn to the determination of x, d. We assume that x and d are determined by Kal

rgaining between the worker and the firm, with ϕ ∈ [0, 1] denoting the workers’s bargainin

ight. Consider a DM meeting in which the worker is employed with promised wage w and h

l balances z, and the firm has a wage commitment w′. Then the traded quantity and price x,

ve

max
x,d

u (x) + E
[
V e
CM

(
z − d, w,Ω+

)
− V e

CM

(
z, w,Ω+

)]
, (2

bject to d ≤ z and

u (x) +E
[
V e
CM

(
z − d, w,Ω+

)
− V e

CM

(
z, w,Ω+

)]

=
ϕ

1− ϕE
[
JeCM

(
y − c (x) , d, w′,Ω+

)
− JeCM

(
y, 0, w′,Ω+

)]
.

(2
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ilarly, if an unemployed worker with real balances z meets a firm with wage commitment w

e traded amounts x, d solve

max
x,d

u (x) + E
[
V u
CM

(
z − d,Ω+

)
− V u

CM

(
z,Ω+

)]
, (3

bject to d ≤ z and

u (x) +E
[
V u
CM

(
z − d,Ω+

)
− V u

CM

(
z,Ω+

)]

=
ϕ

1− ϕE
[
JeCM

(
y − c (x) , d, w′,Ω+

)
− JeCM

(
y, 0, w′,Ω+

)]
.

(3

linearity of the CM value functions, it is straightforward that a worker’s surplus from tradin

d is

(x) + E
[
V e
CM

(
z − d, w,Ω+

)
− V e

CM

(
z, w,Ω+

)]
= u (x) + E

[
V u
CM

(
z − d,Ω+

)
− V u

CM

(
z,Ω+

)]

= u (x)− d,
(3

ardless of employment status and current real balances. Similarly, a firm’s surplus from tradin

d is

E
[
JeCM

(
y − c (x) , d, w′,Ω+

)
− JeCM

(
y, 0, w′,Ω+

)]
= d− c (x) . (3

is means that we can write the bargaining problem as

max
x,d

u (x)− d s.t. u (x)− d =
ϕ

1− ϕ [d− c (x)] and d ≤ z. (3

e solution is well known. Define g (x) = (1− ϕ) u (x) + ϕc (x), and define x∗ as the solution

(x) = c′ (x). The solution to the bargaining problem is

x = min
{
x∗, g−1 (z)

}
,

d = min {g (x∗) , z} .
(3

4 Optimal choice of real balances

e DM bargaining solution described above gives us

∂V j
LM

∂z
= 1 + α (n) max

{
0,

u′ (x)

g′ (x)
− 1

}
. (3

the CM, the first-order condition for z is

1 + ι =
∂V j

LM

∂z
. (3
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mbining these, we get

u′ (x) =

(
1 +

ι

α (n)

)
g′ (x) (3

d z = g (x).

5 Labor market bargaining

e next consider the determination of the wage. The worker’s surplus from being employed

ge w is

V e
DM (z, w,Ω)− V u

DM (z,Ω) = V e
DM (0, w,Ω)− V u

DM (0,Ω) ≡ SeDM (w,Ω) .

is can be written recursively as

SeDM (w,Ω) = w − b+ βE
(
1− δ − f

(
θ
(
Ω+
)))

SeDM
(
w
(
Ω+
)
,Ω+

)
. (3

e firm’s surplus from having a worker at wage w is JeDM (w,Ω). Defining the firm’s total outpu

O (Ω) =y +
α (n)

n
(y + d (Ω)− c (x (Ω))− y)

=y +
α (n)

n
(1− ϕ) (u (x (Ω))− c (x (Ω))) ,

(4

can write

JeDM (w,Ω) = O (Ω)− w + β (1− δ)EJeDM
(
w
(
Ω+
)
,Ω+

)
. (4

The surplus from an employment match is S (Ω) = SeDM (w,Ω) +JeDM (w,Ω). We assume th

e wage is determined by Nash bargaining, with worker bargaining weight equal to ξ, so th

= w (Ω) solves

SeDM (w (Ω) ,Ω) = ξS (Ω) . (4

ding (39) and (41) and using (42), we obtain

S (Ω) = O (Ω)− b+ βE
(
1− δ − ξf

(
θ
(
Ω+
)))
S
(
Ω+
)
. (4

6 Free entry and wages

arket tightness θ = θ (Ω) is determined by the free entry condition κ = βJvLM (Ω), which impli

κ = βq (θ) (1− ξ)S (Ω) . (4
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mbining (44) with the expression for the match surplus in (43), we also obtain the expressio

the wage,

w (Ω) = ξO (Ω) + (1− ξ) b+ Eξκθ
(
Ω+
)
. (4

7 Equilibrium conditions

e equilibrium consists of functions x (Ω), O (Ω), S (Ω), θ (Ω), w (Ω) , and n (Ω) satisfying th

of motion (13), optimal choice of real balances (38), the output equation (40), the Bellma

uation for the match surplus (43), the free entry condition (44), and the wage equation (45).

Calibration

r calibration strategy is to match features of both labor market dynamics and monetary da

the US. As pointed out earlier, two features distinguish our environment from the standar

or search model. First, our model economy is subject to two shocks: productivity and nomin

erest rates. Second, measured output per worker includes DM trade and is therefore endog

us. As a consequence, the productivity process cannot be backed out directly from output p

rker as, e.g., in Shimer (2005) or Hagedorn and Manovskii (2008), and will instead be calibrate

ntly with other model parameters.

The model is calibrated on a monthly basis using a mix of monthly and quarterly data. W

e, whenever possible, data series covering the period from January 1948 to December 2019

cept for the discount factor β, the job separation rate δ and the exogenous process of intere

e shocks, the model’s remaining parameters are calibrated jointly such that a selected set

del-based simulated moments match their empirical counterparts. We set the monthly discoun

tor β externally to 0.998 to be consistent with an average monthly real interest rate of 0.23%

bor market. The exogenous process for yt in the model is assumed to follow the AR(

ocess

log yt = (1− ρy) log ȳ + ρy log yt−1 + σyεy,t (4

ere εy ∼ N (0, 1) and ȳ is normalized to 1. We calibrate the process parameters ρy and σ

ernally such that the cyclical component of the logarithm of total output per worker in th

del, Ot, matches the volatility and autocorrelation of output per worker in the data. We follo

imer (2005) in using the Bureau of Labor Statistics’ (BLS) monthly data series measuring re

tput per person in the non-farm business sector. We extract the cyclical component of th

4Our sample stops short of the onset of the COVID-19 pandemic and hence does not capture the wild movemen
macroeconomic variables that occurred afterward.
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arithm of the quarterly observations using the HP filter with a smoothing parameter value

00.

Similarly to Hagedorn and Manovskii (2008), we use the elasticity of wages with respect

or productivity as a calibration target to identify the worker bargaining weight. We use th

S series for labor productivity and labor income share to compute a series for the real wage

e product of the two. We then extract the HP-filtered cyclical component of the logarithm

e computed wage series and use it to estimate the elasticity of the wage to labor productivit

e include the wage elasticity in our list of targeted moments and add the bargaining power

rkers ξ to the internal calibration to match it.

We calibrate the cost of posting vacancies κ to match the average labor market tightne

computed as the ratio of the vacancy and unemployment rates. The vacancy rate series

nstructed as in Petrosky-Nadeau and Zhang (2020). From December 2000 to December 201

e number of job openings is obtained from the Job Openings and Labor Turnover Surve

LTS) of the BLS which we divide by the civilian labor force to obtain the vacancy rate. Fro

nuary 1951 to November 2000 we use the vacancy rate series from Barnichon (2010), which

sed on a composite print and online help wanted index. We then splice Barnichon’s series to th

LTS series in December 2000 to obtain one series stretching from January 1951 to Decemb

19.

We assume the matching function

M (v, 1− n) =
v (1− n)

(vχ + (1− n)χ)
1/χ

, (4

ilarly to Den Haan et al. (2000), as it ensures job finding and vacancy filling probabilities l

the interval [0, 1]. The corresponding job finding probability as a function of θ is

f(θ) =
θ

(1 + θχ)1/χ
. (4

e add χ to our internal calibration to match the average job finding probability, which w

mpute using data on short-term unemployment as in Shimer (2012).5 We calculate the jo

aration rate in the standard way by dividing the number of short-term unemployed worke

last period’s employed population. We obtain an average monthly separation rate of 2.51%

e set δ directly to that value.

The value of non-market activity b is calibrated to match the standard deviation of unemplo

nt, which stands at 0.138. This statistic is measured in logs as the quarterly deviation from a

-filtered trend with a smoothing parameter of 1,600.

5We correct for the 1994 CPS redesign following Shimer (2012).
6Correcting for time aggregation following Shimer (2005) yields a very similar value.
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Figure 2: Measuring money demand: M1 v. NewM1.

centralized goods market. We assume the utility of DM good consumption takes the for

u (x) = A
x1−γ

1− γ , (4

ere γ ∈ (0, 1) and A > 0. For the DM cost function, we set

c (x) = x. (5

r the DM matching function, we assume that the buyer’s probability of finding a seller is

α (n) = ζ
n

1 + n
, (5

ere n is the measure of active sellers (i.e. firms with workers), 1 is the measure of active buye

ouseholds), and ζ is a matching efficiency parameter.

Most of the parameters related to the DM are calibrated following Lagos and Wright (200

d Berentsen et al. (2011). In particular, A and γ are calibrated to match both the averag

io of aggregate money supply to nominal GDP (i.e. the inverse of the velocity of money) an

elasticity with respect to the nominal interest rate.7 To compute these moments, we u

e NewM1 monetary aggregate following Lucas and Nicolini (2015). This measure adds to th

ndard M1 aggregate, published by the Federal Reserve Board, the total amount of Mone

arket Deposit Accounts held at commercial banks in the US starting from 1982. As discusse

Lucas and Nicolini (2015), money demand measures based on this aggregate perform muc

tter than the ones based on the conventional M1 aggregate. This can clearly be seen in Figu

7Interest rate elasticity in the data is computed using raw quarterly observations. We run a log-log regressi
money demand on interest rates and the resulting slope coefficient is used as a point estimate for the intere
e elasticity.
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where the relationship between money demand and nominal interest rates is much more stab

en using the NewM1 aggregate (right panel). In addition, we extend our NewM1 series bac

time to January 1948 with the pre-1959 M1 series produced by Rasche (1987). The latter

nsistent with the Board’s post-1959 methodology.8

Regarding the opportunity cost of holding liquidity, we follow Lagos and Wright (2005) in usin

e monthly Moody’s composite yield on Aaa-rated long-term US corporate bonds. Because th

asure is non-stationary, we use the HP filter to decompose it into a trend component ῑt an

cle component ι̂t, i.e.

ιt = ῑt + ι̂t. (5

e cyclical component is modeled as a stationary AR(1) process

ι̂t = ρι̂ι̂t−1 + σι̂ει̂,t, (5

ere ει̂ ∼ N (0, 1). Its parameters are estimated, at a monthly frequency, to be ρι̂ = 0.93

d σι̂ = 0.0001. The non-stationary trend component is modeled as a very persistent Marko

ain with 5 states. The state values and the estimated transition probabilities are presented

pendix B.9

Following Aruoba et al. (2011), the bargaining power of buyers ϕ is calibrated internally suc

at the average markup (i.e. price-to-marginal cost ratio) in DM transactions matches the ave

e markup in the data. De Loecker et al. (2020) use financial statements of all publicly trade

ms covering all sectors of the US economy over the period 1955-2016 to estimate an average n

rkup of 36%. We add their measure to the list of targeted moments. The DM matching effi

ncy parameter ζ is added to the internal calibration to match a monthly interest rate elastici

unemployment of 0.297 in the data. Intuitively, this parameter is important for the slope of th

ation-unemployment relationship because of feedback effects between goods and labor market

r example, an increase in inflation lowers money demand, which, in equilibrium, lowers fir

ofits and raises unemployment; however, this rise in unemployment lowers the probability

ding a seller in the DM and thus further lowers money demand, and the extent to which it do

depends on goods market frictions.

M calibration procedure. The above discussion leaves us with the set of 10 paramete

, b, χ, ξ, ρy, σy, A, γ, ζ, ϕ} that we calibrate internally following a Simulated Method of Momen

8The pre-1959 M1 data series is available from the website of the Federal Reserve Bank of St. Lou
tps://research.stlouisfed.org/aggreg/).
9Most of the results in our quantitative analysis below have to do with the effect of trend inflation: for examp
paring unemployment volatility in different ῑt regimes. It is nonetheless important to include the cyclic
ponent to generate sufficient variation in nominal interest rates in model simulations; this is essential bo

en calibrating the model and when comparing its predictions to cross-country regressions.
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Table 3: SMM calibrated parameters

arameter Description Value Moment Frequency Data Mode

Vacancy cost 1.471 Average θ Monthly 0.634 0.634
Flow value of unemployment 0.990 Unemployment volatility Quarterly 0.138 0.138
Parameter of the LM matching fun. 1.269 Average JFP Monthly 0.430 0.430
Worker bargaining weight 0.035 Elast. of wage to labor prod. Quarterly 0.470 0.470

y Persistence parameter of yt process 0.967 Autocorr. of labor productivity Quarterly 0.758 0.761

y Volatility parameter of yt process 0.007 SD of labor productivity Quarterly 0.013 0.013
Level parameter of DM utility 1.421 Average money demand Quarterly 25.73% 25.72%
Curvature parameter of DM utility 0.217 Elast. of money demand to ι Quarterly -0.594 -0.594
Parameter of the DM matching fun. 0.204 Elast. of u to ι Monthly 0.297 0.297
Buyer bargaining weight 0.320 Average price markup Monthly 36.00% 36.00%

MM) procedure. The model is solved using a global solution method that preserves its stron

nlinearities (Petrosky-Nadeau and Zhang, 2017). Computational details are available in A

ndix B.10 Table 3 summarizes the results of the SMM calibration procedure. In particular, w

tch all the targeted moments.11 Table 4 compares some US labor market statistics to tho

m the calibrated model. The model does a good job in capturing some business cycle properti

the US labor market.

scussion. The primary aim of the quantitative analysis below is to examine the state-depend

d nonlinear effects of trend inflation, rather than its average long-run effect on unemploymen

ich has been discussed at length by e.g. Berentsen et al. (2011). As such, our calibratio

gets the slope of the long-run relationship between nominal interest rates and unemploymen

e model will instead be validated based on its ability to match the state-dependence of th

ationship, as evidenced in our empirical analysis.12

Understanding the mechanisms

in any environment building on the DMP framework, the volatility of market tightness an

erefore employment depends on the size of the match surplus. This result carries over to ou

ting with two shocks, and furthermore implies that the two shocks interact: inflation affec

e size of the employment response to productivity, and vice versa. However, the amplificatio

0As in Berentsen et al. (2011), the model can exhibit multiple steady state equilibria. We focus our analys
the high employment equilibrium. We show in Appendix C.1 that it is locally stable. We also plot the ergod
tributions of the endogenous variables to verify that the calibrated economy stays around the high employme
ilibrium throughout the simulations.
1Our calibrated value of b is is 0.990, which corresponds to a ratio of the flow value of unemployment to avera
or productivity of 0.913 – slightly below, e.g. Hagedorn and Manovskii (2008). Note that the value normaliz
one is y, which is less than average output per worker in the model, since the latter includes DM trade.
2Similarly, our calibration targets the level of unemployment volatility, and thus we do not view our analys
e as offering a novel explanation of the unemployment volatility “puzzle.” How this volatility varies with t
el of inflation, however, is a non-targeted prediction.
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Table 4: Labor market statistics

u v θ O
Quarterly US data, 1948-2019
Standard deviation 0.138 0.138 0.257 0.013
Autocorrelation 0.895 0.902 0.903 0.758

Correlation matrix

u 1 -0.900 -0.950 -0.231
v - 1 0.982 0.363
θ - - 1 0.296
O - - - 1

Model simulations
Standard deviation 0.138 0.633 0.745 0.013
Autocorrelation 0.843 0.431 0.635 0.761

Correlation matrix

u 1 -0.554 -0.787 -0.851
v - 1 0.904 0.639
θ - - 1 0.756
O - - - 1

Notes: All variables are reported in logs as deviations from an HP trend
with λ = 1600. Model-based statistics are computed using 1,000 sim-
ulations of 1,000 months each. For each simulation, we burn the first
136 periods to match the length of the data series. The simulated series
are then averaged quarterly. The reported statistics are averages over all
simulations. The bold statistics are targeted in the calibration.

chanism in our framework, following Berentsen et al. (2011), also contains two features absen

m the benchmark DMP model. First, the endogenous choice of real balances implies th

asured match output per worker is endogenous and, in particular, responds directly to th

st of liquidity. Second, goods market frictions generate an additional feedback effect fro

ployment to match output. An increase in employment lowers a firm’s probability of findin

uyer in the goods market, thus lowering its profits from a match, all else equal; on the oth

nd, it also raises a buyer’s probability of finding a seller, thereby raising a buyer’s incentive

rry real balances. Goods market frictions may thus act as either an amplifying or a dampenin

chanism, depending on parameters.

To gauge the relative magnitude of the above mechanisms in our calibrated model, we consid

e comparative statics of the model in steady state.13 The free entry condition (44) in stead

te becomes

κ =
βq (θ) (1− ξ)

1− β (1− δ − ξf (θ))︸ ︷︷ ︸
Υ(θ)

(O − b) . (5

3This is similar to the analysis of Hagedorn and Manovskii (2008) and Ljungqvist and Sargent (2017) f
benchmark DMP model. Steady-state comparative statics are a good guide to the mechanisms driving t

nsitional dynamics of the model, since convergence to steady state is fast.
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e steady-state employment level is then given by

n =
f (θ)

δ + f (θ)
. (5

uation (54) implicitly defines steady-state θ, and therefore n, as a function of match output O
turn, from (38) and (40), O is a function of n, ι and y. We can then write the elasticity of LM

htness with respect to y as

εθ,y ≡
y

θ

∂θ

∂y
=

1

εΥ,θ

O
O − bεO,y, εO,y ≡

y

O
∂O
∂y

, (5

d the semi-elasticity of LM tightness with respect to ι as

εθ,ι ≡
1

θ

∂θ

∂ι
=

1

εΥ,θ

O
O − bεO,ι, εO,ι ≡

1

O
∂O
∂ι
, (5

ere εΥ,θ = −θΥ′ (θ) /Υ (θ), with Υ defined in (54). We adopt the convention of writing ε

d εO,ι as semi-elasticities since ι is typically written in percentage terms. Once the elasticiti

y and εθ,ι are computed, the corresponding elasticities of employment can be obtained throug

,y = εn,θεθ,y and εn,ι = εn,θεθ,ι, where εn,θ is computed from (55) as

εn,θ = (1− n)
θf ′(θ)

f(θ)
. (5

asticities of unemployment u = 1− n with respect to either y or ι are computed similarly.

We next turn to the role of the decentralized goods market (DM). Match output itself depend

agents’ money demand and DM frictions, as captured by the terms εO,y and εO,ι. Note th

e steady-state version of (40) gives

O =y +
α (n)

n
(1− ϕ) (u (x)− c (x))

≡y + P ,
(5

ere x is the steady-state DM quantity traded, and P denotes the DM output in units of th

meraire. In turn, x is determined by the optimality condition (38) for real balances in stead

te, which can be rearranged as

ϕ
c′ (x)

u′ (x)
=

α (n)

ι+ α (n)
− (1− ϕ) . (6
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fferentiating with respect to y, we find (see Appendix C.1 for details) that εO,y is given by

εO,y =
y

O︸︷︷︸
direct effect

+
P
OεP,nεn,θεθ,y︸ ︷︷ ︸

GE effect

, (6

ere

εP,n =
1

σu,x + σc,x

ια(n)

ι+ α(n)

εα,n
ϕα(n)− (1− ϕ)ι

x[u′(x)− c′(x)]

u(x)− c(x)︸ ︷︷ ︸
money-demand effect

− (1− εα,n)︸ ︷︷ ︸
congestion effect

(6

d εα,n = nα′(n)/α(n) is the elasticity of the goods market matching function. Productivity

ects match output not only directly, but also through a general-equilibrium effect, via its effe

decentralized-market output P . The latter effect, captured by (62), has two components. Firs

her employment increases a buyer’s probability of meeting a seller, and thereby the buyer

mand for real money balances. Second, there is also a congestion effect: higher employmen

uces a firm’s probability of meeting a buyer, and thereby its profits for any given amount

ney balances. Depending on which effect dominates, εP,n may be positive or negative.

In a similar vein, we find that the elasticity of O with respect to ι is given by

εO,ι =
P
OεP,ι︸ ︷︷ ︸

direct effect

+
P
OεP,nεn,θεθ,ι︸ ︷︷ ︸

GE effect

, (6

ere

εP,ι = − 1

σu,x + σc,x

α(n)

ι+ α(n)

1

ϕα(n)− (1− ϕ)ι

x[u′(x)− c′(x)]

u(x)− c(x)
. (6

other words, inflation ι reduces match output both directly – by lowering the demand for re

lances – and through the aforementioned general-equilibrium effect, via the effect of n on P .

Substituting (61) and (63) into (56) and (57) and rearranging, we arrive at the followin

pressions for the elasticities:

εθ,y =
1

εΥ,θ︸︷︷︸
LMM

× O
O − b︸ ︷︷ ︸

FS

×
(

1− 1

εΥ,θ

P
O − bεP,nεn,θ

)−1

︸ ︷︷ ︸
GEM

× y

O︸︷︷︸
directO,y

, (6

εθ,ι =
1

εΥ,θ︸︷︷︸
LMM

× O
O − b︸ ︷︷ ︸

FS

×
(

1− 1

εΥ,θ

P
O − bεP,nεn,θ

)−1

︸ ︷︷ ︸
GEM

× εP,ι
P
O︸ ︷︷ ︸

directO,ι

. (6

e expressions in (65) and (66) illuminate precisely the mechanisms active in our framewor

d how exactly they differ from the benchmark DMP framework. As an illustration, consider th
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composition of the elasticity εθ,y in equation (65). The effect of a shock to productivity y o

rket tightness can be decomposed into four components. First, the term labeled “directO,y

ptures the direct effect of a shock to y on match output. Second, the fundamental surplus effec

eled “FS,” captures how much an increase in match output raises match surplus. This is th

ect highlighted by, e.g. Hagedorn and Manovskii (2008) and Ljungqvist and Sargent (2017

ird, the labor market matching effect, labeled “LMM,” captures how much an increase in matc

rplus raises the equilibrium market tightness through the free entry condition. Finally, th

neral-equilibrium multiplier, labeled “GEM,” measures how the induced increase in employmen

ther affects match output through the goods market. This feedback effect may be either great

smaller than one, depending on whether εP,n is positive or negative, that is, depending o

ether the money-demand effect or the congestion effect dominates.14 In the benchmark DM

del, the directO,y and GEM terms would both be identically equal to one, so that only the lab

rket channels, LMM and FS, are operational. The decomposition of εθ,ι is identical, except f

e direct effect of inflation on match output, labeled “directO,ι”. Finally, once the elasticity

ith respect to each shock is computed, the elasticity of either employment or unemploymen

n be calculated from the steady-state employment equation (55), and therefore obeys a simil

composition.

1 Decomposing the mechanisms: numerical results

e use our calibrated model to compute the elasticities in (65) and (66), as well as their individu

mponents. Figure 3 plots the overall elasticities εθ,y and εθ,ι, as well as the correspondin

employment elasticities εu,y and εu,ι, on a grid for steady state ι and y. To be precise, for eac

lue of ι and y on the grid, we solve numerically for the steady state of our calibrated model an

en, based on the resulting steady-state values for the endogenous variables, calculate the valu

the analytically-derived elasticities and their respective components. On the grid, both εθ

d εθ,ι are monotonically increasing (in absolute value) in the interest rate and monotonical

creasing in productivity, confirming the main claim of this paper. The rest of this sub-sectio

devoted to pinpointing precisely which components of the elasticities drive the result.

To do so, we first plot, in Figure 4, the individual components: LMM, FS, GEM, directO,y, an

ectO,ι, on a grid for steady state ι and y.15 Several messages emerge from these figures. First, th

o channels pertaining to the labor market side, LMM and FS, are the dominant ones in absolu

lue: ι and y do induce some variation in the goods-market effects, as shown in panels 4c-4e, bu

is variation is much smaller in magnitude than that in panels 4a-4b. We will further confir

4In Appendix C.1, we argue that, regardless of the sign of εP,n the GEM effect should be non-negative in
ally stable equilibrium.
5We perform the decomposition for the elasticities of market tightness, rather than the elasticities of employme
unemployment, but the results and main message are similar if, e.g., we instead decompose εu,y and εu,ι.
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Figure 3: Overall elasticities on a grid for y and ι (annualized).
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is below in a decomposition exercise. Second, and relatedly, not only the FS effect (emphasize

the literature) but also the LMM effect is important for the model’s amplification mechanism

e FS effect captures how an increase in match output translates, in percentage terms, into

ge increase in match surplus. This increase is larger when the match surplus is small. Th

M effect, in turn, captures how an increase in the match surplus translates into an increase

tightness. The numerical analysis shows that both effects exhibit substantial variation wit

pect to productivity and inflation. The LMM effect varies with economic conditions primari

cause of the nonlinearity of the matching function.

Third, as shown in panel 4c, the GEM effect is less than one under our parameterizatio

other words, the feedback effect from employment to the goods market acts as a dampenin

chanism. This occurs because the congestion effect of higher employment dominates its effe

buyers’ money demand. Moreover, the GEM effect is smaller (i.e. dampens the overall effe

re) for high ι and low y.16 The intuition for this result is as follows. The GEM effect

mpening because the congestion effect in (62) dominates the money-demand effect: an increa

firms’ entry and employment lowers the firm’s probability of finding a buyer, hence its profit

t the effect of shocks on employment is higher for low y and high ι, precisely because of th

all-surplus effects outlined above; hence the congestion effect is also stronger for low y and hig

We also observe, however, that the GEM effect is close to one regardless of y and ι. The reaso

this is that the money demand and congestion effects are roughly of the same magnitude

solute value, combined with the fact that the fraction of the DM in total trade – which matte

the importance of the goods market friction – is small. These results are discussed in detail

pendix C.2 and illustrated in Figures 11 and 12. The findings show that both the size and th

erall variation in the GEM effect are small compared to the LM effects, as pointed out abov

d hence is not the crucial driving factor behind the main quantitative results.

Fourth, we inspect the direct effects in panels 4d and 4e. The direct effect of y on O is simp

en by y/O = y/ (y + P), hence mechanically increasing in y and increasing in ι. The dire

ect of ι on O is more complex, as it is given by the product εP,ι
P
O . Figure 13 in Append

2 shows the decomposition of this product into the two individual effects. The elasticity εP

negative and decreasing in ι: an increase in inflation lowers the DM quantity traded, x, an

re so when x is already low. On the other hand, the quantity P
O is positive and decreasin

ι: an increase in inflation lowers DM trade as a proportion of total trade, thereby makin

ther increases in inflation less consequential for total output. The overall effect of ι on εP,ι

therefore ambiguous theoretically. As panel 4e together with Figure 13 show, the effect of ι o

,ι dominates, leading directO,ι to be amplified at higher ι. The primary reason for this is that

small to start with, so the effect of ι on P
O , while qualitatively acting in the opposite directio

not quantitatively significant.

6For y < b, the GEM effect is non-monotone in ι. In Appendix C.2, we discuss why.
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ι = 2.00% ι = 8.00%
y = 1.00 y = 1.00

directO,y 0.9110 0.9269 0.9269 0.9269 0.9269
GEM 0.9827 – 0.9841 0.9841 0.9841
FS 10.1558 – – 12.0806 12.0806
LMM 1.5278 – – – 1.7591
εθ,y 13.8911 14.1328 14.1539 16.8364 19.3843

Table 5: Change in εθ,y when ι increases from 2% to 8%.

ι = 2.00% ι = 8.00%
y = 1.00 y = 1.00

directO,ι −0.0017 −0.0036 −0.0036 −0.0036 −0.0036
GEM 0.9827 – 0.9841 0.9841 0.9841
FS 10.1558 – – 12.0806 12.0806
LMM 1.5278 – – – 1.7591
εθ,ι −0.0253 −0.0556 −0.0557 −0.0662 −0.0762

Table 6: Change in εθ,ι when ι increases from 2% to 8%.

2 Comparative statics of the elasticities: an example

e next provide a numerical example for how a discrete change in the steady state ι affects th

sticities εθ,y and εθ,ι. Tables 5 and 6 display the values of εθ,y and εθ,ι, respectively, for ι = 2

d ι = 8%. In each case, when moving from ι = 2% to ι = 8%, we change the magnitudes

e previously described individual channels one by one in order to decompose the overall chang

o the individual components. Table 5 indicates that the change in εθ,y is mainly driven by th

and LMM channels. On the other hand, as shown in Table 6, the direct effect of ι on DM

de is important for the change in εθ,ι but the FS and LMM channels also play a significan

e. The general-equilibrium multiplier, operating through the feedback effect between labor an

ods markets, does not play much of a role.

To summarize our findings so far, the model-implied steady-state elasticities are consisten

th our main claim that low productivity and high inflation amplify the effects of further shock

e primary driving forces appear to be the labor market effects, manifested in the small matc

rplus and nonlinear matching function. In addition, the direct negative effect of inflation o

ded quantities amplifies further effects of inflation. Feedback effects coming through good

rket frictions are less significant, largely because the fraction of total trade taking place in th

centralized goods market is small to start with.
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Figure 4: Overall elasticities on a grid for y and ι (annualized).
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Quantitative results

e now confirm, by simulating the fully dynamic calibrated model, that it can generate th

rrelation patterns we illustrated in the cross-country data. We then use the model to compu

e welfare cost of inflation and conduct counterfactual experiments.

1 Nonlinear inflation-unemployment correlations

0.2 0.4 0.6 0.8
Quantiles of unemployment distribution

0.0

0.2

0.4

0.6

0.8

1.0

q

Quantile Reg.: Data
OLS: Data
Quantile Reg.: Model
OLS: Model

gure 5: OLS and quantile regression coefficients of ū on ῑ for various quantiles of ū: model v
ta.

Notes: The dotted lines represent the 95% confidence intervals. Data are from the OECD. Both
unemployment and long-term nominal interest rate series for each country are filtered out of high
frequency variations using the HP filter with λ = 1, 600. Model-based regressions are computed using
1,000 simulations of 1,000 months each. For each simulation, we burn the first 136 periods to match
the length of the data series and then take quarterly averages.

In order to assess the ability of the model to quantitatively replicate the stylized facts discusse

the empirical section, we simulate the model under both productivity and nominal interest ra

ocks.17 First, we examine the inflation-unemployment relationship in the calibrated mode

gure 5 shows the coefficients obtained by running OLS and quantile regressions of HP-filtere

nd unemployment on trend interest rates using the simulated quarterly data. For compariso

rposes, we plot along the regression coefficients obtained from the OECD panel data seen

gure 1. The slope of the OLS regression stands at 0.45. This is close to the value of 0.3

7We run 1,000 simulations of the model each extending for 1,000 months and drop the first 136 months to mat
length of the US data series used in the calibration. We then aggregate the simulated data by taking quarter
rages.

31



Journal Pre-proof

th le

reg s.

As is

str s

to a

1.1 ct

is is

sm ty

or

d

da 3

in ts

pa

8.

Ou n

un d

in er

is e
Table 7: Regression of unemployment volatility on ῑ using simulated data

log unemployment volatility

(1)

Constant 0.030∗∗∗

(0.000)

Trend long-term rate 0.014∗∗∗

(0.000)

Observations 269,000

R2 0.184
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are

based on model simulations. Unemployment volatility

is measured as the 5-year rolling window standard de-

viation of HP-detrended log unemployment. Long-term

nominal interest rate series is filtered out of high fre-

quency variations using the HP filter with λ = 1600.

at we obtained using a pooled OLS regression on OECD data. The coefficients of the quanti

ressions computed using the simulated data exhibit a very similar shape to the empirical one

the level of trend unemployment increases, the effect of an increase in trend interest rate

engthened. At the 5th percentile of the distribution of unemployment, a 1pp increase in ῑ lead

a 0.10pp increase in ū. In contrast, at the 95th percentile the same increase in ῑ leads to

2pp increase in ū – about a tenfold increase in the effect. In the model, this nonlinear effe

caused by the higher elasticity of job creation when the surplus of the firm-worker match

aller. The latter occurs in states where unemployment is high, either due to low productivi

high inflation or both.

Next, we regress unemployment volatility on the trend nominal interest rate using simulate

ta. Table 7 presents the results. In particular, a 1pp increase in ῑ leads to an increase of 0.01

unemployment volatility. This is very close to the value of 0.01 obtained from the fixed effec

nel regression in Table 2 using OECD data.

2 Correlation between inflation and labor productivity

r model implies that – similarly to Berentsen et al. (2011) – the effect of anticipated inflation o

employment is transmitted through lower measured labor productivity. In fact, as illustrate

Section 7, the effect of inflation on the labor market surplus through reduced output per work

the primary force behind its nonlinear effects, and is more important quantitatively than th
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Table 8: Regression of labor productivity on ῑ using simulated data

Labor productivity (in log)

(1)

Constant 0.103∗∗∗

(0.000)

Trend long-term rate -0.003∗∗∗

(0.000)

Observations 288,000

R2 0.123
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parentheses. Data are

based on model simulations. Labor productivity is mea-

sured in logs. Long-term nominal interest rate series is

filtered out of high frequency variations using the HP

filter with λ = 1600.

bsequent feedback effect from labor to goods markets. A testable prediction of our mode

erefore, is that the correlation between anticipated inflation and measured output per worker

gative as well. We illustrate this in Table 8, which displays the results of an OLS regression

tput per worker (O) on trend nominal interest rate (ῑ) in model-simulated data.

To investigate the relationship between anticipated inflation and labor productivity in OEC

ta, we regress real output per worker (i.e. GDP per person employed) on trend nominal intere

es. Column (1) of Table 9 presents the results of the pooled OLS regression

lnOjt = α + βῑjt + εjt, (6

ere lnOjt is the natural logarithm of real output per worker and ῑjt is the trend component

e long-term nominal interest rate in country j at quarter t. It indicates that a 1pp increase

s associated with a 4% decrease in output per worker. Columns (2), (3) and (4) present resul

m fixed-effects panel regressions of the type

lnOjt = α + βῑjt + γj + δt + εjt, (6

ere γj and δt represent country and time fixed effects. All three panel regressions confirm th

gative relationship between output per worker and long-term interest rates. In particular, th

ecification depicted in Column (4) includes both country and time fixed effects. The latt
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Table 9: Regression of labor productivity on ῑ

Labor productivity (in log)

(1) (2) (3) (4)

Constant 4.470∗∗∗ 4.639∗∗∗ 4.498∗∗∗ 4.550∗∗∗

(0.020) (0.019) (0.026) (0.022)

Trend long-term rate -0.040∗∗∗ -0.038∗∗∗ -0.010∗ -0.020∗∗∗

(0.004) (0.004) (0.006) (0.004)

Observations 3,658 3,658 3,658 3,658

R2 0.327 0.337 0.024 0.075

F-Statistic 1779.30∗∗∗ 1844.00∗∗∗ 84.22∗∗∗ 271.14∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parentheses. Data are from the OECD. Labor productiv-

ity is measured as the natural logarithm of real GDP per person employed. Long-term

nominal interest rate series for each country is filtered out of high frequency variations

using the HP filter with λ = 1600.

ntrol for any time-trends in labor productivity that are common across countries. In th

ecification, a 1pp increase in long-term interest rates is associated with a 2% decrease in lab

oductivity. Table 16 in the appendix presents the same regressions using the 5-year movin

erage instead of the HP filter to compute ῑ. The results are quantitatively similar.

Comparison of Tables 8 and 9 shows that the model’s prediction is qualitatively consisten

th the data. In fact, the estimated negative correlation between ῑ and output per worker is eve

onger in the data than it is in model-simulated data. This may be potentially rationalized b

e fact that our model abstracts from other sources of such a negative correlation. In particula

assume that the exogenous stochastic processes for ιt and yt (i.e. the exogenous productivi

ock) are uncorrelated, so that our model accounts for only the endogenous relationship betwee

nd inflation and output per worker.

3 Generalized impulse response functions

further examine the dynamics of the model, and in particular the state-dependent reactio

unemployment and other endogenous variables to shocks, we follow Gallant et al. (1993) an
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op et al. (1996) in computing the generalized, nonlinear, impulse response function

GIRFY (k, εt,Ωt) = E[Yt+k|εt,Ωt = ωt]− E[Yt+k|Ωt = ωt], (6

ere Ωt = ωt is the state of the economy at the beginning of period t and εt is an innovation to th

ogenous variable at time t. This function measures the update in the conditional expectation

e variable Yt+k implied by a shock εt given the state of the economy Ωt = ωt. The shock εt cou

er to either the productivity process yt or the cyclical interest rate process ι̂t. The GIRF

uation (69) is a random variable and its shape will in general be a function of Ωt = {ῑt, ι̂t, yt, ut
e state of the economy at the moment of the shock. The top row of Figure 6 plots the distributio

the GIRFs (light blue) for key model variables in reaction to a shock to the productivity proce

of size εt = σy. This is done by evaluating the GIRF above at different initial states random

awn from the ergodic distribution of Ωt.
18 By averaging across the initial states, one can obta

e mean GIRF given by

E[GIRFY (k, εt,Ωt)] = E[Yt+k|εt]− E[Yt+k], (7

ere the expectation operator is taken over the ergodic distribution of the state Ωt. These a

picted in dark blue in the top row panels of Figure 6. Notice that depending on the initial sta

the economy the reaction to productivity shocks can be dramatically different from the averag

hile on average unemployment increases by 0.26pp on impact, that reaction can go up to 0.67p

the 95th percentile. The reaction of DM consumption is strongly hump-shaped, in particul

higher levels of trend inflation. This is a result of the hump-shaped reaction of unemploymen

ich gradually amplifies goods market matching frictions and reduces money demand.

The bottom row of Figure 6 depicts the mean GIRFs conditional on the level of trend inflatio

states where trend inflation is high (in red), the reaction of the economy to shocks is stronge

r example, the average reaction of unemployment on impact is 1.5 times (2.1 times) strong

en trend inflation is about 8% compared to 3% (0%). Labor market tightness reacts on averag

times (1.9 times) stronger under 8% trend inflation compared to 3% (0%).

8The ergodic distribution of the model’s state variables is obtained by running 10,000 simulations of 1,0
nths each and burning the first 136 months to obtain the same length as the data. We then take 1,000 rando
ws from the distribution. For each initial state drawn, we obtain the GIRF by computing the difference betwe
conditional expectations with and without the shock, each averaged over 10,000 simulations of the model,
periods’ length, starting from that initial state. We use percentage point deviations for unemployment. W
percentage deviations for the other variables.
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Figure 6: Reaction to a negative productivity shock: unconditional and conditional GIRFs

Notes: GIRFs for u, θ, x and total output following a 1 standard deviation negative productivity shock.
The top row depicts the distribution of GIRFs (light blue) and their mean (dark blue). Each curve
represents the GIRF evaluated at a particular initial state drawn randomly from the ergodic distribution
of the calibrated model. The bottom row depicts the mean GIRFs conditional on the level of trend
inflation being at about 0%, 3% and 8%.

4 Robustness checks

this section we explore how, and to what extent, the nonlinear behavior predicted by the mod

pends on specific parameter choices. Throughout, we focus on the three statistics emphasize

ove: the average relationship between ῑ and ū, the state-dependent nature of that relationsh

d the relationship between ῑ and the volatility of u. The first is measured using the coefficient

e OLS regression ū on ῑ. We measure the second using the coefficient of the quantile regressio

ū on ῑ at the 5th and 95th percentiles of the distribution of ū. The third is measured using th

efficient of the OLS regression of the volatility of log u on ῑ.

employment flow value. As is well-known in the literature on unemployment volatility an

nfirmed in section 7, the value of non-market activity, captured by b, is crucial in determinin

e strength of the fundamental surplus (FS) effect. We therefore assess the sensitivity of ou

antitative results with respect to this parameter. Our baseline calibration puts b at 0.913

erage output, which amounts to b = 0.99. We experiment with both higher and lower values

n-market activity. Since changing b also changes the average unemployment rate, we re-calibra

e cost of vacancy posting k in each experiment so as to keep the average unemployment ra

ed. Table 10 reports the resulting calibrated parameters, as well as the corresponding statisti

interest. As expected from the analysis in Section 7, lower values of b dampen the effe

ι on unemployment as well as its nonlinearity. In particular, lower values of b reduce th
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Table 10: Sensitivity analysis – Unemployment flow value

Statistic
Parameter change

b = 1.029
k = 0.63

b = 0.99
k = 1.472

b = 0.921
k = 2.790

b = 0.867
k = 3.776

b = 0.759
k = 5.715

b/O 0.950 0.913 0.850 0.800 0.700
standard deviation of log u 0.226 0.138 0.073 0.053 0.035
ū on ῑ: OLS coefficient 0.926 0.446 0.191 0.136 0.087
ū on ῑ: QReg. coef. at 5th perc. 0.050 0.100 0.099 0.085 0.065
ū on ῑ: QReg. coef. at 95th perc. 2.854 1.120 0.337 0.209 0.117
log u vol. on ῑ: OLS coefficient 0.030 0.014 0.004 0.002 0.001

Notes: Data are based on monthly model simulations aggregated on a quarterly basis. Nominal
interest rate and unemployment series are filtered out of high frequency variations using the HP
filter with λ = 1600. Unemployment volatility is measured as the standard deviation of HP-
detrended log unemployment. The volatility regression uses a 5-year rolling window standard
deviation.

plied regression coefficient of ū on ῑ, but also shrink the gap in the coefficients at 95th and 5t

rcentiles. Lower values of b also dramatically reduce the effect of ι on unemployment volatilit

is is not surprising, as lower values of b also drastically reduce unemployment volatility itse

expected from the previous literature (Shimer (2005), Hagedorn and Manovskii (2008)) an

nfirmed in our results.

asticity of the labor market matching function. As we highlight in Section 7, not on

e fundamental surplus (FS) effect but also the labor market matching (LMM) effect is quant

ively important for the model’s amplification mechanism. The former captures by how muc

increase in match output affects match surplus. The latter captures how much an increase

e match surplus in turn affects labor market tightness. The strength of this channel depend

the elasticity of the matching function, which in turn depends on the parameter χ.

In order to illustrate this, we simulate the model under different values of χ. For each value

we recalibrate the cost of entry k to keep unemployment at its level in the baseline calibratio

ble 11 reports the parameter values as well as the simulation results. Compared to our baselin

libration, a lower χ leads to a weaker transmission from ῑ to ū both on average and at the 95t

d 5th percentiles of the distribution of ū. In addition, the nonlinear effects become weake

evidenced by the ratio of the quantile regression coefficients at 95th and 5th percentiles. Th

efficient of the volatility regression likewise drops. Intuitively, a lower χ implies a lower elastici

labor market tightness to match surplus, and furthermore implies that this elasticity is le

sitive to changes in labor market tightness.
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Table 11: Sensitivity analysis – labor market matching function

Statistic
Parameter change

χ = 1.4
k = 1.531

χ = 1.269
k = 1.472

χ = 1
k = 1.249

χ = 0.7
k = 0.753

ū on ῑ: OLS coefficient 0.519 0.446 0.302 0.182
ū on ῑ: QReg. coef. at 5th perc. 0.094 0.100 0.106 0.094
ū on ῑ: QReg. coef. at 95th perc. 1.414 1.120 0.638 0.318
log u vol. on ῑ: OLS coefficient 0.016 0.014 0.009 0.004

Notes: Data are based on monthly model simulations aggregated on a quarterly
basis. Nominal interest rate and unemployment series are filtered out of high
frequency variations using the HP filter with λ = 1600. Unemployment volatility
is measured as the 5-year rolling window standard deviation of HP-detrended log
unemployment.

lative size of the decentralized market. Finally, we conduct robustness checks wit

pect to the relative size of the decentralized market, measured below by P/O. Intuitively, th

gnitude is important because the direct effect of inflation is the distortion of x, the quanti

ded in the decentralized market. We manipulate the size of this market by changing the valu

A, which controls the average money demand. For each experiment, we recalibrate the averag

oductivity of the centralized market, y, so as to keep the average total output per worker, O
nstant. Table 12 reports the results of changes to A. As expected, larger values of A lead

onger effects of inflation and stronger nonlinearities; however, the results are qualitatively an

antitatively robust, even to large changes (e.g. a doubling) in the relative size of the monetar

tor.

To summarize the analysis of this section, our results are broadly robust qualitatively

anges in the key parameters. Quantitatively, the main results are quite sensitive to changes

e key labor market parameters, most notably the value of unemployment consumption and th

sticity of the matching technology. On the other hand, goods market parameters do affect th

del’s amplification mechanism, but even a substantial increase in the size of the decentralize

ods market does not have a drastic effect. This confirms the discussion of Section 7, whic

ued that labor market parameters that have conventionally guided the unemployment volatili

erature continue to be of primary importance here.
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Table 12: Sensitivity analysis – relative DM size

Statistic
Parameter change

A = 1.294
ȳ = 1.029

A = 1.421
ȳ = 1

A = 1.505
ȳ = 0.975

A = 1.644
ȳ = 0.921

P/O 0.050 0.077 0.100 0.150
ū on ῑ: OLS coefficient 0.277 0.446 0.630 1.273
ū on ῑ: QReg. coef. at 5th perc. 0.064 0.100 0.133 0.202
ū on ῑ: QReg. coef. at 95th perc. 0.775 1.120 1.504 2.892
log u vol. on ῑ: OLS coefficient 0.009 0.013 0.018 0.028

Notes: Data are based on monthly model simulations aggregated on a quarterly basis
Nominal interest rate and unemployment series are filtered out of high frequency vari
ations using the HP filter with λ = 1600. Unemployment volatility is measured as th
5-year rolling window standard deviation of HP-detrended log unemployment.

Welfare cost of inflation

e compute the welfare cost of trend inflation in consumption equivalent terms as follows. Give

e stochastic processes {ῑt, ι̂t, yt}∞t=0, equilibrium welfare is given by

W({ῑt, ι̂t, yt}∞t=0) = E
∞∑

t=0

βt [α(nt)[u(xt)− c(xt)] + ntyt + (1− nt)b− κvt+1] . (7

e can write

Yt = ntyt − α(nt)c(xt) + (1− nt)b− κvt+1 (7

the net consumption of the CM good at time t, whereas xt is the consumption of DM good

e t, so that

W({ῑt, ι̂t, yt}∞t=0) = E
∞∑

t=0

βt [α(nt)u(xt) + Yt] . (7

e can also compute welfare when the trend component of inflation is fixed at ῑt = 0, ∀t. Lettin
∗
t , x
∗
t , Y

∗
t }∞t=0 be the equilibrium allocation induced by the stochastic process {0, ι̂t, yt}∞t=0, w

n write

W({0, ι̂t, yt}∞t=0) = E
∞∑

t=0

βt [α(n∗t )u(x∗t ) + Y ∗t ] . (7

e then define the welfare cost of trend inflation as the fraction 1−∆ of consumption agents a

lling to give up in both markets in order to move from the trend inflation process ῑt to a ze
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Table 13: Welfare cost of inflation in the baseline economy

Annual trend inflation Implied trend interest rate, ῑ Welfare cost, (1−∆(ῑ))%

-2.75% 0.00% -
0.00% 2.82% 0.48%
2.50% 5.40% 1.40%
5.00% 7.97% 2.54%
7.50% 10.54% 3.81%
10.00% 13.11% 5.28%
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Figure 7: Welfare cost of trend inflation with and without aggregate uncertainty.

nd nominal interest rate, all else equal. In other words, the quantity ∆ solves

W({ῑt, ι̂t, yt}∞t=0) = E
∞∑

t=0

βt [α(n∗t )u(∆x∗t ) + ∆Y ∗t ] . (7

measure this welfare cost of inflation, we simulate the model with cyclical interest rate an

oductivity shocks under various levels of trend inflation. We then calculate the welfare co

each trend inflation level by averaging across the simulations. Table 13 presents the resul

various levels of trend inflation. In particular, increasing the trend inflation rate from -2.75

rresponding to ῑ = 0) to 10% leads to a welfare loss of 5.28%.19

9This figure is comparable in magnitude to the range of estimates of welfare cost of inflation from search-bas
dels surveyed in Lagos et al. (2017). It should be noted that the estimates of the welfare cost of inflation a
immediately comparable across models; in particular, the estimates surveyed in Lagos et al. (2017) come fro

dels without frictional labor markets.
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nlinear cost of inflation. The solid blue line in Figure 7 plots the welfare cost of inflatio

a function of the annual trend inflation rate in the baseline economy. One can clearly see th

e slope is increasing in ῑ. This means that the effect of a marginal increase in trend inflatio

comes stronger as the latter increases. In particular, increasing the trend nominal interest ra

m -2.75% to 5% reduces welfare by 2.54%; increasing it from 5% to 10% leads to an addition

5pp of welfare loss. This is a 8% stronger effect. In summary, the model predicts that th

lfare loss from inflation is significantly nonlinear as well.

e role of aggregate uncertainty. Compared to the previous literature, our model has a

ditional element that amplifies the welfare cost of inflation: aggregate uncertainty. Its role

ated to the observation that higher levels of trend inflation lead to a smaller match surplu

ulting in higher volatility of unemployment following aggregate shocks. Because the reactio

unemployment to shocks is asymmetric, average unemployment under aggregate uncertainty

her (see e.g. Hairault et al. (2010), Jung and Kuester (2011), and Petrosky-Nadeau and Zhan

20)). This leads to a lower level of welfare compared to an economy without aggregate shock

highlight the effects of this amplification channel on welfare, Figure 7 plots in dashed blue th

erage welfare as a function of trend inflation for an economy where we shut down aggrega

certainty. The economy without aggregate shocks implies a welfare cost of inflation of 4.88%

opposed to 5.28% in the baseline economy. That represents an additional 0.40pp or 7.64%

e total welfare cost of inflation in the baseline economy. Furthermore, Figure 7 shows that th

gregate uncertainty channel seems to matter substantially only at high levels of inflation (abov

).

composing the welfare cost of inflation. In addition to the direct distortionary effe

inflation on DM trade, our model environment is plagued by congestion externalities standar

frictional labor and product markets. On the labor market side, firms do not internalize th

ect of their vacancy posting decisions on the matching probability of workers and other firms,

plained in the seminal work of Hosios (1990). Furthermore, on the product market side, firm

not internalize the effect of aggregate employment on the matching probabilities of buyers an

lers. As pointed out by Rocheteau and Wright (2005), the latter effect implies that there ma

excessive entry of firms, which may be mitigated by higher inflation.

Motivated by this observation, we seek to understand to what extent our measured welfa

st of inflation is driven by its direct effect as a tax on DM trade as opposed to congestio

ternalities. While there are many ways to conduct such a decomposition, we choose one that

ple to implement and to interpret. Consider an equilibrium allocation of employment and DM

antities {nt, xt}∞t=0 induced by a given path of inflation. We can then consider the problem

ctitious social planner who takes the DM traded quantities xt as given, but can dictate firm
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cancy posting and thereby choose nt. The gap in welfare between the solution to this proble

d the true equilibrium provides a measure of congestion inefficiencies, for a fixed (intensiv

rgin) amount of DM trade. We can then decompose the welfare change in response to a

rease in nominal rates from ι to ι′ into a component stemming from the change in x and

mponent stemming from the change in the magnitude of the congestion inefficiency. Append

reports the details of this decomposition exercise. Consistent (qualitatively) with the intuitio

e.g. Rocheteau and Wright (2005), we find that the welfare-reducing effect of inflation is drive

its intensive-margin effect on x, whereas the congestion inefficiency is in fact mitigated b

her inflation.

Conclusion

this paper we have argued that there is an important interaction between the inflation ta

d business cycles. Such interaction arises naturally in a standard monetary search framewor

orporating both labor market frictions and a role for money as a medium of exchange. Th

alysis illustrates that such interaction is potentially more important at high levels of inflatio

e have also shown quantitatively that the small-surplus logic driving unemployment dynami

the DMP model continues to be the dominant force here, even in the presence of confoundin

ects from goods-labor market interactions.

Our findings are of potential relevance given the recent increase in inflation in many countrie

immediate implication of our analysis is that unemployment volatility in response to variou

ocks is not invariant to this higher level of inflation. More generally, the mechanism we highligh

s to do with the interaction between two forces driving unemployment: in our case, inflatio

ers the match surplus, which in turn makes unemployment more sensitive to both non-monetar

ocks and further increases in inflation. The insight is applicable much more broadly to studyin

employment dynamics in response to multiple shocks.
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Table 14: Regression of ū on ῑ (5-year moving averages)

Trend unemployment

(1) (2) (3) (4)

nstant 5.837∗∗∗ 6.066∗∗∗ 3.005∗∗ 2.837∗∗∗

(0.597) (0.385) (1.302) (1.029)

end long-term rate 0.366∗∗∗ 0.324∗∗∗ 0.885∗∗∗ 0.915∗∗∗

(0.112) (0.071) (0.269) (0.188)

servations 3,262 3,262 3,262 3,262

0.083 0.142 0.167 0.200

Statistic 295.68∗∗∗ 532.55∗∗∗ 600.89∗∗∗ 744.80∗∗∗

untry fixed effects No Yes No Yes

me fixed effects No No Yes Yes

ustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parentheses. Data are from the OECD. Both unem-

ployment and long-term nominal interest rate series for each country are filtered out

of high frequency variations by taking 5-year moving averages.
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Table 15: Regression of log ū on ῑ (HP filter)

Trend log unemployment

(1) (2) (3) (4)

Constant 1.708∗∗∗ 1.755∗∗∗ 1.556∗∗∗ 1.706∗∗∗

(0.076) (0.051) (0.175) (0.114)

Trend long-term rate 0.039∗∗∗ 0.030∗∗∗ 0.067∗∗ 0.039∗

(0.011) (0.009) (0.033) (0.021)

Observations 4,007 4,007 4,007 4,007

R2 0.072 0.090 0.072 0.024

F-Statistic 311.62∗∗∗ 393.96∗∗∗ 289.76∗∗∗ 92.32∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Both the

logarithm of unemployment and long-term nominal interest rate series for each

country are filtered out of high frequency variations using the HP filter with λ =

1600.
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Table 16: Regression of log ū on ῑ (5-year moving averages)

Trend log unemployment

(1) (2) (3) (4)

nstant 1.729∗∗∗ 1.776∗∗∗ 1.493∗∗∗ 1.663∗∗∗

(0.082) (0.045) (0.156) (0.098)

end long-term rate 0.041∗∗∗ 0.032∗∗∗ 0.084∗∗∗ 0.053∗∗∗

(0.012) (0.008) (0.028) (0.018)

servations 3,262 3,262 3,262 3,262

0.075 0.101 0.110 0.052

Statistic 263.02∗∗∗ 364.35∗∗∗ 374.11∗∗∗ 164.11∗∗∗

untry fixed effects No Yes No Yes

me fixed effects No No Yes Yes

ustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Both the loga-

rithm of unemployment and long-term nominal interest rate series for each country

are filtered out of high frequency variations using a 5-year moving average.
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Table 17: Regression of (HP-detrended) unemployment volatility on ῑ

Unemployment volatility

(1) (2) (3) (4)

Constant 0.391∗∗∗ 0.354∗∗∗ 0.224∗ -0.023
(0.050) (0.053) (0.123) (0.166)

Trend long-term rate 0.046∗∗∗ 0.053∗∗∗ 0.079∗∗∗ 0.127∗∗∗

(0.008) (0.010) (0.028) (0.033)

Observations 3,616 3,616 3,616 3,616

R2 0.077 0.132 0.090 0.135

F-Statistic 300.46∗∗∗ 544.05∗∗∗ 332.22∗∗∗ 519.68∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Unemployment

volatility is measured as the 5-year rolling window standard deviation of HP-detrended

unemployment. Long-term nominal interest rate series for each country is filtered out

of high frequency variations using the HP filter with λ = 1600.
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T
able 18: Regression of (5-year moving average detrended) log unemployment volatility on ῑ

log unemployment volatility

(1) (2) (3) (4)

Constant 0.099∗∗∗ 0.085∗∗∗ 0.064∗∗∗ 0.007
(0.014) (0.019) (0.023) (0.049)

Trend long-term rate 0.009∗∗∗ 0.011∗∗∗ 0.015∗∗∗ 0.026∗∗∗

(0.003) (0.004) (0.005) (0.009)

Observations 2,882 2,882 2,882 2,882

R2 0.066 0.113 0.078 0.097

F-Statistic 201.77∗∗∗ 364.07∗∗∗ 224.29∗∗∗ 282.66∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Unemployment

volatility is measured as the 5-year rolling window standard deviation of log unem-

ployment detrended using a 5-year moving average. Long-term nominal interest rate

series are filtered out of high frequency variations using a 5-year moving average.
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Table 19: Regression of (5-year moving average detrended) unemployment volatility on ῑ

Unemployment volatility

(1) (2) (3) (4)

Constant 0.588∗∗∗ 0.523∗∗∗ -0.234 -0.740∗∗

(0.143) (0.129) (0.288) (0.357)

Trend long-term rate 0.098∗∗∗ 0.110∗∗∗ 0.256∗∗∗ 0.354∗∗∗

(0.031) (0.025) (0.065) (0.069)

Observations 2,882 2,882 2,882 2,882

R2 0.079 0.139 0.196 0.216

F-Statistic 248.16∗∗∗ 460.15∗∗∗ 650.05∗∗∗ 721.46∗∗∗

Country fixed effects No Yes No Yes

Time fixed effects No No Yes Yes

Clustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parenthesis. Data are from the OECD. Unemployment

volatility is measured as the 5-year rolling window standard deviation of unemploy-

ment detrended using a 5-year moving average. Long-term nominal interest rate

series are filtered out of high frequency variations using a 5-year moving average.
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Notes: The dashed lines represent the 95% confidence intervals. Data are from the OECD. Both
unemployment and long-term nominal interest rate series for each country are filtered out of high
frequency variations using a 5-year moving average.
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Table 20: Regression of labor productivity on ῑ (5-year moving average)

Labor productivity (in log)

(1) (2) (3) (4)

onstant 4.670∗∗∗ 4.653∗∗∗ 4.496∗∗∗ 4.550∗∗∗

(0.024) (0.021) (0.020) (0.034)

rend long-term rate (5y moving average) -0.037∗∗∗ -0.034∗∗∗ -0.006 -0.015∗∗

(0.004) (0.004) (0.004) (0.006)

bservations 3,308 3,308 3,308 3,308

2 0.323 0.327 0.011 0.064

-Statistic 1578.80∗∗∗ 1588.70∗∗∗ 35.18∗∗∗ 207.58∗∗∗

ountry fixed effects No Yes No Yes

ime fixed effects No No Yes Yes

lustered errors (country level) Yes Yes Yes Yes
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Notes: Standard errors are in parentheses. Data are from the OECD. Labor productivity is mea-

sured as the natural logarithm of real GDP per person employed. Long-term nominal interest rate

series for each country is filtered out of high frequency variations using a 5-year moving average.
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ppendix B Computations and calibration

lution method. The model is solved numerically using value function iteration.20 We di

tize the state space Ωt = {ῑt, ι̂t, yt, ut−1} as follows: The continuous state stochastic process

yt and ι̂t are each approximated by a 30-state Markov chain using the Rouwenhorst (199

ocedure, which is shown by Petrosky-Nadeau and Zhang (2017), for the case of productivi

ocks, to provide a better approximation when solving the DMP model nonlinearly.21 The tren

mponent ῑt is modeled as a very persistent Markov chain with 5 states. The state values

e chain are computed by dividing the distribution of ῑt into five quintiles and taking the a

ge value of each quintile. This yields the values: {3.24%, 4.37%, 6.06%, 7.74%, 10.62%}. W

en estimate the transition probabilities by maximum likelihood as in Chatterjee and Corba

07). The maximum likelihood estimate of pjk, the probability of transitioning from states

k, is computed as the ratio of the number of times the economy transitions from state j to

the number of times the economy is in state j. We obtain the following estimated transitio

obability matrix:



0.994 0.006 0 0 0

0.006 0.988 0.006 0 0

0 0.006 0.988 0.006 0

0 0 0.006 0.988 0.006

0 0 0 0.006 0.994



.

e space of the state variable ut−1 is discretized using a grid of 30 equidistant points. We linear

erpolate the value function between the grid points of ut in order to improve accuracy.

libration procedure. We calibrate the internal parameters following a Simulated Metho

Moments (SMM) procedure.22 Let Θ be the vector containing the internal parameters, µ th

ctor of the targeted empirical moments and µs(Θ) the vector of their model-based counterpart

tained by simulating the model using a random draw s of productivity and interest rate shock

e simulated moments are averaged over S = 1, 000 simulations each of length T = 1, 000.

e burn the first 136 observations to match the length of the empirical data series (864 month

servations). The SMM procedure consists in solving for the vector Θ̂ that minimizes the distan

Θ) = µ− 1
S

∑S
s=1 µs(Θ) such that

Θ̂ = arg min
Θ
G(Θ)TW−1G(Θ) (7

0Our code is written in Python and uses the Numba library extensively for just-in-time compilation and para
zation (Lam et al., 2015).
1We use the Rouwenhorst routine from the QuantEcon Python library (Sargent and Stachurski, 2014).
2See for example Ruge-Murcia (2012) and references therein.
3To match empirical moments based on quarterly data, we aggregate our monthly simulations quarterly an
pute the corresponding model-based moments.
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ere W is a semi-definite weighting matrix. Since our calibrated model is exactly identifie

e choice of the weighting matrix is irrelevant. We use the percent difference to ensure that th

tance is unit free and thus avoid unintended weighting.

57



Journal Pre-proof

A

Th d

th

C

Th e

fir 0)

wi

7)

Re

8)

Us =

xc

9)

No in

wh t,

x i

0)

Re

1)

wi te

ou

d

P 2)
ppendix C Additional details on model mechanism

is section contains additional details on both the derivations of the elasticities in Section 7 an

e associated numerical decomposition.

.1 Omitted derivations

is section presents the detailed derivations of the elasticities εθ,y and εθ,ι in (65) and (66). W

st derive the expressions for εP,n and εP,ι in (62) and (64). Totally differentiating equation (6

th respect to x, y and ι, we find

ϕ

(
c′′(x)

u′(x)
− c′(x)u′′(x)

u′(x)2

)
dx =

(
α′(n)

ι+ α(n)
− α(n)α′(n)

[ι+ α(n)]2

)
dn− α(n)

[ι+ α(n)]2
dι. (7

arranging terms yields

ϕ
c′(x)

u′(x)

(
xc′′(x)

c′(x)
− xu′′(x)

u′(x)

)
dx

x
=

ια(n)

[ι+ α(n)]2

(
nα′(n)

α(n)

dn

n
− dι

ι

)
. (7

ing equation (60) to substitute out ϕc′(x)/u′(x) together with σu,x = −xu′′(x)/u′(x), σc,x

′′(x)/c′(x) and εα,n = nα′(n)/α(n), yields

dx

x
=

1

σu,x + σc,x

ια(n)

ι+ α(n)

1

ϕα(n)− (1− ϕ)ι

(
εα,n

dn

n
− dι

ι

)
. (7

te that the term ϕα(n) − (1 − ϕ)ι is strictly positive whenever we are in the relevant case

ich x is strictly positive. Equation (60) namely implies that, keeping everything else constan

s strictly decreasing in ι with lim
ι→ϕα(n)

1−ϕ
= 0.

Totally differentiating P = α(n)
n

(1− ϕ) [u(x)− c(x)] with respect to x and n yields

dP =

(
α′(n)

n
− α(n)

n2

)
(1− ϕ) [u(x)− c(x)] dn+

α(n)

n
(1− ϕ) [u′(x)− c′(x)] dx. (8

arranging terms yields

dP
α(n)(1− ϕ) [u(x)− c(x)] /n

= (εα,n − 1)
dn

n
+
x [u′(x)− c′(x)]

u(x)− c(x)

dx

x
(8

th εα,n = nα′(n)/n. Substituting the expression for P into (81) and using (79) to substitu

t dx/x, we obtain

P
= (εα,n−1)

dn

n
+

1

σu,x + σc,x

ια(n)

ι+ α(n)

1

ϕα(n)− (1− ϕ)ι

x [u′(x)− c′(x)]

u(x)− c(x)

(
εα,n

dn

n
− dι

ι

)
. (8
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be t-
is immediately implies that
dP
P = εP,n

dn

n
+ εP,ιdι. (8

th εP,n defined by equation (62) and εP,ι defined by equation (64), as desired. Note that th

n of εP,n is ambiguous while εP,ι = 0 if ι = 0 and εP,ι < 0 if ι > 0.

We proceed by totally differentiating the free entry condition (54) with respect to θ and O:

0 = Υ′(θ)(O − b)dθ + Υ(θ)dO. (8

arranging terms and defining εΥ,θ = −θΥ′(θ)/Υ, which is strictly positive, yields

dθ

θ
=

1

εΥ,θ

O
O − b

dO
O . (8

so notice that the output equation (59) can be totally differentiated to yield

dO
O =

y

O
dy

y
+
P
O

dP
P . (8

mbining equations (83), (85) and (86) then gives us

dθ

θ
=

1

εΥ,θ

O
O − b

[
y

O
dy

y
+
P
O

(
εP,n

dn

n
+ εP,ιdι

)]
. (8

fferentiating the steady-state employment expression (55) with respect to θ shows that εn,θ
θ
n

satisfies (58). Substituting (58) into (87) and rearranging terms, we obtain

dθ

θ
=

(
1− 1

εΥ,θ

O
O − b

P
OεP,nεn,θ

)−1
1

εΥ,θ

O
O − b

(
y

O
dy

y
+
P
OεP,ιdι

)
. (8

then follows immediately that
dθ

θ
= εθ,y

dy

y
+ εθ,ιdι, (8

th εθ,y given by equation (65) and εθ,ι given by equation (66), as desired.

Finally, we relate the sign of the GEM feedback effect

(
1− 1

εΥ,θ

O
O − b

P
OεP,nεθ,n

)−1

(9

equations (65) and (65) to the dynamic stability of steady states. For this purpose, we r

nsider the free-entry condition (54). Taking into account the equilibrium relationship betwee

and n, which operates through the dependency of P on n, as well as the equilibrium relationsh

tween θ and n, which operates through equation (55), we find that the derivative of the righ
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nd side of equation (54) with respect to n is given by

Υ′(θ)(O − b) θ
n

1

εn,θ
+ Υ(θ)

P
n
εP,n, (9

ich has the opposite sign of

1− 1

εΥ,θ

O
O − b

P
OεP,nεn,θ. (9

henever the feedback term is positive, a small increase in employment relative to its stead

te value therefore implies a violation of the free-entry condition because the value of postin

vacancy becomes too small compared to the cost of posting a vacancy. As a result, mark

htness and the job finding rate go down, so that employment gradually converges back to th

ady state. This points towards the local stability (instability) of the steady state whenever th

dback effect is positive (resp. negative). In addition, due to the feedback effect, multiple stead

tes can exist. The steady state achieving the highest rate of employment is locally stable,

e right-hand side of the free-entry condition approaches zero when θ approaches infinity.

.2 Decomposing the mechanism

is section provides additional details on the decomposition of the elasticities in Section 7.1. W

st decompose the GEM effect,

(
1− 1

εΥ,θ

P
O − bεP,nεn,θ

)−1

(9

e begin by inspecting the term εP,n, which, from (62), equals the sum of a money-demand effe

d a congestion effect. The money-demand effect captures the fact that higher employmen

ses a buyer’s probability of finding a seller, thereby raising buyers’ real money balances an

nce sellers’ profits. The congestion effects captures the fact that higher employment lowers

ler’s probability of finding a buyer, thereby lowering seller’s profits. Because these two effec

ive profits in opposite directions, the sign of εP,n is theoretically ambiguous.

Figure 11 shows the decomposition of εP,n into the money-demand and congestion effects, for

ge of y and ι. There are two main lessons from the figure. First, the congestion effect dominat

e money-demand effect on the entire grid – even for high interest rates and low productivit

ere the money-demand effect is strongest and the congestion effect is weakest. As a result, εP

negative for relevant values of ι and y. Second, however, because of the two offsetting effect

e overall magnitude of εP,n is not very large in absolute value, as will be important below.

We next observe that, in the expression (93) for the GEM effect, the elasticity εP,n is multiplie

the positive term 1
εΥ,θ

P
O−bεn,θ. This term captures how changes in P translate, in turn, in

anges in θ and subsequently n, which then feeds back into P through εP,n. Figure 12 display
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Figure 11: εP,n and its decomposition into a money-demand effect and a congestion effect.
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e individual components of this product, illustrating two results. First, the positive comp

nts, illustrated in panels 12a-12c, are amplified for large ι and small y. Though εP,n (which

gative) becomes less negative due to a stronger money-demand effect and a weaker congestio

ect, the fact that it is negative, and all the other (positive) terms tend to become stronger f

ge ι and small y, implies that the GEM effect becomes more dampening for large ι and sma

To put it differently, the GEM effect is composed, roughly speaking, of the product of tw

mponents: the feedback effect from employment to profits, and the feedback effect from profi

ck into employment. The comparative statics of the latter with respect to ι and y dominate th

mparative statics of the former. Second (perhaps more importantly), because each individu

mponent of Figure 12 is modest in absolute value, the product of the individual components

all, and hence the GEM effect is not too consequential for the model’s behavior in response

anges in ι or y. Third, we note that for small y, the GEM effect is non-monotone in ι. This

rely driven by the fact that for y < b (y > b), P
O−b is decreasing (resp. increasing) in P , with

rn P decreasing in ι. This is illustrated in panel 12c.
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Figure 12: Decomposition of the general-equilibrium multiplier.
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We next decompose the term directO,ι, the direct effect of ι on O. This is given by the produ

,ι
P
O . Figure 13 shows the decomposition of this product into its two individual components. Th

sticity εP,ι is negative as long as ι > 0, and its absolute value increases as ι increases. On th

er hand, PO (positive) is small when ι is large, as a higher ι reduces the share of DM trade

al trade. When combined, we see that the effect of ι on εP,ι is the dominant force. This occu

cause the quantity P
O is small to begin with, and changes in this quantity do not significant

ive the changes in the product εP,ι
P
O in percentage terms.
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Figure 13: εP,ι
P
O and its decomposition.
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ppendix D Decomposing the welfare cost of inflation

is section provides the details on decomposing the welfare cost of inflation, as discussed

e end of Section 9. To better understand the contribution of frictions in different markets

e welfare cost of inflation, we attempt to disentangle two components: the direct effect of th

ation tax on DM consumption, and the congestion externalities in labor and goods markets

We conduct the following analysis restricting attention to steady states, and can therefo

er to a single nominal interest rate. For a given nominal interest rate ι, we can compute th

uilibrium allocation of market tightness θt, employment nt, and DM consumption, xt, yieldin

e corresponding level of welfare W(ι). Next, consider a fictitious social planner’s problem

oosing θt and nt while taking the path of xt as given. The solution to such a fictitious proble

swers the question: what would be the efficient path of employment, given the anticipate

ount of DM trade? Such a path of θt, nt maximizes

E0

∞∑

t=0

βt [α(nt)(u(xt)− c(xt)) + ntyt + (1− nt)b− kθt+1(1− nt)] (9

bject to

nt = (1− δ)nt−1 + f(θt)(1− nt−1) (9

ing the sequence xt as given. Imposing steady state, the efficient θ, n allocation given x mu

isfy the system of equations:

n =
f(θ)

δ + f(θ)

α′(n)(u(x)− c(x)) + (y − b)
k

=
β−1 − 1 + δ + f(θ)− θf ′(θ)

f ′(θ)

ll the resulting allocation (θ̃(x), ñ(x)) and the corresponding welfare level W̃(x). For any give

e can compute the true equilibrium x(ι) and W(ι), as well as W̃(ι) = W̃(x(ι)), i.e. th

unterfactual level of welfare that one would obtain if x is the same as the equilibrium x(ι) bu

and θ are chosen efficiently given that x. By construction, for any ι, W(ι) differs from W̃(

ly by virtue of a different θ and n. Then we can decompose the welfare cost of inflation (whe

ving from the Friedman rule to some ι > 0) as follows:

W(ι)−W(0) =
(
W̃(ι)− W̃(0)

)

︸ ︷︷ ︸
inflation tax effect

+
(
W(ι)− W̃(ι)

)
−
(
W(0)− W̃(0)

)

︸ ︷︷ ︸
change in congestion inefficiency

(9

e first term measures the change in welfare stemming from the inflation tax distortion on

e second term measures the change in the congestion inefficiency when the nominal interest ra

anges from 0 to ι. Note that this second term can be positive, negative, or zero. For exampl
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ble 21: Decomposition of the non-stochastic steady state consumption-equivalent welfare co
inflation in the baseline economy

nnual inflation rate Implied interest rate ι Welfare cost, (1−∆(ι))% Inflation tax effect Change in congestion inefficiency

-2.75% 0.00% - - -
0.00% 2.82% 0.43% 0.52% -0.13pp
2.50% 5.40% 1.31% 1.59% -0.34pp
5.00% 7.97% 2.43% 2.92% -0.57pp
7.50% 10.54% 3.65% 4.35% -0.80pp
10.00% 13.11% 4.88% 5.78% -1.01pp

this term is zero, this would indicate that, while there may be a congestion inefficiency, i

gnitude remains the same as inflation changes. If the term is positive, this would indicate th

igher inflation mitigates the congestion inefficiency.

Figure 14 presents the net welfare cost and its decomposition. As is apparent from the Fi

e, the change in congestion inefficiency indeed attenuates the welfare cost of inflation, becau

ation reduces excessive entry by firms. We also compute, similarly to our baseline welfare co

lculation, the consumption-equivalent for each component in the same manner as described

uations (73), (74), and (75). We thus solve for the consumption-equivalent compensation term

rresponding to the inflation tax and the congestion inefficiency terms in (96). Table 21 presen

e decomposition of the consumption-equivalent welfare cost of inflation at the non-stochast

ady state for various levels of ι. In consumption-equivalent terms, the “inflation tax” cost

anging trend inflation from the Friedman rule to 10% is about 5.78%. However, this cost

enuated by the welfare gain from lowering congestion inefficiencies, as inflation operates as

on firms’ entry. In particular, the welfare cost resulting from congestion inefficiencies at th

iedman rule is about 1.31%. Moving to a 10% annual trend inflation reduces this inefficienc

about 1.01pp. This explains why the net welfare cost of moving to 10% inflation is only 4.88%

gure 15 presents the net welfare cost and its decomposition in consumption-equivalent term

ewise confirming the result in Figure 14.
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Figure 14: Decomposition of the welfare cost of inflation.
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Figure 15: Decomposition of the consumption-equivalent welfare cost of inflation.
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