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Abstract

The relationship between government spending, marginal costs and inflation is at the
core of New Keynesian theories of price setting. In particular, the impact of a demand
stimulus on marginal costs and inflation determines the size of the fiscal multiplier.
Yet, despite the fundamental importance of this relationship to theory, documenting it
in the data has proved elusive.

In this paper we estimate the effect of a fiscal expansion on inflation using the Nielsen
Retail Scanner Data. To identify this response of inflation to a demand stimulus (an
increase in the generosity of unemployment insurance) we exploit a policy discontinuity
at U.S. state borders. We find that inflation (and also spending) responds with a delay
in a hump-shaped manner.

To assess the impact on marginal costs we explore whether this response is consistent
with two leading models of price setting, the sticky price model and the sticky infor-
mation model, which are known to have different implications for the size of the fiscal
multiplier. We find that the sticky information model is consistent with our empirical
findings whereas the sticky price model is not.
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1 Introduction

The objective of this paper is to document empirically the relationship between fiscal stim-
ulus, marginal costs, and inflation. This relationship is at the core of the New Keynesian
theory which is widely used to assess various macroeconomic stabilization policies. In par-
ticular, this relationship is crucial in determining the size of the fiscal multiplier implied by
this models. For example, using the standard sticky-price version of the theory, Christiano,
Eichenbaum, and Rebelo (2011) and Farhi and Werning (2013) find the multiplier to be
large whenever nominal interest rates are not responsive to inflation. The model mechanism
for this result is simple. Government spending increases marginal costs which leads firms
to increase prices, resulting in higher inflation. With fixed nominal interest rates - with the
leading example a liquidity trap with a nominal interest rate of zero - the increase in inflation
leads to a one-for-one reduction in the real interest rate, boosting current private spending.
This increase in demand leads to further increases in inflation, and so on, explaining the
quantitatively important feedback loop. In contrast, the dynamic response of marginal costs
and inflation to a fiscal stimulus in the version of the theory based on sticky information
developed by Mankiw and Reis (2002) implies that the fiscal multiplier is below one.

While it has been long recognized that a short run link between real activity - including
government spending, marginal costs, and inflation is at the heart of the theory, e.g., Gali and
Gertler (1999), documenting this relationship in the data has proved elusive. The empirical
literature focused primarily on describing the relationship between inflation and measures
of economic slack such as the unemployment rate. This evidence is, however, difficult to
interpret because while the unemployment rate increases and inflation decreases in response
to a negative demand shock, the unemployment rate and the inflation rate both increase
in response to a negative technology shock. In addition, measurement of economic slack or
marginal costs in the data is highly model dependent. Another voluminous and contentious
branch of the literature that attempted to measure fiscal multipliers using Structural VARs
or using the regional variation in government spending (see Ramey (2011) for a survey), has
not assessed the link between government spending and inflation. This seems surprising as
the effect on inflation is not only the key channel but the path of consumption is independent
of the path of government spending given the inflation path (and a path for the nominal
interest rate), as pointed out by Farhi and Werning (2013).

In this paper we attempt to fill this gap. Given that it appears exceedingly challenging

to identify the impact of fiscal spending on marginal costs and inflation using aggregate



data, we propose to exploit a novel source of substantial exogenous time-series and cross-
sectional variation in government spending across U.S. states and counties. Exploiting the
cross-sectional variation is attractive for a number of reasons. The vast amount of exogenous
variation leads to fairly large sample sizes which allows us to obtain precise estimates. As
these locations constitute a monetary union, it is easy to control for the effects of the common
monetary policy. Finally, the variation in government spending that we consider represents
pure transfers from the rest of the union for which, as we show below, the theory provides
unambiguous predictions regarding the response of local inflation and marginal costs.

To exploit this variation we require data on the evolution of prices at the same level of
geographic aggregation. To construct local price indexes we use data from Nielsen’s Retail
Scanner Database. This is an enormous dataset that provides over the 2006-2012 period
weekly records of quantities and prices of nearly all goods sold at approximately 40 thousand
grocery, pharmacy, and mass merchandising stores spread out across the U.S. All goods are
precisely identified using the UPC codes. Beraja, Hurst, and Ospina (2015) also construct
local indexes using these data and show that aggregating these price data tracks the CPI
indexes provided by the BLS for the corresponding product categories nearly identically.

To identify exogenous variation in government spending across locations we consider the
transfers from the federal government through the unemployment insurance system. The
period for which we have price and quantity data from the Nielsen’s Retail Scanner Database
largely coincides with the Great Recession and its aftermath. During this period there
was an unprecedented expansion of the unemployment insurance payments with federally
financed unemployment benefit duration rising by up to 73 weeks, but with substantial
variation across U.S. states. We document below that when a state increases available
benefit duration, the amount of transfers it receives from the federal government to pay the
newly-eligible unemployed jumps on impact and remains stable at the new higher level for a
long time. The amount of transfers through this policy is also large. For example, in 2011,
these transfers accounted for 1.5% of average personal income with a wide heterogeneity
across states.

The transfers are obviously endogenous to the economic conditions in the state. To ob-
tain the necessary exogenous variation, our empirical strategy exploits a policy discontinuity
at state borders. Key feature of the U.S. unemployment insurance system is that policies
are determined at the state level and apply to all locations within a state. This allows us to

identify the effects of exogenous variation in transfers by comparing the evolution of sales and



inflation in counties that border each other but belong to different states.! Locations sepa-
rated by a state border share a common monetary policy and are expected to have similar
labor and product markets due to the same geography, climate, access to transportation, ag-
glomeration benefits, access to specialized labor and supplies, etc. Indeed, we provide direct
evidence that economic shocks do not stop at the state border but evolve smoothly across
borders. The key feature that sets these locations apart is the difference in policies on the
two sides of the border. This policy discontinuity allows to identify its pricing implications.
A fundamentally similar identification strategy was used, among others, by Holmes (1998)
to identify the impact of right-to-work laws on location of manufacturing industry and by
Dube, Lester, and Reich (2010) to identify the effect of minimum wage laws on earnings
and employment of low-wage workers. We explicitly control for the effects of other policy
changes at the state level (that could be correlated with the expansion of unemployment
benefit durations) to ensure that our estimates isolate the effects of unemployment benefit
extensions.

Armed with the required data and methodology, we are able to document empirically the
effect of exogenous variation in fiscal transfers on retail sales and prices. We find that these
transfers represent a substantial demand stimulus. In particular, we show that, controlling
for state unemployment, sales increase significantly in a hump-shaped fashion with a peak
response of between 7 and 8 percent occurring one to two years after the increase in benefit

duration.?

The impact of benefit extensions on inflation is also hump-shaped and gradual
with a peak response of 1.2% reached 7 quarters after the change in benefit duration.

This descriptive evidence appears consistent with an effective expansionary fiscal policy at
the local level. However, to understand the implication of these findings for the effectiveness
of a demand stimulus a general equilibrium model is required. We consider the benchmark
New Keynesian model with sticky prices as well as the Sticky Information Model. For the
model to be useful for a policy analysis at the aggregate level, it has to be consistent with
the evidence at the disaggregated level.

The theoretical foundations underlying our analysis of the effects of a fiscal stimulus in
a currency union of small open economies (counties in our analysis) using a sticky-price
New Keynesian model were developed in Farhi and Werning (2013). They show that in

this model an expansionary fiscal policy (in particular, a fiscal transfer to a member of the

currency union) raises firms’ marginal costs which induces firms to increase prices. While the

LA Map of U.S. state and county borders can be found in Appendix Figure A-1.
2Controlling for state unemployment eliminates the potential positive effect of unemployment benefit
extensions on unemployment, the magnitude of which remains a subject of a lively debate in the literature.



relevant deviations of marginal costs from the frictionless benchmark in response to fiscal
stimulus are difficult to measure directly, the theory of price setting underlying the New
Keynesian model with sticky prices allows us to do so using the descriptive estimates of the
dynamic response of inflation. Specifically, the New Keynesian Phillips Curve implies that
the deviations of marginal costs are equal to the quasi-differenced inflation (inflation in period
t minus discounted inflation in period ¢ + 1). Comparing the response of quasi-differenced
inflation across border counties to the extensions of UI benefits, we find zero impact both
economically and statistically at all leads and lags. Thus, viewed through the lens of the
sticky-price New Keynesian model, the dynamics of price response that we document implies
that fiscal stimulus has no effect on marginal costs at all leads and lags. As the inflation
predicted by this model is equal to the present discounted value of future deviations of
marginal costs, the finding of no effect of fiscal stimulus on marginal costs implies that there
is also no impact on inflation in the model. Thus, the model fails to replicate the dynamic
path of inflation that we measure in the data. Conducting a robustness analysis we show
that these findings are insensitive to allowing for price indexation and trend inflation as well
as to different discounting of future marginal costs in firms’ pricing decisions. Moreover,
the results apply to goods with any observed degree of price stickiness and are not affected
by controlling for store chain-wide pricing policies. As our measurement approach exploited
only the optimality of firms’ decisions given the theory of pricing frictions, the evidence calls
this theory into question.

An alternative theory of price setting based on the assumption that information dis-
seminates slowly among the price-setting firms, was developed by Mankiw and Reis (2002).
Contrasting this theory with the descriptive evidence that we documented, we find that it
can generate the dynamic path of marginal costs (and inflation) consistent with the data.
This is possible, however, only if the information frictions are relatively small. Moreover,
regardless of the size of these frictions, the fiscal multipliers generated by this model are
strictly below one.

The remainder of the paper is organized as follows. In Section 2 we describe the data
and variable construction. In Section 3 show that unemployment benefit extensions represent
significant demand stimulus and document the effects of this stimulus on sales and inflation.
In Section 4 we measure the effects of unemployment benefit extensions on the marginal
costs and inflation rate using the New Keynesian model with sticky prices and find them
to be virtually zero, contradicting our direct observations in the data. The corresponding

analysis of the Sticky Information model is in Section 5. Section 6 concludes.



2 Data

Theory requires to measure firms’ decision to change prices.

This price change reflects changes in firms’ marginal costs.

Inflation index should not be contaminated by shop-switching behavior of consumers.

We therefore consider how each store changes the price of each good.

2.1 Price Data

Inflation is calculated using the Nielsen Retail Scanner Data, which we obtained through
the Kilts Center for Marketing at the University of Chicago Booth School of Business.?
The database includes weekly sales records for over 35,000 participating grocery, drug, mass
merchandiser, and other stores in 52 major markets across the US, as well as information
on the county where each store is located. Stores report the value and quantity sold of each
product sold at a weekly frequency. This high level of detail enables us to measure inflation
at the county level by comparing the prices charged for identical products sold in the same
store in different time periods, whereby controlling for factors such as product quality and
store amenities.

The Kilts-Nielsen data uniquely identifies each product using a Universal Product Code
(UPC) as well as a UPC version control number that reflects any changes to the observable
characteristics of the product, such as package size or brand name. We will follow the same
convention, considering two products to be identical only if they have the same UPC and
UPC version control number. We will henceforth refer to this pair of identifiers as a product

or UPC and denote it using .

Inflation Index Definitions We measure two different types of inflation. One is intended to
represent inflation in posted prices, the other one is intended to measure consumer inflation.
All of these inflation indexes are geometric averages of price changes and each is differentiated
by the weights that are applied to each price change in the geometric average.

We study these indexes at a monthly and quarterly frequency, so we first aggregate the

Nielsen sales data across weeks, defining the sales-weighted average price charged by store s

3http:/ /research.chicagobooth.edu/nielsen /datasets /scanner-data.aspx



for UPC (or product) u in time period ¢ as

Puse = 2 (1)

where v, 5; and g, s respectively denote the total value and quantity purchased of UPC u
in store s in time period ¢.

The index for a county ¢ in month ¢ is a weighted geometric average of these price changes

across all of the products and county-c stores for which we observe positive sales in both

period t and period t — dt:

wﬁ,s, Jdt
L+ Wf,t,dt = H H (M) - , (2)

Pu,s t—dt
UEUs [t—dt, 1] SES¢,[t—dt, 1]

where Ug ;414 is the set of UPCs sold in store s in months ¢ — dt and ¢; S i—q is the
set of county-c stores whose sales are observed in the sample in months ¢t — dt and ¢; and
w{j’s,t is a weight unique to the index being calculated. The posted price inflation indexes

are calculated using equal weights, which are formally defined as follows:

1
W = : (3)
T Zu/eUS,[tfdi,t] ZSIESC,[tfdt,t] ]I['Uu’,sﬁt—dt > O]]I[Uu’,s’,t > 0]

We measure consumer inflation using a Tornqvist index:

T 1 Vu,s,t—dt

Vu,s,t
w = — + = . (4)
u,c,t,dt
2 (ZUIEUS,[tdt,t] ZS/GSC,[t—dt,t] V' t—dt ZU/GUS,[tfdt,t] ZS'ESC,[th,t] U s/t

In our base analysis, we calculate both indexes at a monthly frequency, where ¢ denotes

a month, with a “base-gap,” dt, of 1 and 12 months.

Implementing the Inflation Index Calculation The size of the dataset implies that we
must construct each of the indexes above by first calculating “sub-indexes” for each of 800
or so product categories. We will follow Nielsen’s naming convention and refer to these
categories as modules. Let U, denote the set of UPCs categorized in module m. We can
define a module-specific inflation index for a county ¢ in period ¢ relative to period t — dt as

follows:

& pu st wﬂ’j,m,s,t,dt

1 + 7Trn,c,t,dt = H H P : 7d ) (5)
UEU s, [t—dt,t] SESe,[t—dt,1] Uyt —dt

where Up, s t—dts] = Usji—aey [ | Um is the set of UPCs in module m that are sold in store s

in period ¢ — dt and t; Sc [;—q is the set of county-c stores whose sales are observed in the
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sample in periods ¢t — dt and ¢; and wy ¢4 15 @ module-specific and time-specific weight
for a UPC relative to the other UPCs in that module given by equations 3 through 4, where
the denominator is summed only over module m UPCs rather than all UPCs (i.e., replace

Us,t—dt,) With Um,s,[t—dt,t})- For example, the within-module Tornqvist weight becomes:

T —
wu,m,s,t,dt - (6)
1 ( Vu,s,t—dt + Vst )
2 ZuleUm,s,[tfdt,t] ZS/GSC,[t*dt,t] U, s/ t—dt ZuleUm,s,[tfdt,t] ZSIESC,[t*dt,t] Uu,s' t

We aggregate across modules m = 1, ..., M, using a weighted geometric average:

M
wk
1+ ﬁ-f,t,dt = H (1 + an,c,t,dt) e (7)

m=1

with module weights, wk _. . given by the module-level equivalents for the weights given by

m,c,t,d

equation 3. For example, the module-level Tornqvist weight is:

wsq,c,t,dt = (8)

v — v
1 ( ZuleUm,s,[tfdt,t] ZS,ESC,[t*dt,t] w8 t—dt Zu/eUm,s,[tfdt,t] ZS/ESC,[t*dt,t] w8’ )

2 meM ZuleUm,s,[t—dt,t] ZSIESC,[t—dt,t] Uu' s t—dt ZmeM ZU'EUm,s,[t—dt,t] ZS/GSC,[t—dt,t] Vo't
The two-tiered Tornqvist index produces inflation rates that are almost identical to those

of the standard Tornqvist defined in equations 2 and 4 above.

County Price Levels County-level indexes are calculated using spatial analogs of the infla-
tion indexes outlined above. Where the inflation indexes compare the prices charged locally
in the current period, ¢, relative to the prices charged locally in a past period t — dt, the
county-level price level indexes compare the prices charged locally in the current period to
those charged for the same products nationally. The price-level index for a county ¢ in month
t, for example, is a weighted geometric average of prices charged across all of the products
sold in county-c stores relative to the sales-weighted average price charged for those same
products nationally in the same month:

wk

Pc]ft,dt = H H (M) o ) (9)

pu,t
UEUs [t—dt 1] SESe,[t—dt,1]

> ecz"es Uy, s’ tPu,s' t . . . . .
where p,; = = et 2P P s the sales-weighted national average price of UPC w in
’ ZCGC ZS/ESL t s/t

period ¢ and the weights wﬁ’s’t are defined as above with the national market share taking



CPI Category: Food All items

New York 974 .96
Boston .992 923
Chicago 983 914
Washington 988 97

Table 1: Correlations between Kilts-Nielsen CPI for Border Counties in MSAs and
Respective MSA-Level BLS Indexes

the place of the local lagged market share in the Tornqvist index:

1 c s/ Vs, u,s
wg‘ct _ - ( Z cC Z ESc,t t + (% ,8,t ) ) (10)
sCy 2 Z

u'€Us ¢ ZCGC ZS’ESc,t Uu/,s' t Zu’EUs,t ZS/GSc,t Uu! st

Measuring and using retail prices as a combination of local marginal costs and goods
imported by the county is based on results by Burstein, Eichenbaum, and Rebelo (2005).
These authors find that "retail prices of tradable goods comprise two important nontradable
components: distribution costs and local goods. We define distribution costs as wholesale
and retail services, marketing and advertising, and local transportation services. We define
local goods as goods that are produced solely for the domestic market. Thus the retail prices
of tradable goods do not accurately reflect the prices of pure traded goods at the dock, that

is, the prices of goods that are actually traded, exclusive of distribution costs."

Kilts Replicated BLS CPI vs. BLS Food CPI
Correlation = .989

2007m1 2008m?7 2010m1 2011m7

month

‘ — — — Kilts (Lower Laspeyres, Upper Tornqvist) BLS Food Inflat(on

Note: inflation is calculated on a year-on-year basis.

Figure 1: Comparison Kilts Data and BLS

Rough Comparison with BLS Data



2.2 Unemployment Benefit Duration Data

For our empirical analysis we have data available from 2006-2011. To identify the role of
unemployment benefit extensions on labor market outcomes, we focus our analysis on a
sample of county pairs that are in different states and share a border.* There are 1,107 such
pairs for which we have complete data.

Data on unemployment benefit durations in each state is based on trigger reports provided
by the Department of Labor. These reports contain detailed information for each of the states
regarding the eligibility and adoption of the two unemployment insurance programs over our
primary sample period: Extended Benefits program (EB) and Emergency Unemployment
Compensation (EUC08).?

The EB program allows for 13 or 20 weeks of extra benefits in states with elevated
unemployment rates. The EB program is a joint state and federal program. The federal
government pays for half of the cost, and determines a set of "triggers" related to the insured
and total unemployment state rates that the states can adopt to qualify for extended benefits.
At the onset of the recession, many states chose to opt out of the program or only adopt high
triggers. The American Recovery and Reinvestment Act of 2009 turned this into a federally
funded program (with 100% Federal funding currently scheduled to expire on December 31,
2013). Following this, many states joined the program and several states adopted lower
triggers to qualify for the program.

The EUCOS8 program enacted in June 2008, on the other hand, has been a federal program
since its onset. The program started by allowing for an extra 13 weeks of benefits to all
states and was gradually expanded to have 4 tiers, providing potentially 53 weeks of federally
financed additional benefits. The availability of each tier is dependent on state unemployment
rates. The trigger reports contain the specifics of when each state was eligible and activated
the EB program and different tiers of the EUCO08 program. We have constructed the data
through December 2012.

There is a substantial heterogeneity in the actual unemployment benefit durations across
time and across the U.S. states. Appendix Figure A-2 presents some snapshots that illustrate
the extent of this variation. Among 1,107 border county pairs used in our analysis, 1,079
have different benefits for at least one quarter. The median county pair has different benefit

durations for 11 quarters during 2008-2012. The difference in available benefit duration

4Data on county pairs are provided by Arindrajit Dube and were used in Dube, Lester, and Reich (2010).
5See http://ows.doleta.gov /unemploy /trigger/ for trigger reports on the EB program and
http://ows.doleta.gov/unemploy/euc trigger/ for reports on the EUCO08 program.
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within a county-pair ranges from 0 to 17 quarters.

Describe transfer data at state level...

Some of the data series used in the analysis are available at a monthly frequency while
others are quarterly. Therefore, we aggregate all monthly data to obtain quarterly frequency.

Logs are taken after aggregation.

3 Ul Benefit Durations, Demand, and Inflation

In this Section we document how the inflation rate and consumer spending respond to fiscal
policy. The fiscal policy measure, we use, is an increase in the duration of UI benefits. Since
UI benefits are a state policy, we have substantial variation of UI benefit duration not only
over time within a state but also across states. A key feature of the U.S. unemployment
insurance system is that unemployment insurance policies are determined at the state level
and apply to all locations within a state. Our empirical strategy exploits this policy disconti-
nuity at state borders to measure the effects of an increase in Ul benefit duration on inflation
and spending. One cannot, however, infer the effects of benefit extensions by simply relating
benefit duration to inflation or spending in a panel of states because of a potential policy
endogeneity: it might be the states that have a large increase in unemployment, then not
only experience an increase in benefit eligibility but also a decrease in spending or inflation.
Thus it might be that some negative shock drives unemployment up, benefit duration up,
and inflation and spending down leading to a biased estimate of duration on inflation and
spending. In Hagedorn, Karahan, Mitman, and Manovskii (2013) we show, building on work
of Holmes (1998) and Dube, Lester, and Reich (2010), that the endogeneity problem can
be overcome by comparing the evolution of unemployment, inflation or spending in counties
that border each other but belong to different states. We apply this identification strategy
here as well and measure the differential response of inflation and spending of neighboring
counties which belong to different states to changes in benefit duration.

Using benefit duration as a measure of fiscal policy to measure the effects on inflation
and spending makes it necessary to document several facts. First, we show that increasing
the duration of benefits leads to an increase in transfers from the federal government to the
state, where benefits increase. Since these transfers are paid by the federal government and
therefore state taxes do not change, an increase in benefits means that the unemployed who
receive benefit payments from this state have more resources to spend.

For how long an unemployed receives benefits depends on the state where he worked
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last, not where he lives. We therefore document next that the majority of workers receive
benefits from the state where they live, that is their last job was in the same state as where
they resided (work home bias). Together with the first fact, this implies that an increase in
benefit duration increases the purchasing power of the residents of the same state.

Finally, we document that spending is concentrated in the state/county of residence
(home bias in spending), implying that the increase in benefit duration leads to an increase

in demand in the counties of this state.b

3.1 Benefits and Transfers

All payments outside the regular Ul system were financed by the federal government and
thus lead to transfers 7}’ to state s in every month ¢. The following regression summarizes

the dynamic response of total (extended) UI Transfers at different lags.
Alog (T} i) = prAlog(b;) + €,

where ¢, is the effect of a change in benefits between months ¢t and ¢ — 1 on the change
in transfers between months ¢t + k and ¢t + k — 1 for k = 0,1,...,15, that is Alog(T},,) =
log (T} k) — log(T¢,y,—y) and Alog(b;) = b — b;_;.

The result in Figure 2 show that in the month in which the duration is extended, transfers
change significantly. After that period changes are insignificant. This finding reflects the fact
that benefits are paid retroactively, meaning that if benefits are extended for example from
39 to 53 weeks then those who have been unemployed for longer than 39 weeks at the time
of extension all receive their UI checks. We obtain the same results when we use transfer
per unemployed instead of transfers as shown in Figure 3.

We also explore the consequences of extending benefits on the accumulated change in

transfers, Aylog(17) = log(Ty,;,) — log(T}_,), that is we implement the regression
Aplog(1y) = ppAlog(by) + €54,

where Figure 4 shows ¢ for £k =1,...,12.

6To see that this is important consider the counterfactual case where households located in some county i
spend half of their income in county ¢ and the other half in the neighboring county j of a different state. As
a result if benefit duration increases for county ¢ but not for county j, we would see an increase in demand
for both counties of the same magnitude, that is the difference in demand would not change and we would
not expect to see a different response of inflation or spending in the two counties. However, this is not the
case. The home bias in spending means that demand increases more in county ¢ than in county j and we
can use this to measure the impact on inflation.
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Figure 2: Benefit extensions and Change of Transfers
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Figure 3: Benefit extensions and Change of Transfers per Unemployed

We again find the immediate spike in transfers which flattens out after about nine months.
From this we conclude that extending the duration of benefits is an increase in transfers from
the federal level to the state which is concentrated in the period when the duration increases.

As explained above, to be able to measure how this increase in transfers transforms into
spending and how it affects inflation we have verify that two home biases, the work home bias
and home bias in spending. This is indeed what we find in the data. Detailed calculations
will be provided in the next draft, but overview of the results is as follows.

First the amount of benefits paid depend on the location of the (last) job and not on
where the unemployed lives. Because of this institutional feature we measure how many of
those located in county ¢ also work in the same state. We find that this applies to vast
majority of all employed. As a result, transfers paid according to the rules of state s accrue

predominantly to unemployed located in state ¢ and not to counties in the neighboring states.
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Figure 4: Benefit extensions and Change of Transfers Accumulated

We have therefore have a work home bias.

We also find a home bias in spending. Using Nielsen Consumer Panel Data we find that
retail spending of residents of county ¢ is very heavily concentrated on the stores located in
county ¢ with very little retail spending occurring in counties in neighboring states. We can
therefore find that increasing benefits in state s not only increases transfers to those living in
counties of state s but the transfer recipients also concentrate their spending on their home
county. We thus conclude that increasing benefits are a demand stimulus.

Using the same data we also find that households do not systematically change their
shopping behavior in response to changes in unemployment benefits. For example, house-
holds do not switch to states with less generous benefits to take advantage of lower prices.
Thus, we confirm that shopping search behavior does not vary systematically with changes
in benefits, validating our use of a simple and transparent specification that ignores shopping

decisions.

3.2 Demand Stimulus

In the previous section we documented that an increase in the duration of benefits leads to
an increase in transfers from the federal level to the state. In this section we show that this
increase also stimulates demand. A simple back of the envelope calculation already shows
that this stimulus is quantitatively significant.

In 2011 extended benefits increased average personal income by 1.5%.

On average an US individual spends about 6% of income on food at home (retail), but

the average unemployed spends about 20 — 30% of income on food at home (retail).
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Therefore the total percentage increase in spending on food due to transfer 7"

0.3T _ 03 T USPers.Income
Retail Spending ~  USPersonalIncome Retail Spending
1
= 0. 015 % ——
0.3 % 0.015 006
= 0.075

To investigate the effect of benefit extension on sales in county i at time ¢, Qi, we use

the following regression:

log(QiM) = ¢y, log(b}) + Xk 10g(“i+k) + Ei+ka (11)

To control for aggregate demand we add the county unemployment rate, log(ul), to the
regression.

We difference between border counties within a pair p when implementing this regression
in the data so that we regress the difference in sales on the difference in benefits between

the two counties:

Ap log(Qi1k) = SOkAp log(b¢) + XkAp 10g(ut+k) + v, + o + Apft—ka (12)

where A, is the difference between counties i, j, within a pair p, for example A, log(Q 1) =
log(Q:,) — log(Q?, ) is the difference in (log) sales in period ¢ + k between counties i and
j- The regression includes county-pair fixed effects 1, (for each pair p) and time effects ¢;.
The regression yields coefficients ¢y for £ = 0,1,...,12. These coefficients give the
change of sales k quarters ahead in response to an increase in today’s benefit duration.
To measure potential anticipatory effects, we also estimate a mirrored response function,
where we regress the change in sales between period t and ¢t — k — 1 on a change in benefits

in period ¢. For country ¢ we implement:

A, log(Qi—k) = w_rAplog(by) + xkAplog(ui—k) + ¥ + 6 + Aper_i, (13)

where A, log(Q,_1) = log(Qi_,) —log(Q7_,) is the difference in (log) sales in period t — k
between counties ¢ and j. This yields coefficients ¢_; for £ = 1,...,8. Figure 5 shows
the coefficients ¢y for k = —8,...,0,...,12 we obtain for both the actual and the mirrored
response function of sales.

We find no response of sales before benefit duration increased. After the increase has

realized, sales respond in hump-shaped way with a peak response between 7 and 8 percent.
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Figure 5: Lagged and Lead Response of Sales

An estimate of 7 percent yields for two counties with a duration of UI benefits of 50 and 70
weeks respectively a difference in sales of 2.4%), keeping the unemployment rate unchanged.
As the unemployment rate increases in response to an increase in Ul duration, the total
observed effect - the sum of the direct positive effect of the increase in transfers and the
negative effect of a higher unemployment rate - would be smaller than 2.4%. How much
smaller depends on the increase in the unemployment rate, which is investigated in a large
and active literature (see for example Hagedorn, Karahan, Mitman, and Manovskii (2013))

but not in this paper.

3.3 Inflation

Having established that increases in benefit duration means an increase in a state’s purchas-
ing power and that this leads to increase in demand, we now measure the dynamic effect on
inflation. To this aim, define the change in the price between the current period (period 0)

and the future period k, as
k
M= (14)
t=0

where 7} is period ¢ inflation rate in county 7, that is the log price change between period
t — 1 and t in this county.
Then, differencing between border counties within a pair p and adding pair-fixed effects

1, and time effects 9, yields:

Aka = )\kA log<bp,t) + ¢p + 6t + A‘Ep,ta (15)
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Figure 6: Benefit Effects on Inflation, Leads and Lags

where A, is again the difference operator over counties in the same pair. More specifically,
if counties i and j are in the same border-county pair p, then AT, = II% — Hi.

Again, to measure potential anticipatory effects, we also estimate a mirrored response
function, where we regress the difference lagged prices on current benefits after differencing

between border counties within a pair p:

ATy = A Alog(bys) + Uy + 0 + Aeyy, (16)

where AIT_; = ', — TI7,. This yields coefficients A_ for k = 1,...,4. Figure 5 shows
the coefficients ¢, for k = —4,...,0,...,8 we obtain for both the actual and the mirrored
response function of inflation. We find no response of prices before benefit duration increased
and a hump-shaped response afterwards with a peak response of about 1.2%.

This finding implies that an increase in the duration of benefits from 50 to 70 weeks leads
to a 0.4% peak price difference, an increase from 26 to 99 weeks would lead to a 1.7% price
increase.

Our findings also for the response of local prices also imply that the shopping behavior
does not adjust to the change in benefits as one would expect if the considered pair of counties
was a frictionless perfectly integrated market. Indeed, we find that a change in benefits does
not lead to a change in shopping behavior to take advantage of relative price differentials
until these are equalized as the Law of one Price would suggest in a world without mobility
costs. Instead we find that the relative price increases. The message that prices respond to
local labor market conditions is also broadly consistent with the findings based on the same

dataset in Beraja, Hurst, and Ospina (2015).
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4 The New Keynesian Model

In the previous Section we have documented that prices increase in response to an expan-
sionary fiscal policy. This reduced form evidence is consistent with the channel which renders
fiscal policy effective. Inflation rises if government spending or transfers are increases and a
result real interest rate fall stimulating private consumption expenditures. The argument is
however not complete as it only shows the positive price response at the local level whereas
one has to know what happens at the aggregate level. To translate the disaggregated results
to the aggregate level a model is needed. In this Section we consider the New Keynesian
Model with Calvo pricing and in the next section we consider the Sticky Information Model.
In these models an expansionary fiscal policy raises firms’ marginal costs which induces firms
to increase prices. For the model to be useful for a policy analysis at the aggregate level, it
has to be consistent with the evidence at the disaggregated level.

We therefore view the data in this section through the lens of the New Keynesian model
which is the standard framework to study monetary and fiscal policy. We start with a
description of the Calvo pricing and how we use this theoretical restriction when we derive

an empirical specification.

4.1 Theory

The theoretical framework we use considers each county as a small open economy in the
currency union (U.S.). As a result all counties share a common U.S.-wide monetary policy.
We assume a home bias in spending at the county level which we have already established in
the data in the previous section. The final consumption good combines local goods/services
and imported goods from the rest of the US. No further assumptions on trade or financial
markets are made. In terms of firms’ price setting we consider Calvo Pricing here and sticky
information pricing in the next section.

We now first derive the implications of Calvo pricing and then establish how transfers

affect inflation and marginal costs within the model.

4.1.1 Theory: New Keynesian Calvo Pricing

To estimate the macroeconomic effects of unemployment insurance on inflation, we look at
firms’ pricing decisions in a standard New Keynesian Model with Calvo pricing. In such
a model a firm in a county which we call “home” sets (with probability (1 — 6)) the price

to maximize expected discounted profits. Linearizing this dynamic forward-looking problem
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around the steady state (and some simple algebra) yields that Home inflation 7 can be

expressed as the discounted sum of deviations of marginal costs from it steady state value:

oo
=AY BFE(mefy), (17)
k=0
where the period ¢ deviation of marginal costs (expressed in terms of Home prices) from its
steady value is denoted MCf , F, is the expectation operator using information available at
time ¢, ( is the discount factor and A is a parameter which depends on fundamentals such as
0, the markup, the degree of decreasing returns to labor and 8 (see for example Woodford
(2003)). This equation is the result of imperfect competition which by itself would lead
prices to be set at a markup over marginal cost in a world with flexible prices. With sticky
prices a la Calvo, firms can adjust the price every period only with probability 1 —60 < 1. As
a result they cannot set the price to its optimal level every period but instead the price is
set at an average markup where the average is computed until the expected next time when
the firm is able to change its price.

Using the fact that next period’s inflation can be written as

Wgrl = A Z 5kEt+1(mcfH+k) (18)
k=0

and the law of iterated expectations yields a Bellman equation for inflation
= Al + BETE (19)
or equivalently for an expectational error 7,
= Amefl + B+ ni. (20)
This allows us to relate inflation to marginal costs. More precisely, the quasi-differenced
inflation rate is proportional to the deviation of marginal costs from steady state:

il =af - prfl = el + . (21)

This relationship between a firm’s marginal cost and the quasi-differenced inflation rate is
the same as in a standard Calvo pricing model in a closed economy. The only difference
is that the marginal costs in the Home county in an open economy are expressed in terms
of domestic prices, so that the closed economy marginal costs and the open economy local
marginal costs differ by p¢F? — pf| the difference of the CPI p¢*! and the PPI p.
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If markets are complete - the maintained assumption in Gali and Monacelli (2005) - then
the marginal cost gap is equal to the output gap as it is in the closed economy case. The
reason for this is the Backus Smith condition for complete insurance which tightly links
home consumption/output, world consumption/output and real exchange rates such that
movements in the terms of trade lead to insurance from the rest of the world.

But equation (21) is valid independent from the financial structure since it just describes
firms’ optimal price setting, that is, it holds both for complete and incomplete markets
(Farhi and Werning (2013)). However, the marginal cost gap is not equal to the output gap
if markets are incomplete as there are no insurance transfer in response to changes in the
terms of trade. As a result changes in the terms of trade have different effects on Home
marginal costs mc and the output gap.

For our analysis however the question how to relate marginal costs to observables (output
gap, labor share, ..) does not arise. Instead we use the theory which implies that the quasi-
differenced inflation rate is equal to marginal costs. This not only avoids the notoriously
difficult task to measure the output gap in the data which would be proportional to the
marginal cost gap if markets were complete. In also avoids the additional difficulties, due
to the incompleteness of markets, to measure the effects of movements in the terms of trade
on marginal costs. Instead our measure of the marginal cost gap is conditional on the
New Keynesian theory and therefore equals (1/A\)7f. As a result all our conclusions are
conditional on this theory as long as we impose this model implication to measure marginal
costs.

This implication however extends beyond the conventional time-dependent Calvo formu-
lation. The same relationship between quasi-differenced inflation and marginal costs - the
Phillips curve - also holds in the Gertler and Leahy (2008) model with state-dependent pric-
ing.” The interpretation of the coefficient multiplying marginal costs is different, however.
In particular, it does not depend on the probability to change the price as with Calvo pricing
(as there is no such thing with state-dependent pricing) but instead it depends on the arrival
rate of idiosyncratic shocks. This is however not relevant for our analysis so that our findings
are not restricted to the popular time-dependent pricing but also apply to state-dependent
pricing. These arguments, however do not extend to the sticky information model of Mankiw

and Reis (2002). We get back to this model and its empirical implications in Section 5.

"Gertler and Leahy (2008) develop an analytically tractable Phillips curve based on state-dependent
pricing. They consider a local approximation around a zero inflation steady state and introduce infrequent
idiosyncratic shocks. The resulting Phillips curve is a simple variant of the conventional time-dependent
Calvo formulation.
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4.1.2 Theory: Effects of Transfers

The effect of government spending, e.g. an increase in transfers through more generous un-
employment insurance, on inflation is now easy to understand. As the literature has pointed
out (e.g. Farhi and Werning (2013) for an explicit solution with complete and incomplete

markets), government spending increases marginal costs and thus promotes inflation, i.e.

N
me, = plog(by) + Zy]j log(z)), (22)
k=1

where zF is a shock such as productivity or demand which affects inflation, b; is weeks of

unemployment insurance entitlement, and +* and p are unknown coefficients.

As in shown in Farhi and Werning (2013), New Keynesian theory implies that the coeffi-
cient pu is positive, that is an increase in government transfers to the Home county (here an
increase in b paid for by the federal government) increases marginal costs, which then leads
to an increase in the inflation rate. In an open economy with fixed exchange rates (such as
the U.S. being the union of all its counties) this increase is due to two effects, a standard
Keyensian expansion effect and a neoclassical wealth effect. As in a closed economy, trans-
fers stimulate nominal demand for home goods and sticky prices imply then that output and
marginal costs increase. In a an open economy with fixed exchange rates, a second effect
kicks in as transfers lead to a gradual appreciation of the terms of trade, implying a positive
neoclassical wealth effect, which raises wages and thus marginal costs.

The findings of Farhi and Werning (2013) imply for the Home inflation rate that

N

af = Aulog(b) + Y _~Flog(z))) +m (23)
k=1
N

= Aplog(by) + A +¥log(f) + mi. (24)
k=1

Now, denote by p the border-county pair. Then, differencing between border counties within
a pair yields:
Aﬁ-ﬁt = )\/LAbp’t + A€p7t, (25)

where A the difference operator over counties in the same pair. More specifically, if counties

H ﬁ'H

. . . . ~H o~
i and j are in the same border-county pair p, then A7, =7 ot

it with a slight abuse

8These two effects have however opposite effects on consumption of home goods as the Keynesian demand
expansion stimulates demand and thus output whereas the neoclassical wealth effect decreases labor supply
and depresses output. The Keynesian effect dominates in the short-run whereas the neoclassical effect
dominates in the long-run.
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of notation, Ab,; = log(b,;:) —log(b, ;) and Ae,; is the difference in shocks and in 1 across
counties.

The above equation relates transfers b to PPI inflation 7/ whereas in the date we measure
CPI inflation 7¢77. CPI inflation is a combination of local marginal costs and goods imported
by the county (Burstein, Eichenbaum, and Rebelo (2005)). Local marginal costs include
distribution costs such as wholesale and retail services, marketing and advertising, and local
transportation services. Local goods are goods which are produced solely for the domestic
market.

To build on these insights we denote as in Gali and Monacelli (2005) by « the weight on

foreign goods so that 1 — « is the weight on domestic goods. CPI inflation then equals

7Pl = (1 - a)rf + anl, (26)
where /" is the inflation rate of Foreign imported goods. Taking differences over counties
in the same pair eliminates the inflation for imported goods so that we obtain the identical

equation for CPI inflation that we obtained for PPI inflation:
AFEPT = (1 — @) (Aulby, + Aeyy) = XAb,, + Aéy. (27)

Equation (27) can be estimated in the data to recover the coefficient of interest y. When
constructing the quasi-differences at the quarterly frequency, we set 3 = 0.99. The parameter
X is the change in percentage point of inflation in response to a percent increase, just for one
period, in the number of claimants.

Equation (25), which will form the basis of our empirical strategy, is just the New Key-
nesian Phillips curve which relates the quasi-differenced inflation rate to marginal costs.
Because of the forward-looking nature of price setting, a drop in inflation next period is due
to a change in future marginal costs and not due to a change in today’s marginal costs. Of
course the change in say next quarter’s marginal costs affects both this period’s and next
period’s inflation but leaves the quasi-differenced inflation rate unaffected if today’s marginal
costs do not change. The quasi-difference changes only if today’s marginal costs change due
to a change in demand today. Changes in demand next period only affect next period’s
marginal costs but not today’s marginal costs and therefore the quasi-differenced inflation
rate is unchanged. Not taking into account (potentially different) expectations in the two
counties say by just considering the difference in inflation, leads to an estimate which is a
convolution of our estimate and expectations. And is impossible to interpret within the New

Keynesian theory.
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4.2 New Keynesian Model: Baseline Empirical Results

Table 2 contains the results of the estimation of the effect of unemployment benefit duration
on marginal costs (quasi-differenced inflation) using the baseline specification in Equation
(25). We find that changes in unemployment benefit duration have a very small and statis-
tically highly insignificant short-run effect on inflation: a 1% rise in benefit duration for one
quarter increases the inflation rate by 0.0004 percentage points.

Estimated equation:

Aﬁp,t = ’}/Abp’t + d}p + gt + Ayp’t.

Table 2: Unemployment Benefit Extensions and Inflation

VARIABLES Marginal Costs (QD-Inflation)
Weeks of Benefits 0.0004

(0.0010)
Observations 16790
R-squared 0.0032

Note - Standard errors in parentheses

It is important to keep in mind that this finding is based on the difference across pairs
of border counties. Thus, the effects of various other shocks or policies that affect these
counties symmetrically are differenced out. In particular monetary policy is the same for all
counties and thus cancels out.

The point estimate of 0.0004 is statistically very insignificant. It is also economically
virtually zero. The point estimate implies that increasing benefits from 26 weeks to 99

weeks increases inflation by
0.0004(log(99) — log(26)) = 0.0005, (28)

that is by 0.05 percentage points. An increase from 50 weeks to 70 weeks would increase
inflation by 0.0004(log(70) — log(50)) = 0.0001, that is by 0.01 percentage points.® Looking
at two standard deviations does not change this conclusion. Using an estimate of 2x0.0010 =
0.002 yields

0.002(log(99) — log(26)) = 0.0027, (29)

9The conclusion does not change if one considers the 2-quarter ahead forecast, 0.0014. In this case
inflation increases by 0.0004(log(99) — log(26)) = 0.0019, that is 0.19 percentage point increase.
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that is an increase by 0.27 percentage points.

Furthermore the effect of an increase in benefits today on future marginal costs is even
negative (insignificantly) at most leads. Applying the same simple calculation would yield a
decrease of marginal costs of the same small magnitude.

Lagged Response

Estimate: A7y 1k = YAby + 1y + & + Avyy

VARIABLES Marginal Costs (QD-Inflation)
Weeks of Benefits 0.0004
(0.0013)
Weeks of Benefits (Lag 1) -0.0015
(0.0013)
Weeks of Benefits (Lag 2) -.0004
(0.0014)
Weeks of Benefits (Lag 3) -0.0016
(0.0014)
Weeks of Benefits (Lag 4) -0.0003
(0.0015)

Standard errors in parentheses.

We conclude that the effect on inflation is zero conditional on using the New Keynesian
model. This finding is also not the result of a lack of power. We have established in Section
xx that raising benefits has (significant) effects on inflation. In addition we provide in Section
4.3 direct evidence that the regression with the quasi-differenced inflation rate in the LHS

has indeed power.

4.3 Testing the Identifying Assumption

Key Identifying Assumption Empirical Specification:

Aﬁ-p,t - ’)/Abp,t + 77Z}p + gt + AVp,t

o Identifying assumption is that Av,, is uncorrelated with Ab,,

e Ay, contains unobserved county-specific factors such as demand and productivity
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o Benefits are a function of state-level factors, e.g. the state unemployment rate w,,

which requires:

Corr(Avy,y, Au,) = 0,

e Our assumption does not require counties to be identical, but that they differ only in

terms of county-specific factors

Testing for Endogeneity

e Decompose the error term as

Avyy = pAuy, + Ay,

e Rewrite the empirical specification as
Aﬁp,t = fyAbp,t + 1/};) + ft + /’LAU/}? + Aﬂ%t

for a (possibly) nonzero coefficient

o If we do not control for Au, and p # 0 then v will be biased

o If state related factors cancel when we difference, we should find 4 = 0 in the above

specification

Testing for Endogeneity

VARIABLES Marginal Costs Marginal Costs
Weeks of 0.0004 0.0002
Benefits (0.0013) (0.001)
State 0.0011
Unemployment (0.001)
Number of Factors 0 0
Observations 16080 16080
R-squared 0.0013 0.00

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Identification

STATEA

o----@

Scrambled Counties

STATEB

26

STATEC




STATEC STATEB STATE A

0@ - o0----©

Scrambled Border Counties

e Form "scrambled pairs" by randomly assigning border counties to create a new dataset

These counties are not expected to have similar labor markets

C’orr(AVit, Auy,) # 0,

This specification should yield a biased ~y since Ay]it is correlated with Ab,, ;.

Controlling for Au, should yield a negative value for u

Scrambled Border County Sample

27



VARIABLES Marginal Costs Marginal Costs

Weeks of -0.003%** -0.0024***
Benefits (0.0013) (0.001)
State -0.0028%**
Unemployment (0.001)
Observations 16080 16080
R-squared 0.001 0.005

Standard errors in parentheses

4.4 New Keynesian Model: Robustness

In section we analyze the effects of benefits on marginal costs and the robustness of our

results to price indexation and different discounting of future marginal costs.

4.4.1 Price indexation and Trend Inflation

The textbook forward-looking new Keynesian model used in Section 4 fails to account for
inflation persistence. As a response the literature has allowed for some form of price in-
dexation, which adds a backward looking element to the determination of current inflation
(Woodford (2003), Christiano, Eichenbaum, and Evans (2005)). In this Section we show that
our results are unchanged add price indexation to the model or allow for trend inflation.
With price indexation, firms that cannot re-optimize price in some period choose to
automatically index their price to some overall price index. The motivation is that a rule,
if simple enough, saves managerial costs, so that such a rule of thumb is used between
times when the prices are re-optimized. With (partial) indexation of degree «y to a reference

inflation rate 7' the optimal pricing results in the following equation:
T — Yy = Miney + B(ma — i) + 0y, (30)
so that we obtain the quasi-differenced equation
) = (m — ) — B(mes — ym)t) = Aniicy + 1. (31)

It would be in the spirit of the underlying assumption that monitoring of current and local
conditions is too costly to be worthwhile that firms decide to index to some readily available

(lagged) inflation rate, such as the US CPI. Whenever costs induce firms do so or at least if
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Table 3: Unemployment Benefits on Inflation: Price Indexation

Indexation 1 2 .3 4 )
Weeks of -0.000599 -0.000672 -0.000744 -0.000817 -0.000889
Benefits (0.00197)  (0.00208)  (0.00220)  (0.00233)  (0.00247)
Observations 15,247 15,247 15,247 15,247 15,247
Number of Pairs 729 729 729 729 729
Indexation .6 7 .8 .9 1
Weeks of -0.000962 -0.00103  -0.00111  -0.00118 -0.00125
Benefits (0.00261)  (0.00276)  (0.00292)  (0.00307)  (0.00323)
Observations 15,247 15,247 15,247 15,247 15,247
Number of Pairs 729 729 729 729 729

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
Note - Results from the regression of (m, —ym_1) — f(mp1 — ym) = xAby: + .. ., where the
degree of price indexation 7 takes values {0.1,0.2,...,0.9,1}.

firms from counties in a pair index to the same price index, this indexation drops out when
taking differences between counties.

Only in the (unlikely) case that firms index to a local price index, taking differences does
not cancel the indexation terms since the PPI is potentially different in the two counties.
Again, we say unlikely because collecting the information to index to the local price index
seems similar to the information necessary to set an optimal price which is assumed to be
too costly.

If firms index to the local inflation rate, the quasi-differenced inflation rate is defined as

7 = (T — ym1) = BT — yme), (32)

where the lagged county specific inflation terms do not drop out. Since we have no good
information about v and estimated DSGE models give numbers all over the place, we redo
the benchmark for various values of . The degree of indexation v used to define the quasi-
differenced inflation rate takes values in {0.1, ..., 1}.Table 3 shows the results. We find that

the effect of benefits on inflation is virtually zero for all degrees of indexation.
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This conclusion about inflation also does not change if trend inflation 7; is not zero,
but now applies to the inflation gap 7, = m — 7, instead of to the inflation rate. Indeed,
as in Cogley and Sbordone (2008) and in Mavroeidis, Plagborg-Moller, and Stock (2014),
if nonresetting firms’ prices are indexed to a mixture of past inflation with weight p and

current trend inflation with weight 1 — p, then
7ty = Y Bt + Wwie-1 + Amcy + 1 (BE AT — ATY), (33)

where vy = /(14 8p) and v, = p/(1+ Sp). The last term allows for changes in the inflation
target, that means, since the inflation target is determined by the long run target of the
central bank, changes in the target inflation rate. Collecting terms in the above equation
yields an equation that differs from the standard Phillips curve (with indexation) by a term

which depends on trend inflation only:
T = VBT + wmon + A + (T — v B — w1 + w(BE AT — ATy),  (34)
and after some simple manipulations is equivalent to

Tt — P11 = Ame; + BE(m — pry) + (1 + Bp){(Te — VBT — WTi—1) + W(BE AT — ATy) },(35)

J N

Phillips curve with indexation p Due to Trend Inflation

Since our empirical methodology involves taking differences across counties within a pair, the
latter term drops out and we end up with the same specification for trend inflation as for the
standard model with price indexation of degree p € [0,1]. As the result of no inflationary
effects holds for all degrees of price indexation ranging from 0 to 1, the same conclusion
applies to the model with trend inflation: Government transfers paid by foreigners have no

effect on marginal costs and inflation using the New Keynesian model.

4.4.2 Discounting of Marginal Costs

In the textbook New Keynesian model future marginal costs and thus future inflation are
discounted at rate 3, which we also assume in our benchmark specification. In this section we
explore the sensitivity of our results to this assumption. Specifically, we redo the benchmark
analysis with quarterly discount rate ranging between 0.9 and 1, that is the quasi-differenced
inflation rate is defined as

T = T — Bﬂt+17 (36)

where the discount factor B takes values in {0.9,0.91,...,0.99, 1} including the benchmark
value 0.99. Table 4 shows the results.
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Table 4: Unemployment Benefits on Inflation: Price Indexation

(1) (2) (3) (4) (5) (6)

DISCOUNT FACTOR .9 91 .92 .93 .94 .95

Weeks of -0.000174 -0.000156 -0.000139 -0.000122 -0.000104 -8.69e-05

Benefits (0.00175)  (0.00176)  (0.00177)  (0.00178)  (0.00179)  (0.00180)

Observations 15,982 15,982 15,982 15,982 15,982 15,982

Number of Pairs 729 729 729 729 729 729
(7) (8) (9) (10) (11)

DISCOUNT FACTOR .96 .97 .98 .99 1

Weeks of -6.96e-05 -5.22e-05 -3.48e-05 -1.75e-05 -1.05e-07

Benefits (0.00181)  (0.00182)  (0.00183)  (0.00183)  (0.00184)

Observations 15,982 15,982 15,982 15,982 15,982

Number of Pairs 729 729 729 729 729

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Note - Results from the regression of 7, — B'f(—t+1 = xAb, + ..., where the discount factor B
takes values {0.9,0.91,...,0.99,1}.

We find that the effect of benefits on inflation is virtually zero for all discount factors.
This establishes that our findings are not only robust to mismeasurement of the discount
factor but also to model variation which may lead to different effective discounting by firms.
For example, with endogenous investment, Woodford (2003) shows that quasi-differenced
inflation is still proportional to marginal costs (correct: deviation from its steady state value).
The discount factor is not necessarily exactly equal to S but close to it at shorter frequencies.
The reason that future marginal costs are discounted heavier in the presence of endogenous
investment is that firms do not have to increase prices now if marginal costs increase in say five
years but instead can invest into physical capital in the meantime. In Woodford’s calibration
increases in marginal costs within the next 3 years increase inflation today. This of course
depends on his choice of capital adjustment costs. Obviously, with infinite capital adjustment
costs the model is equivalent to a model with exogenous investment and discounting at the
time preference rate. For our purposes the conclusion is that a monthly or quarterly frequency

discounting at rate of time preference is reasonable as firms can hardly adjust their capital
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stock. But even if in a parametrization substantially different from Woodford’s one this is

not the case, Table 4 shows the robustness of our results to a wide range of values.

5 The Mankiw and Reis (2002) Sticky Information Model

An alternative theory to the standard New Keynesian Phillips Curve was proposed by
Mankiw and Reis (2002). In this theory, prices adjust slowly since information dissemi-
nates slowly and processing information takes time. In this Section we use this theory to
measure the effect of government transfers on inflation.

In each period, a fraction 6 of firms obtains new information. Whereas firms in the New
Keynesian model are able to adjust the price only with some probability, in this model firms
can adjust prices any time but based on potentially old information. Mankiw and Reis (2002)
show that the inflation rate m/7 satisfies:

i = —mct —1—92 (1 — 0V E,_j(zl + xAmclh), (37)
where E,_; denotes expectations based on period ¢ —j information and Anic}’ = mic —micl”
is the change in marginal costs. Although firms are forward-looking, the inflation rate in this
model has a backward-looking element built in as past expectations of current conditions
matter.

Consider now an unexpected increase in transfer in period 0 and firms start obtaining
this information at rate 6. As a result all previous expectations for period —1,—2,... are
zero, E_;(mll + AAnic') = 0 for all k = 0,1,... and j = 1,2,... and information obtained
after period 0 is correct, Ey(rf + MAnmc!") = 7l + MAmc!' for 0 < s < t. We can therefore

solve for marginal costs in terms of inflation:

A 1 (1 _ e)t—l—l t

H H

me = 17 e E iy (38)
k=0

It is easy to verify this result by plugging it into equation (37).

Obviously, marginal costs depends on the parameter 6, the speed at which information
disseminates. Before we try to explore which values of 6 are suggested by the data, we
compute the response of ZZ:O 7H to an increase in the duration of benefits b. Figure 7
shows the response, which is positive for all lags £k = 0,...6 and becomes significant for
k> 2.

The next step is to compute the implications for marginal costs, assuming different values
of 6 =0.25,0.5,0.6,0.75 and A = 0.02, which are shown in Figure 8.
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Theory provides now also informs us about the value of #. Since the inflation rate
increases at all lags, the real interest rate drops, implying a falling profile for marginal costs.
As we can see from Figure 8, for = 0.25 (the preferred value of Mankiw and Reis (2002))
as well as for # = 0.4,0.5 this is not the case. Marginal costs are not monotonically falling
if § < 0.54 and are monotonically decreasing only for 6 > 0.54.

Another possibility why we observe a delayed response of marginal costs and inflation
is that the increase in b refers to the point in time when the unemployed got entitled to
extended benefits not when they actually receive those benefits. The difference arises since
for example those unemployed less than 26 weeks when entitlements are increased do not
benefit immediately as those benefits are paid paid only after an regular benefits have expired.
More generally demand effectively increases only with a lag when the extension of benefits
actually increases money to spend. If this lag is T" quarters but firms start learning at period,

marginal cost equal

me’ = 0 fort=0...T—1 (39)
11—

~H H

e Xw;ﬂ:% fort 2T (40)

For a lag of one quarter we obtain Figure 7?7, with the same conclusion as above with a
slightly higher value of # > 0.58 for which marginal cost are increasing.

The potential concern that sticky-information expectations can be confused for adaptive
expectations in the data is strongly rejected in the data. Sticky-information expectations

are significantly influenced by fiscal policy.

5.1 Discussion

So far we have established that stimulus policy has no effect on the quasi-differenced inflation

rate. In the New Keynesian model the quasi-differenced inflation rate is equal to marginal
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Figure 8: Lagged Response of Marginal costs, 100mcy for 6 = 0.25,0.5,0.6,0.75.

costs or more precisely the deviation of marginal costs from its steady state value. One
conclusion from our analysis could be that stimulus policy has no effect on marginal costs.
Or relatedly, that the specific policy of extending unemployment insurance benefit duration
has no effect on marginal costs. The other conclusion could be that the firms’ pricing
is different from the pricing mechanism of the New Keynesian model. In this section we
explore this question.

In this case however the New Keynesian Phillips curve is misspecified as its derivation
from firms’ optimal pricing decisions requires # > 0.1° This conclusion is based on the New
Keynesian Phillips curve being correctly specified, so the only alternative is that it is not
correctly specified. For stimulative policy to be effective, a different mechanism from the
one at the foundation of the standard New Keynesian theory must be operative.

Sticky Prices vs. Sticky Information

10See for example the derivation in Woodford (2003) which requires a division by 6.
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6 Conclusion

The relationship between government spending, marginal costs and inflation is at the core
of New Keynesian theories of price setting. In particular, the impact of a demand stimulus
on marginal costs and inflation determines the size of the fiscal multiplier. Yet, despite the
fundamental importance of this relationship to theory, documenting it in the data has proved
elusive.

This paper is the first to provide a direct measurement of this relationship. We estimate
the effect of a fiscal expansion on inflation using the Nielsen Retail Scanner Data. To
identify this response of inflation to a demand stimulus (an increase in the generosity of
unemployment insurance) we exploit a policy discontinuity at U.S. state borders. We find
that inflation (and also spending) responds with a delay in a hump-shaped manner.

To assess the impact on marginal costs we explore whether this response is consistent
with two leading models of price setting, the sticky price model and the sticky information
model, which are known to have different implications for the size of the fiscal multiplier.
We find that the sticky information model is consistent with our empirical findings whereas

the sticky price model is not.
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Figure A-1: Map of U.S.A. with state and county outlines.
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Figure A-2: Unemployment benefit duration across U.S. states during the Great Recession. Selected months.



