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Abstract

Essays in Macroeconomics

by

Anders Yding

Doctor of Philosophy in Economics

University of California, Berkeley

Professor Emi Nakamura, Chair

This dissertation consists of three essays studying the macroeconomic effects of fiscal policy,
the aggregate consequences of labor market power, and the incidence and efficiency of land
value taxation.

In the first essay (coauthored with Ethan McClure), we estimate the macroeconomic effects
of government spending by constructing a new series of defense spending surprises using a
high-frequency identification approach. We identify events in the U.S. federal budget pro-
cess that reveal news about defense spending, focusing on dates when different versions of
defense appropriations bills are passed in the House or the Senate. We then quantify the
defense spending surprise associated with each event using daily stock returns of large U.S.
defense contractors. A positive defense spending surprise predicts a persistent increase in
future defense spending that is entirely passed through to total government spending. On
average, the identified spending increases are financed with a combination of taxes and debt
and are met with a muted monetary policy response. We estimate the dynamic causal
effects of defense spending and find sizable increases in output and consumption. Our esti-
mates imply a cumulative fiscal multiplier—the cumulative output response divided by the
cumulative spending response—of 1.2 over a five-year horizon. Our results indicate that
government spending stimulates (“crowds in”) economic activity in the private sector. A
standard heterogeneous-agent New Keynesian model matches our empirical evidence.

In the second essay (coauthored with Justin Bloesch and Birthe Larsen), we develop a model
of wage posting and on-the-job search where firms use wages and recruiting expenditures to
attract workers. We capture three sources of labor market monopsony power: preference
heterogeneity, search frictions, and labor market concentration. The model allows firms’
labor supply curves to be perfectly elastic in the long run but inelastic in the short run,
consistent with evidence that firms pay higher wages while growing even though the wage
premium at large firms is small. We provide empirical evidence that labor supply curves
are perfectly elastic in the long run using the effect of export demand shocks on the wage
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growth of job switchers in Denmark. Our results imply that monopsony rents are dissipated
by recruiting costs, which can reconcile existing estimates of monopsony power with the
profit share of national income in rich countries.

In the final essay (coauthored with Ulf Nielsson and Caleb Wroblewski), we study the effects
of taxing land values. Land value taxes are often seen as particularly desirable because
the fixed supply of land implies no efficiency loss from taxation, with the entire tax burden
falling on current landowners. We study the incidence and efficiency of land taxes using a
unique quasi-experiment that generated persistent variation in land tax rates across Danish
municipalities. In contrast to the predictions of standard, neoclassical models, we estimate
a precise zero effect of land taxes on residential home prices. The precision of our estimates
allows us to confidently rule out full capitalization of taxes into home prices using leading
estimates of housing discount rates. Our results imply that the burden of land taxes is
shared with tenants and future purchasers. We also estimate null effects of land taxes on
measures of housing development, mobility, and homeownership, though we do find that
older homeowners sort away from high tax areas. Our results are consistent with limited
efficiency costs of land value taxation but imply that land taxes are more regressive in our
setting than predicted by standard models.
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How do changes in government spending affect aggregate economic activity? The answer to this
question is typically summarized by a fiscal multiplier: the percentage change in output that re-
sults from increasing government spending by one percent of GDP.1 There is broad consensus that
government spending increases output, but the empirical literature is divided on whether fiscal mul-
tipliers tend to be smaller or larger than one—that is, does an increase in government spending
tend to dampen (“crowd out”) or stimulate (“crowd in”) private consumption and investment?

Isolating the causal effect of government spending on output is challenging. Observed changes
in spending could reflect an endogenous policy response to the state of the economy. For example,
policymakers have routinely turned to government spending as a tool for stabilizing the economy in
recessions, such as the New Deal in the 1930s or the American Recovery and Reinvestment Act of
2009.2 To mitigate concerns about reverse causation, a long empirical literature uses variation from
defense spending and wars, arguing that this type of spending is unlikely to respond to economic
events (Barro, 1981; Hall, 1986; Rotemberg and Woodford, 1992; Ramey and Shapiro, 1998; Hall,
2009; Barro and Redlick, 2011; Ramey, 2011b; Ramey and Zubairy, 2018).

However, even if wars are typically not triggered by the business cycle, the decision of how
much to spend on a war—or how much to spend on defense in peacetime—could still depend on
the economy. For instance, Defense Secretary Gates stated in 2010: “Given America’s difficult
economic circumstances and parlous fiscal condition, military spending on things large and small
can and should expect closer, harsher scrutiny. [...] The gusher has been turned off, and will stay
off for a good period of time.”3 Wars also affect the macroeconomy through other channels than fiscal
policy, such as labor force participation or uncertainty, obscuring the direct effect of government
spending.4

On top of these endogeneity concerns, identification is also complicated by anticipation effects
(Ramey, 2011b; Mertens and Ravn, 2012; Leeper et al., 2013). Implementation and legislative lags
imply that changes in government spending are often known in advance. If a change in government
spending is anticipated, then part of its effects on the economy may occur in response to news,
before any actual spending takes place. News shocks violate the invertibility assumption imposed in
structural vector autoregression (VAR) approaches (e.g., Blanchard and Perotti, 2002), which leads
to confounding of anticipated and unanticipated policy changes.5

In this paper, we construct a new series of defense spending surprises to address these empirical
challenges and isolate the effects of government spending on the macroeconomy. Our empirical
strategy is to measure surprises in a stock index of large U.S. defense contractors in a narrow
window around legislative events that reveal news about U.S. defense spending. The idea is that
the financial market reaction to such events is informative about defense spending news because

1Or equivalently, the dollar change in output that results when the government spends an additional
dollar.

2The policy response could also be procyclical. For example, a weak economy may constrain the fiscal
space and lead politicians to cut spending.

3The Wall Street Journal (2010).
4This limitation of using wars to identify fiscal multipliers is well-known in the literature (e.g., Ramey,

2011a).
5Intuitively, the identified shocks from this approach are forecast errors of government spending after

projecting out quarterly lags of spending and output. If these lags do not capture news, then anticipated
changes in spending may be misclassified as unanticipated. Ramey (2011b) shows that the Blanchard and
Perotti (2002) shocks are predictable.
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defense contractors’ cash flows depend heavily on defense spending. If asset prices reflect all available
information, then our surprises will capture only unanticipated changes in defense spending, since
anticipated changes are already priced in. By measuring the surprise in a narrow window around
events that specifically relate to U.S. defense spending, we can plausibly rule out that information
about other aspects of the economy changes simultaneously. A recession may be the reason for
defense spending cuts, but expectations about how the recession affects the economy should already
be priced in before the cuts are announced.

We construct the defense spending surprises in two steps. The first step is to identify events
that are likely to reveal news about U.S. defense spending. We focus on the two main ways U.S.
Congress provides funding for defense: the regular annual defense appropriations bills and the
supplemental defense appropriations bills that provide additional budget authority. We exclude
consolidated bills (“omnibus bills”) that have been common in recent years because they likely also
communicate news about other types of spending. We collect data on the legislative actions and
timeline of each individual bill from the Congressional Record since 1947. For each bill, we isolate
three central event dates when different versions of the bill pass: the days when the House and the
Senate pass their separate versions of the bill, and the day when the two chambers agree on the
final version. These events resolve uncertainty and reveal information about which version of the
bill will eventually become law. Information is also signaled in other ways: The event days often
feature extensive debates about defense spending, and members of Congress propose, debate, and
vote on amendments to the bill.

The second step is to quantify the defense spending news communicated on the event dates.
Following Fisher and Peters (2010), we construct a stock index of large U.S. defense contractors
using the Department of Defense reports on the top 100 defense contractors for each fiscal year. The
underlying assumption is that an event that communicates news of an increase in future defense
spending will increase the stock prices of U.S. defense contractors as market participants raise their
expectations of future profits. We measure the surprise on each event date using the excess returns of
defense contractors relative to a broader market index to purge the surprises of market fluctuations
unrelated to defense. The resulting surprise series measures excess returns on 213 unique event
dates.

To validate the defense spending surprises as an instrument for defense spending, we perform a
set of diagnostic checks to assess their statistical properties. The variance of excess returns is more
than twice as high on event dates as on regular trading days, indicating a disproportionate release
of cash flow news about defense contractors. In line with the definition of macroeconomic shocks
in Ramey (2016), we find that the surprises are mean-zero, serially uncorrelated, and not Granger-
caused by standard macroeconomic and financial variables. We also provide specific event-study
examples to illustrate the variation we exploit. For instance, in 1949, disagreement between the
House and the Senate over Air Force funding significantly delayed the final passage of the defense
appropriations bill. When the Senate eventually relented on its demands for Air Force cuts and
passed the bill, defense contractors experienced substantial excess returns.

Next, we aggregate the daily defense spending surprises to quarterly frequency and estimate the
macroeconomic effects of a defense spending surprise using local projections.

A positive defense spending surprise predicts a persistent increase in defense spending that is
entirely passed through to total government spending. We find no spending response on impact,
confirming that a surprise reflects news shocks about future spending. In the quarters following
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a surprise, defense spending gradually rises and peaks after 3–4 years, staying elevated for several
years. The high persistence of the response can be explained by the long duration of defense contracts
(Cox et al., 2024) and is consistent with earlier findings that do not primarily rely on large wars
(Blanchard and Perotti, 2002; Fisher and Peters, 2010). The dynamic response of total government
spending closely resembles the defense spending response, indicating little to no change in other types
of spending. The modest response of nondefense spending is also consistent with our event dates
isolating news specific to defense spending. The magnitude of the shocks is economically meaningful:
A one-standard-deviation defense spending surprise leads to a persistent increase in defense spending
that peaks at 0.25 percent of GDP.6 The cumulative government spending response—the relevant
first stage for estimating cumulative fiscal multipliers—is highly statistically significant with a first-
stage F -statistic of 19 over a five-year horizon.

The identified changes in defense spending are partially tax-financed, and they do not seem to
be counteracted by monetary policy “leaning against the wind.” The fiscal and monetary policy
responses are central to interpreting our results. Standard macroeconomic models suggests that
the size of fiscal multipliers depend crucially on how the spending is financed and the response of
monetary policy. Models with non-Ricardian agents, such as the old textbook IS-LM model or the
modern heterogeneous-agent New Keynesian literature (Kaplan et al., 2018; Auclert et al., 2024),
predict that tax-financed spending is less effective in stimulating output relative to debt financing.
Similarly, fiscal stimulus may be less effective if it is counteracted by contractionary monetary policy.

Output and consumption rise persistently following a defense spending surprise. On impact, the
aggregate response is close to zero, mirroring the response of government spending. Output then
rises faster than spending, which is consistent with agents reacting to news about future demand.
Private consumption is crowded in, peaking at 50 cents per dollar of government spending. The
consumption gains are concentrated in non-durables and services, with little movement in durables.
The investment response is positive, but not statistically significant. Together, these patterns
suggest that government spending stimulates private economic activity.

We summarize the effects of government spending on output by estimating cumulative fiscal
multipliers—the cumulative output response divided by the cumulative government spending re-
sponse to a defense spending surprise. Our baseline estimate is a cumulative fiscal multiplier of 1.2
measured over a five-year horizon. Our multiplier estimates are larger at shorter horizons because
output tends to respond earlier than spending, consistent with agents responding to news. When
we remove event dates that are relatively more likely to include confounding news, our multiplier es-
timates increase. Overall, we interpret our fiscal multiplier results as evidence that fiscal multipliers
can be greater than one.

Standard theoretical models can rationalize the aggregate effects of defense spending we esti-
mate. Our baseline model builds on the two-asset heterogeneous-agent New Keynesian (HANK)
model of Auclert et al. (2024). We feed the empirically estimated path of government spending
into the model and calibrate the policy rules so the policy responses are consistent with the data.
This calibrated quantitative HANK model provides a good fit to the estimated impulse responses.
More generally, models with high marginal propensities to consume and substantial nominal and
real rigidities perform similarly. For instance, an analytically tractable HANK model, similar to

6Even though this implies a large cumulative spending response, the changes in spending identified from
a defense spending surprise are much smaller than those associated with major wars such as World War II
and the Korean War, which much of the previous literature relies on.
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Angeletos et al. (2024) and Debortoli and Galí (2025), also rationalizes our results. In contrast, a
representative-agent model with Ricardian households and low marginal propensities to consume
struggles to replicate the observed increase in private consumption without a counterfactual decline
in real interest rates.

Related Literature This article contributes to a large empirical literature that estimates aggre-
gate fiscal multipliers. One strand of the literature employs structural VARs to identify government
spending shocks (Blanchard and Perotti, 2002).7 The other main strand of the literature focuses on
defense spending and wars and assumes that this type of variation is exogenous (Barro, 1981; Hall,
1986; Rotemberg and Woodford, 1992; Hall, 2009; Barro and Redlick, 2011). To account for antic-
ipation effects, a connected literature has focused on identifying news shocks that capture changes
in defense spending when they are announced (Ramey and Shapiro, 1998; Fisher and Peters, 2010;
Ramey, 2011b; Ben Zeev and Pappa, 2017; Melosi et al., 2025). In a seminal contribution, Ramey
(2011b) uses a narrative approach to create a quarterly series of defense news shocks based on news-
paper articles.8 We contribute to this literature by providing a new series of defense news shocks
based on a high-frequency identification approach. Overall, the time series literature tends to find
aggregate fiscal multiplier estimates in the range 0.6–1.0 (Ramey, 2019; Ilzetzki, 2025). Our empiri-
cal evidence suggests that aggregate fiscal multipliers can exceed one and that private consumption
in particular is crowded in.

Closest to our paper is Fisher and Peters (2010), who compute the accumulated monthly excess
returns of defense contractors and order this variable last in a recursive VAR. We also use asset
price responses of defense contractors to measure defense spending news. However, they use all
variation in excess returns, whereas we only use the variation that occurs on specific event dates.
Excess returns fluctuate for many reasons unrelated to U.S. defense spending. Using all variation
introduces noise that reduces statistical power and could be endogenous to the business cycle.9 For
example, some of the largest daily excess returns in their sample occur in response to financial
crises. Presidential elections, which likely reveal both defense and other news, also often lead to
substantial excess returns.

Our work is also connected to a literature that estimates relative (or local) fiscal multipliers
in the cross-section using regional data. Nakamura and Steinsson (2014) exploit cross-sectional
variation in U.S. states exposure to national military buildups. Other papers that study defense
spending in this context include Hooker and Knetter (1997), Dupor and Guerrero (2017), Auerbach
et al. (2020, 2024), Biolsi (2019), Hebous and Zimmermann (2021), Brunet (2024), and Amodeo and
Briganti (2025).10 The identification assumptions required in the cross-section are more plausible,
but translating relative fiscal multipliers into aggregate fiscal multipliers requires a model (see also

7See also Edelberg et al. (1999), Burnside et al. (2004), Galí et al. (2007), Perotti (2007), Monacelli and
Perotti (2008), Mountford and Uhlig (2009), Auerbach and Gorodnichenko (2012), Corsetti et al. (2012),
Ilzetzki et al. (2013), and Caldara and Kamps (2017).

8Recently, Antolin-Diaz and Surico (2025) study the long-run effects of government spending using these
shocks. Antonova et al. (2025) study the role of reallocation of resources between sectors in military buildups.

9Ramey (2016) finds first-stage F -statistics close to zero using the Fisher and Peters (2010) shocks in
her specification.

10There is a large literature estimating local fiscal multipliers using other types of spending and transfers,
e.g. Chodorow-Reich et al. (2012), Shoag (2013), Acconcia et al. (2014), Suárez Serrato and Wingender
(2016), and many others. See Chodorow-Reich (2019) for an overview.
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Farhi and Werning (2016)). Chodorow-Reich (2019) reviews this literature and finds a median
estimate of 1.8. Our evidence helps reconcile the relatively large local fiscal multipliers with the low
estimates that dominate the time series literature.

Methodologically, our paper relates to the literature that uses high-frequency asset price sur-
prises to identify macroeconomic shocks. This approach to identification was first applied to mon-
etary policy surprises (see, e.g., Gürkaynak et al., 2005; Gertler and Karadi, 2015; Nakamura and
Steinsson, 2018) and has since been applied to several other settings.11 Our paper is the first to
apply these methods to study the macroeconomic effects of government purchases (i.e. government
consumption and investment in national accounts) and estimate fiscal multipliers.12 Recent work
has studied the effects of deficit news on asset prices (Cotton, 2024; Gomez Cram et al., 2025;
Wiegand, 2025). Wiegand (2025) estimates effects of deficit news using events when the Congres-
sional Budget Office (CBO) releases new forecasts. Our empirical methodology differs in that we
use the asset market surprises to quantify the news being communicated, whereas Wiegand instead
assumes that changes in CBO forecasts are unanticipated and studies how asset price respond as
an outcome. Hazell and Hobler (2025) combine narrative and high-frequency methods to study the
effect of deficit news (mostly transfers) from a Senate election runoff on inflation.

Roadmap The article proceeds as follows. In section 1.1, we lay out our identification strategy
and describe how we construct defense spending surprises. In Section 1.2, we present our empirical
specification and estimate the dynamic effects of defense spending surprises. In Section 1.3, we
estimate cumulative fiscal multipliers and discuss how our results compare to the previous literature.
In Section 1.4, we show that a standard heterogeneous-agent New Keynesian model can match our
empirical evidence. Section 1.5 concludes.

1.1 A New Measure of Defense Spending News
In this section, we construct a new series of defense spending news shocks using a high-frequency
identification approach. We call them defense spending surprises to emphasize that they reflect
financial market surprises. We begin by identifying legislative events in the U.S. federal budget
process that are likely to communicate news about defense spending. We then construct a stock
index of U.S. defense contractors, building on work by Fisher and Peters (2010). Finally, we measure
the surprise in the excess returns of the stock index in daily windows around each event. We
provide concrete examples to illustrate the underlying variation we exploit and discuss the statistical
properties of the surprise series.

11Examples include oil supply (Känzig, 2021), carbon pricing (Känzig, 2023), dollar swap lines (Kekre
and Lenel, 2025), bank regulation (Drechsel and Miura, 2025), Treasury supply (Bi et al., 2025), economic
data releases (Boehm and Kroner, 2025), and supply chains (Känzig and Raghavan, 2025).

12Military spending almost exclusively consists of government consumption and investment (as opposed
to transfers). Deficits are broader in that they may arise due to changes in either government consumption
and investment, transfers, or taxes.
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Institutional Background: Defense Appropriations and Contracting
National defense accounts for more than half of federal government spending and explains a majority
of the variation in total government spending.13 The U.S. Department of Defense is primarily funded
by the annual defense appropriations bill, the largest of the twelve appropriations bills passed by
Congress each fiscal year. This subsection describes the institutional details of how defense spending
is funded in the United States and provides the basis for how we select event dates.

The Defense Appropriations Process The House and Senate Appropriations Committees
each have a Subcommittee on Defense that is responsible for developing, drafting, and managing
the consideration of the defense appropriations bill. The House and Senate subcommittees generally
operate in parallel.14

After the President submits the annual budget request to Congress, the subcommittees hear
testimonies from senior Department of Defense officials and other relevant parties. Members of
Congress outside the committees may also submit requests and recommendations. Following these
hearings, the subcommittees draft and mark up the defense appropriations bill and report it to the
full appropriations committees, who may also make amendments before reporting the bill for floor
consideration.

Ordinarily, the bill is first considered in the House, which typically occurs in May or June.
After being publicly debated and amended on the floor, the House passes the bill. The Senate then
subsequently debates, amends and passes its own version of the bill. Any disagreements between
the House and Senate must be resolved before the bill can be presented to the President. For most
of the bills we consider, the House and Senate agree to form a conference committee to negotiate
the final version of the bill and report the results in a conference report. Alternatively, the two
chambers can exchange amendments until they arrive at identical measures. The final version of
the bill is then presented to the President for their signature or veto.

Supplemental Defense Appropriations Outside of the regular appropriations process, ad-
ditional defense spending can be funded by supplemental defense appropriations. These measures
traditionally cover urgent needs, but they have also been used to regularly pay for military cam-
paigns. For example, the wars in Iraq and Afghanistan in the 2000s were to a large extent financed
by supplemental appropriations. Congress passed one major “emergency” supplemental defense bill
per year during 2002–2010. Since these bills evolved into a regular annual stream of war funding,
they were largely anticipated. Supplemental spending bills follow a process similar to the one for the
regular defense spending bills, though often at an accelerated rate. For example, the Supplemental
Defense Appropriations Act 2005 was introduced and passed in the House on March 11 and 16. The
Senate passed the bill on April 21, and a conference report was agreed to on May 10; the bill was
signed into law the next day.

Omnibus Appropriations Bills and Continuing Resolutions Historically, Congress
has usually passed each regular appropriations bill separately and on time. However, since the

13A linear regression of total government spending on defense spending in quarterly growth rates yields
an R2 of 0.72 in our sample period 1947–2019.

14See Saturno and Lynch (2023, 2024) for a more detailed overview.
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2000s, the appropriations process has often deviated from standard practices. First, it has become
increasingly common to combine several of the twelve appropriations bills into a single measure, a
so-called consolidated, or “omnibus”, appropriations bill. Second, Congress has increasingly failed
to pass the regular appropriations bills before the start of the fiscal year on October 1st. To
avoid government shutdowns, Congress has often temporarily extended funding at current levels by
passing a continuing resolution (“CR”).

Defense Contractors and Procurement The Department of Defense relies heavily on con-
tractors to supply military equipment and other goods and services (Neenan, 2024a,b). Defense
contracts account for the majority of federal contracts, and federal contracts in turn explain most of
the variation in total government spending (Cox et al., 2024). Defense contracts are approximately
evenly split between goods and services. The Department of Defense awards contracts to hundreds
of firms, yet a majority of the (dollar-weighted) contracts are awarded to a handful of large defense
contractors such as Lockheed Martin, General Dynamics, and Raytheon.

Defense contracts often span several years. Cox et al. (2024) document that the median federal
contract duration is 3–4 years and the 90th percentile is around 12 years. Even though defense
appropriations bills are specific to a fiscal year, they provide budget authority several years into
the future. The main reason is that procurement of military investment goods, such as aircraft,
ships, and armored vehicles,15 is funded under a full funding policy, which requires that the entire
procurement cost is appropriated in the year that item is procured. Congress has imposed this
policy on defense spending since the 1950s.16

Event Dates
When is news about defense spending communicated to the public? The ideal event for our empir-
ical strategy is one that reveals information about U.S. defense spending without simultaneously
conveying news about other factors that influence economic conditions. Our analysis focuses on
key legislative events in the defense appropriations process that directly determine U.S. defense
spending. Alternative political events—such as State of the Union addresses or election outcomes—
also convey information about defense priorities, but they are often confounded by other policy
developments. For instance, it is difficult to isolate the effects of defense spending news from a pres-
idential election if presidents who tend to raise defense spending also tend to pursue, say, financial
deregulation.

We concentrate on the two main types of legislation that provide funding for defense: regular
defense appropriations bills and supplemental defense appropriations bills. For each bill, we collect
detailed information from the Congressional Record on its timeline and legislative actions, from
initial introduction to final enactment. We exclude defense appropriations that are passed as part
of omnibus spending packages, as well as continuing resolutions, which provide only temporary
funding and are typically anticipated.

We identify three central legislative events that mark the progression of each bill through
Congress: passage in the House, passage in the Senate, and the approval of the final version of

15Satellites, missiles, weapons, and ammunition also fall under this category.
16See Daggett and O’Rourke (2007).
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the bill. Passage is an important event because it resolves uncertainty and because the approved
bill is reported. These events are also highlighted as milestone events in the Congressional Record
(e.g., in the overview section of the Daily Digest publication) and are most likely to be reported in
the news. In addition, debates and amendments tend to cluster on these days. For example, the
House considers the regular appropriations bill under a so-called “special rule” that governs debate
and amendment. Since debate is usually limited to 1–2 hours, most of the activities related to the
House version of the bill occur on the same day. When the date of a legislative event is not avail-
able from the Congressional Record’s online database, we either manually locate the event in the
full texts of the Congressional Record, or consult CQ Almanac, which provides detailed narrative
overviews of each bill’s content and legislative history.

Consider for example the Department of Defense Appropriations Act 1982, which was debated,
amended, and passed in the House on November 18, 1981. On this event date, 28 amendments were
proposed and voted on by House members, with 17 of them passing. For example, one amendment
proposed to reduce funds for procurement and research and development by two percent, but failed
by a close vote of 197–202. Another amendment proposed “to decrease from 13,957,598,000 dollars to
12,156,598,000 dollars funds for Air Force aircraft procurement. The intent of the amendment is to
strike funds for the B-1 bomber.” The B-1 bomber program was one of the most controversial defense
programs of the late Cold War, both politically and within the defense establishment (Norman,
1988). In the end, most of the proposed cuts failed, whereas the House passed other amendments
to increase funding for Navy shipbuilding and Air Force missile procurement, among other things.

A Stock Index of Defense Contractors
To quantify the defense spending news released on event dates, we construct a stock index of large
U.S. defense contractors following Fisher and Peters (2010). The index is based on the annual Top
100 Contractor Reports published by the Department of Defense since 1958. These reports rank the
top 100 companies that were awarded the largest total dollar volume of prime contracts during a
fiscal year (including their subsidiaries). The reports include information on firm names, their rank,
and the dollar value of their awarded contracts. We digitize this information and string-match the
firm names to daily financial data from the Center for Research in Security Prices (CRSP) database.
We complement the data with annual sales data from the Compustat database.

Which firms should be included in the index to best capture defense news? On the one hand, it
is desirable to include as many firms from the reports as possible to minimize noise from individual
firms. On the other hand, we want to exclude firms that are not perceived as defense contractors by
financial markets. For example, some firms may only be listed temporarily (such as Moderna and
Pfizer during the COVID-19 pandemic), or defense contracts may only account for a tiny fraction
of a firm’s total sales (such as FedEx). Our goal is not necessarily to include as large a fraction of
defense contracts as possible, but rather to extract as clear a signal about defense spending news
as possible.

We impose the following requirements for a firm to be included in our index. First, we require
that firms appear in the reports at least five times. Second, we restrict our analysis to firms that
belong to a defense-related industry as defined by the list of four-digit SIC codes in Fisher and
Peters (2010). This classification is relatively broad but excludes firms that are not primarily
engaged in defense-related activities such as health insurance companies. To ensure that the firms
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are exposed to defense contracts, the third requirement is that defense contracts must account for at
least 20 percent of the firm’s total sales on average. Fourth, we target relatively large contractors by
requiring that a firm’s defense contracts must account for at least one percent of the total contract
volume on average. Finally, we exclude any private and foreign firms that are not covered by CRSP.
This requirement is not very restrictive, as large defense contractors are almost exclusively publicly
traded U.S. companies.

Our baseline set of firms replicates the list of firms considered in Fisher and Peters (2010) by
additionally imposing that firms must appear in the top three at some point, and by excluding
Boeing.17 We weight the firms by their average share of total contract volume. Our stock index
includes 14 individual stocks and covers 35 percent of defense contracts on average. Figure A.2
shows that the share of contracts awarded to the firms in the index has been relatively stable over
time. Following Fisher and Peters (2010), we extrapolate our list of defense contractors back to
1947. We verify that the firms in the list were large defense contractors in this period by consulting
official accounts from the Korean War (United States Senate, 1951).

We construct alternative stock indices that do not impose the top 3 requirement; that include
Boeing; and that select a higher number of firms based on recent reports (for example, firms ap-
pearing in the top 25 in the last three years). Overall, all of these alternative indices are highly
correlated with our baseline index because the defense industry is dominated by the top 5–10 largest
defense contractors, such as Lockheed Martin, Raytheon, General Dynamics, Northrop Grumman,
and most of these firms and their predecessors have existed for the whole sample period.

Measuring Defense Spending Surprises
On each event date, we measure the excess returns of defense contractors relative to a broader
stock market index. Conceptually, an event that communicates news of an increase in future de-
fense spending leads to excess returns of U.S. defense contractors as market participants raise their
expectations of future profits.

Let P def
τ denote the closing price of our stock index of defense contractors on a trading day

τ . Define the daily return as rdefτ ≡ logP def
τ − logP def

τ−1 where τ − 1 is the previous trading day.
Similarly, let Pmkt

τ be the closing price of the value-weighted market index in the CRSP database
with daily return rmktτ . Now consider N event dates {τ1, . . . , τN} during which news about defense
spending are communicated. For each event date τi, we define the daily defense spending surprise
as the excess return:

surpriseτi = rdefτi − rmkt
τi .

When an event falls on a non-trading day, we measure the return on the next trading day.
We use daily event windows as in e.g. Känzig (2021) and Drechsel and Miura (2025). Fiscal

policy is communicated less clearly than monetary policy, so the exact timing can be difficult to pin
down and markets may need some time to process or interpret the announcement. Furthermore,
exact time stamps from the Congressional Record and intraday financial data are unavailable for
most of our sample period.

17Fisher and Peters (2010) drop Boeing because of its exposure to the relatively volatile commercial airline
industry. Our approach is not sensitive to this choice because we focus only on specific event dates that are
dominated by announcements about defense.
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Returns vs. Excess Returns Our goal is to construct an instrument for defense spending
that can be used to identify fiscal multipliers. Therefore, we only need to identify the surprises up
to scale. While the idea behind using a defense stock index is that spending news affect returns
as cash flow news, we do not strictly need to assume that this channel is the only channel. For
example, expected market cash flows might react to defense spending news (e.g. due to multiplier
effects), but as long as the surprise we measure reflects a reaction to defense news, and not other
confounding shocks, the surprise variable remains a valid instrument. We theoretically decompose
the surprises to lay out this point in detail and show that we can allow for market cash flows and
discount rates to react in Appendix A.1. Still, standard asset pricing theory suggests that the
surprises do reflect changes in expected cash flows, which is our preferred interpretation.

Alternative measures of excess returns If our defense stock index does not move one-for-
one with the market, then simply subtracting the market return may be insufficient to control for
market fluctuations. To address this concern, we also compute excess returns based on a standard
CAPM model and the Fama–French three-factor model.18 Overall, these alternative measures of
excess returns are nearly perfectly correlated with our baseline measure and consequently produce
close to identical results. We find that the estimated market beta for our defense stock index is
close to one (0.90). This finding is consistent with defense index funds such as BlackRock’s iShares
U.S. Aerospace & Defense ETF index, which reports a market beta of 0.95 as of September 2025.

Examples of Defense Spending Surprises
In this subsection, we provide two concrete event study examples using events that communicated
defense news that resulted in excess returns.

Example 1: National Military Establishment Act 1950 Our first example is the final
Congressional approval of the National Military Establishment Act for the fiscal year 1950—the
regular defense appropriations bill of that year—on October 18, 1949. CQ Almanac provides a
detailed narrative account of the progression of this bill. At the time, the measure was the largest
peacetime appropriations bill in U.S. history. In early October, after weeks of lengthy sessions,
the conference committee reported that they had reached agreement on 73 of the 100 items that
the House and the Senate bills disagreed on. The main source of disagreement concerned four
amendments in which the Senate proposed substantial cuts to the Air Force. Both chambers refused
to give in, so the conference committee went back to work. In the end, the Senate gave in at the
end of a night session on October 17. The Air Force cuts did not materialize and the bill was passed
the next day.

Figure 1.1a plots the cumulative excess returns of the defense stock index in October 1949.
When the Senate gave in on their demands to cut the Air Force, defense stock rallied with excess
returns of about four percentage points. In this example, it was most likely the passage itself that

18We estimate these measures of excess returns using daily data on all trading days for our sample period
1947–2019. For the CAPM model, we regress the returns of the defense stock index on the market index
and obtain the excess return as the residual. The Fama–French specification additionally controls for size
and value risk factors.
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communicated news by resolving uncertainty about Air Force funding. All other disagreements had
already been agreed to.

Example 2: Department of Defense Appropriations Act 1990 We now consider an
example of an event that led to a large negative surprise: the annual defense appropriations bill that
provided funding for the fiscal year 1990. The first version of the bill was introduced in the House
on August 1, 1989. After debating and amending the bill, the house passed their version of the bill
three days later on August 4. The Senate version of the bill was passed in late September with
several significant amendments. To resolve the differences between the House and Senate versions of
the bill, a conference committee with members was appointed to. Usually, the conference committee
reaches an agreement, but in this case the conference report came out of committee with more than
101 disagreements on Monday November 13, so the House and the Senate had to debate the bill
again to resolve their differences before reaching an agreement the following weekend.

Figure 1.1b shows the cumulative excess returns of our defense stock index in November 1989.
The stock prices of major defense contractors began to decline gradually during the week, consistent
with investors revising expectations about future defense budgets. The final version of the bill
was passed the following weekend after intense negotiations and public discussion about potential
reductions in defense spending. When markets reopened, defense contractor stocks fell sharply.
Broader market indices were largely unchanged during this period, suggesting that the decline in
defense stocks reflected sector-specific news rather than general macroeconomic developments.

Defense Spending Surprise Series
Figure 1.2 plots the daily defense spending surprises on each of our 213 event dates. The mean
surprise is 0.00, suggesting that there is no evidence of systematic excess returns on our event dates.
The standard deviation of the surprises is 1.57 percentage points, which indicates that the variance
is more than twice as high on event dates compared to a sample that includes all trading days.

Are the surprises we identify autocorrelated or predictable? Figure A.5 shows the the auto-
correlation and partial autocorrelation functions of our surprise series. A standard Ljung-Box test
indicates that we cannot reject the null of no autocorrelation with a p-value of 0.84. To assess pre-
dictability, we conduct Granger causality tests in line with the previous literature on news shocks
(e.g. Ramey, 2011b; Känzig, 2021). Figure A.6 shows that standard macroeconomic and financial
do not significantly predict our defense spending surprises.

1.2 The Dynamic Effects of Defense Spending News
In this section, we present our empirical specification and estimate the effects of a defense spend-
ing surprise on the macroeconomy. We show that a positive defense spending surprise predicts a
persistent increase in future defense spending that is entirely passed through to total government
spending. The identified spending increases are financed with a mix of taxes and debt, and we find
muted responses of nominal interest rates and inflation. We find a sizable and persistent increases
in output and consumption, as well as a decline in the unemployment rate. In the next section, we
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Figure 1.1: Event Study Examples

(a) Defense Appropriations Act for Fiscal Year 1950
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(b) Defense Appropriations Act for Fiscal Year 1990

Notes: This figure illustrates two examples of defense spending surprises by plotting the cumulative excess
returns of the defense stock index around two of our event dates. In both panels red triangles represent
market returns and blue circles represent excess returns. Panel (a) shows the cumulative returns around the
final passage of the National Military Establishment Act 1950 on October 18, 1949 (with October 6 excess
returns normalized to zero). Panel (b) shows in blue circles the cumulative returns around the final passage
of the Department of Defense Appropriations Act 1990 in November 1989 (with October 31 excess returns
normalized to zero).
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Figure 1.2: Daily Defense Spending Surprises

Notes: This figure shows the daily defense spending surprise series, constructed as the excess returns of a
stock index of defense contractors on 213 event dates on which different versions of defense appropriations
bills passed in the Congress.

estimate cumulative fiscal multipliers to summarize the dynamic responses of government spending
and output.

Empirical Specification
We now estimate impulse response functions to a defense spending surprise using local projections
(Jordà, 2005a). We aggregate our daily series of surprises to quarterly frequency by summing them
within each quarter. We then convert them from excess returns to dollar surprises by multiplying
them by lagged real defense spending per capita Gdef

t−1. Our main interest lies in the dynamic
responses of government spending, output, and their components. We estimate regressions

Xt+h −Xt−1

Yt−1
= αh + βh

surpriset
Yt−1

+

p∑
j=1

γjh
′
W t−j + ut+h, (1.1)

for each horizon h = 0, 1, ..., H, where Xt+h denotes an outcome variable measured in real dollars
per capita (e.g. government spending or output) measured at time t + h, Yt−1 is lagged GDP in
real dollars per capita, surpriset is the defense spending surprise in real dollars per capita, W t is a
vector of control variables, and ut+h is an error term.
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We measure the components of aggregate demand in percent of GDP by normalizing by Yt−1

because we are ultimately interested in multipliers (rather than elasticities). Similarly, we normalize
the surprise so the right-hand side variable of interest surpriset

Yt−1
is also measured in percent of GDP.

We emphasize that we interpret the surprise series as an instrument for changes in defense spending,
and we do not claim to identify the scale. We scale the defense spending surprises such that the
impulse response of defense spending peaks at one percent of GDP. Since multipliers are unit-less,
this normalization of the reduced-form responses to a surprise can also be interpreted as a peak of
one dollar per capita.

We estimate the regressions in long-differences for two reasons. First, this formulation is the
natural extension of estimating contemporaneous multipliers in first-differences as in Hall (2009)
and Barro and Redlick (2011). Second, the simulation evidence of Jorda and Taylor (2025) suggests
that long-differencing suppresses the small sample bias highlighted by Herbst and Johannsen (2024),
and hence long-differencing obviates the need to apply a bias correction procedure.

We choose our control variables based on Montiel Olea et al. (forthcoming) who recommend
including several lags of the outcome, the regressor, as well as strong predictors of either. We
control for p = 6 lags of the surprise series, output, defense and total spending, inflation, short-term
interest rate, and the unemployment rate.19 When the outcome variable is not already in this list
of controls (e.g., consumption), we also include six lags of this variable.

We use quarterly data for the U.S. 1947–2019 obtained from the FRED database. We use
standard variables from the national income and product accounts (NIPA) to measure government
spending, GDP, and private consumption and investment. We express these variables in real 2017-
dollars per capita terms. We report heteroskedasticity-robust standard errors (Montiel Olea and
Plagborg-Møller, 2021).20

Defense Spending and Total Government Spending Responses
Our first result is that a defense spending surprise predicts a persistent increase in future defense
spending that is passed through to total government spending. The first panel of Figure 1.3 shows
the estimated response of defense spending, with the peak response normalized to one. The depen-

dent variable is
Gdef

t+h−G
def
t−1

Yt−1
, where Gdef

t is level of defense spending and Yt is the level of GDP. The
impact response is a precisely estimated zero effect. The absence of an immediate spending response
is consistent with our interpretation that the surprises capture news. In the quarters following a
surprise, defense spending increases steadily for 2–3 years, after which it stays elevated for several
years. The magnitude of the shocks is economically meaningful: A one-standard-deviation defense
spending surprise leads to a persistent increase in defense spending that peaks at 0.25 percent of
GDP.

The second panel of Figure 1.3 shows that the response of total government spending (the sum
of defense and nondefense spending) closely mirrors the defense spending response. Our surprise
series almost exclusively predicts changes in defense spending, not other types of spending. The

19Inflation is year-on-year percentage change is in the GDP deflator, and the short-term interest rate is
the yield on 3-month Treasury bills.

20This choice is conservative as heteroskedasticity and autocorrelation robust standard errors tend to
yield smaller standard errors in our setting.
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confidence bands are only slightly wider for total spending, consistent with the well-known fact that
defense spending accounts for most of the variation in U.S. government spending.

What explains the high persistence of the spending responses? First, U.S. defense spending is
generally a highly persistent process outside of large wars such as World War II and the Korean
War.21 In addition, more recent military campaigns such as the Vietnam War, the 1980s Carter-
Reagan buildup, and the wars in Afghanistan and Iraq, featured longer buildups and drawdowns.

A second reason is that defense contracts have long durations. Cox et al. (2024) document that
the median federal contract is 3–4 years with a 90th percentile of approximately 12 years. If a defense
spending surprise reflects a decision to build new fighter jets or Navy ships, then we should expect
high persistence. Measurement and implementation lags may also play a role. Recently, Briganti
et al. (2025) have shown that government spending, as measured in national accounts (NIPA), lags
budget authorization by 3–4 quarters. The timing in NIPA may reflect the delivery time of the
final good to the government, or the timing of the associated Treasury outlays (which can occur
gradually for large defense projects). However, while this timing mismatch likely contributes to the
persistence of our defense spending response, it is unlikely to be the main driver because we find
persistence effects that last several years.

We estimate dynamic responses up to a maximum horizon of 6 years throughout. While we
have sufficient statistical power to estimate the spending responses in Figure 1.3 at longer horizons,
the responses of other macroeconomic outcomes are difficult to estimate far into the future because
they are influenced by many other factors.22 We show the spending responses at longer horizons in
Figure A.8. When we restrict our sample to the post-1955 period, which excludes the Korean War,
the spending response is more transitory, although still highly persistent (see Figure A.9).

Responses of Taxes and Deficits
By definition, an increase in defense spending must be financed in one of three ways: decreasing
other types of spending, increasing tax revenue, or by running a deficit. This result follows from
the government budget identity:

Gdef
t +Gnondef

t︸ ︷︷ ︸
Gov’t purchases

= Tt︸︷︷︸
taxes

+Bt − (1 + rt−1)Bt−1︸ ︷︷ ︸
deficit

(1.2)

where Gdef
t and Gnondef

t denote defense spending and nondefense spending, Tt denote tax revenue
(net of transfers), Bt is the debt issued in period t, and rt is the real interest rate. Macroeconomic
models with non-Ricardian agents and high marginal propensities to consume (MPCs), such as the
old textbook IS-LM model or the modern heterogeneous-agent New Keynesian literature,23 predict
that the size of fiscal multipliers strongly depend on how the spending is financed. When spending
is debt-financed, current disposable income rises without an immediate tax increase. Non-Ricardian

21For example, Barro (1981) observes that “defense spending associated with wars is largely transitory,
while other changes in defense spending turn out to be predominantly permanent.”

22Antolin-Diaz and Surico (2025) study the long-run effects government spending using the shock series
from Ramey and Zubairy (2018) and a Bayesian VAR with 60 quarterly lags. Even in this setting, they
find that variation from large wars (World War I, World War II or the Korean War) is necessary to have
sufficient power with 90 percent confidence bands.

23See, e.g., Galí et al. (2007), Kaplan et al. (2018), and Auclert et al. (2024).
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Figure 1.3: Defense Spending Surprises Predict Future Defense Spending
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Notes: This figure plots the response of defense spending and total government spending to a defense spending
surprise, normalized so the defense spending response peaks at one dollar per capita (chained 2017-dollars).
The solid blue lines are our estimates of βh in Equation (1.1) for different horizons h. The dark and light
shaded areas are 68% and 95% confidence intervals.

high-MPC households therefore spend more today, so the boost to consumption is larger than under
tax financing.

Figure 1.4 shows how the identified spending changes are financed. The first panel replicates the
response of defense spending from the previous subsection. The second panel plots the response of
nondefense spending, which accounts for the small difference between defense and total government
spending. The bottom two panels show the responses of taxes (net of transfers) as well as the federal
deficit. For taxes, the outcome variable is Tt+h−Tt−1

Yt−1
, where Tt is the current federal tax receipts

minus current federal transfers payments. For deficits, the dependent variable is Dt+h−Dt−1

Yt−1
, where

Dt is the federal deficit including interest payments (defined as current expenditures minus current
receipts in NIPA). These responses are less precisely estimated than the spending responses in the
first row and indicate that the spending increases are financed with a mix of taxes and debt. The
tax response peaks at 50 cents and is borderline significant when the defense spending response
peaks at 1 dollar. This increase suggests that, on average, taxes and transfers do a play role in
financing the identified defense spending increases. Hence, the government spending increases we
identify should not be interpreted as a purely deficit-financed as in the literature on local fiscal
multipliers (Nakamura and Steinsson, 2014; Farhi and Werning, 2016; Chodorow-Reich, 2019).

One likely explanation for why it is difficult to obtain precise estimates for tax and deficit re-
sponses is time variation in the fiscal rule. What matters for fiscal multipliers is whether government
spending is tax-financed or debt-financed at the margin. It is well-documented that the financing of
defense spending and wars have varied considerably over time (Goldin, 1980; Ohanian, 1997). For
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example, the U.S. government implemented tax rate increases and ran a balanced budget during the
Korean War, whereas later episodes such as the Carter-Reagan buildup and the wars in Afghanistan
and Iraq, were financed almost entirely through deficits (Barro and Redlick, 2011). Auerbach and
Yagan (2025) provide empirical evidence that, in recent decades, Congress has stopped responding
to higher projected deficits with fiscal adjustments. Consistent with this evidence, we show in Fig-
ure A.12 that excluding the post-2000 part of our sample increases both the magnitude and the
precision of the estimated tax response. We also find some evidence that excluding the pre-1955
period (which includes the Korean War) leads to a larger deficit response, but only after 4–6 years
(see Figure A.13). Finally, we note that interpreting the fiscal policy response is complicated by
the presence of automatic stabilizers (e.g., McKay and Reis, 2016) and by feedback from output to
tax revenues through a “tax-base channel” (Angeletos et al., 2024). Part of the estimated increase
in taxes may reflect these mechanical forces rather than deliberate tax policy changes, such as the
major tax bills enacted during the Korean War.

Responses of Monetary Policy and Inflation
Are the spending increases we identify dampened (or amplified) by a monetary policy response?
Textbook New Keynesian models predict that the size of fiscal multipliers depend crucially on the
monetary policy response (Woodford, 2011; Christiano et al., 2011; Auclert et al., 2024). In Fig-
ure 1.5, we present the responses of the short-term nominal interest rate and the PCE inflation
rate to a defense spending surprise. The responses are normalized such that the defense spending
response peaks at one percent of GDP (corresponding to a surprise of about four standard devi-
ations). We do not find evidence that spending increase are met with a strong monetary policy
response. The estimated response of the nominal interest rate stays close to zero, suggesting that
monetary policy does not respond. The inflation response is not statistically significantly different
from zero and ranges from slightly positive in the first two years after a surprise to slightly negative
in years 2–4. These findings are generally in line with the previous empirical literature: Researchers
often find that nominal interest rates do not respond to identified government spending shocks,24

whereas the evidence on inflation responses is mixed (Jørgensen and Ravn, 2022).

Output, Consumption, and Investment Responses
In Figure 1.6, we present the responses of GDP and its components in the national income identity
Y = C + I +G+NX. The top row shows that a defense spending surprise generates a substantial
increase in output that largely has the same shape as the spending response. Even though the
spending path is back-loaded, output increases gradually and does not increase on impact. Yet,
output rises faster than spending: while the spending response only reaches its peak after three
years, output is almost at its peak after only one year. A potential explanation is that agents are
responding to news about future government spending by increasing private expenditures.

The second row shows the private consumption responses to a defense spending surprise. Pri-
vate consumption accounts for about 70 percent of GDP, so the consumption response is an key
determinant of fiscal multipliers. The left panel shows that households gradually increase their

24See, for example, the discussion in Angeletos et al. (2024).
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Figure 1.4: Responses of Taxes and Deficits to a Defense Spending Surprise
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Notes: This figure plots the response of defense spending, nondefense spending, federal taxes and transfers,
and the federal deficits to a defense spending surprise, normalized so the defense spending response peaks at
one dollar per capita (chained 2017-dollars). For taxes, the outcome variable is (Tt+h−Tt−1)/Yt−1, where Tt
is the current federal tax receipts minus current federal transfers payments as defined in NIPA. For deficits,
the dependent variable is (Dt+h − Dt−1)/Yt−1, where Dt is the federal deficit including interest payments
(defined as current expenditures minus current receipts in NIPA). The solid blue lines are our estimates of
βh in Equation (1.1) for different horizons h. The dark and light shaded areas are 68% and 95% confidence
intervals.

consumption of non-durables and services. Once again, we do not find evidence of an immediate
jump on impact. At first glance, the absence of an immediate response may appear inconsistent
with the behavior of forward-looking household in standard macroeconomic models. However, this
finding is less puzzling given the absence of a real interest rate response that we documented in
the previous section. The consumption response is persistent and peaks at a level that is about
half of the spending response. In contrast, consumption of durables does not respond to a defense
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Figure 1.5: Muted Monetary Policy Response
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Notes: This figure plots the responses of the nominal interest rate (3-month Treasury bill rate) and PCE
inflation (year-on-year) to a defense spending surprise. The responses are normalized so the defense spending
responses peaks at one percent of the GDP. The solid blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are 68% and 95% confidence intervals.

spending surprise. Overall, private consumption is crowded in, rather than crowded out as predicted
by standard neoclassical models (Woodford, 2011). This result contrasts with the literature that
relies on large wars for identification, as these papers find negative consumption responses (Barro,
1981; Hall, 1986; Ramey and Shapiro, 1998; Hall, 2009; Barro and Redlick, 2011; Ramey, 2011b).

The third row shows the responses of investment and net exports. The investment response is
moderately positive but statistically insignificantly different from zero. For completeness, we also
show the response of net exports, which fall gradually to a level that accounts for about half of
the increase in consumption. This decline may reflect an appreciation of the U.S. dollar standard
open economy models predict, and which Auerbach and Gorodnichenko (2016) provide evidence
for. Alternatively, it may reflect government imports, or imports of intermediate goods by defense
contractors. We note that the decline in net exports response suggests that foreign demand for
defense goods does not seem to be a major driver of the output response.

Labor Market Responses
Figure 1.7 shows that the response of the labor market to a defense spending surprise that generates
a defense spending peak of one percent of GDP. The first panel shows that the unemployment rate
falls by about 0.5 percentage points. This effect is consistent with Okun’s law, since GDP rises
by about one percent in response to the same shock. The second and third panels show that the
responses of employment-to-population ratio and hours worked mirror the unemployment response,
but with wider confidence bands.
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Figure 1.6: Government Spending Stimulates Private Economic Activity
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Notes: This figure plots the responses of total government spending, output, non-durable and services
consumption, durables consumption, investment, and net exports to a defense spending surprise, normalized
so the defense spending response peaks at one dollar per capita (chained 2017-dollars). The solid blue lines
are our estimates of βh in Equation (1.1) for different horizons h. The dark and light shaded areas are 68%
and 95% confidence intervals.
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Figure 1.7: Labor Market Responses to a Defense Spending Surprise
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Notes: This figure plots the responses of the unemployment rate, the employment-population ratio, and
log hours worked to a defense spending surprise, normalized so the defense spending response peaks at one
percent of GDP. The solid blue lines are our estimates of βh in Equation (1.1) for different horizons h. The
dark and light shaded areas are 68% and 95% confidence intervals.

1.3 Aggregate Fiscal Multipliers
In this section, we summarize the effects of government spending on output using cumulative fiscal
multipliers (Mountford and Uhlig, 2009; Farhi and Werning, 2016). The cumulative fiscal multiplier
is the cumulative output response divided by the cumulative government spending response to
a defense spending surprise. While the impulse responses contain strictly more information, the
multiplier is useful for summarizing the effects of government spending on output.

We estimate cumulative fiscal multipliers using a local projections instrumental variables (LP-
IV) approach (Stock and Watson, 2018; Ramey and Zubairy, 2018). For a given horizon h, we
regress the cumulative output response on the cumulative government spending response:

h∑
j=0

Yt+j − Yt−1

Yt−1
= δh +Mh

h∑
j=0

Gt+j −Gt−1

Yt−1
+

p∑
j=1

γjh
′
W t−j + ut+h (1.3)

using our surprise series as an instrument. Gt denotes total government spending and Yt denotes
the level of GDP. The coefficient of interest is Mh, which represents the cumulative fiscal multiplier
at horizon h. The control variables W t are the same we used to estimate the impulse responses in
the previous section.

First Stage
To reliably estimate the cumulative fiscal multiplier at horizon h, the defense spending surprise must
be a relevant instrument for the cumulative spending response

∑h
j=0

Gt+j−Gt−1

Yt−1
. The dashed red
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Figure 1.8: First-stage F -Statistics
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Notes: This figure plots robust first-stage F -statistics from testing the responses of defense spending and
total government spending to a defense spending surprise. The solid blue line plots the F -statistics from
pointwise tests that the impulse responses in Figure 1.3 are equal to zero at each horizon. The dashed red
line plots the F -statistics from testing that the cumulative impulse responses (up to the given horizon) are
equal to zero. The dashed red line is the relevant first-stage F -statistic for estimating cumulative fiscal
multipliers using our defense spending surprises as an instrument.

line in Figure 1.8 plots the first-stage F -statistics at each horizon h.25 These are the test statistics
from testing the null that the integral under the impulse responses in Figure 1.3 equals zero at a
given horizon. At short horizons, the instrument is weak because no actual spending has occurred
yet. At longer horizons, the surprise series predicts more spending and the F -statistics rise. We use
the total government spending variable to estimate fiscal multipliers. At a five-year horizon, the
F -statistic is almost 20, which indicates that our surprises series is a sufficiently strong instrument
for cumulative government spending.

Fiscal Multiplier Estimates
Table 1.1 presents our estimates of the cumulative fiscal multipliers Mh in Equation 1.3 at horizons
of 2–6 years. The first column shows the results for our baseline specification, which uses all 213 event
dates and the full postwar sample from 1947 to 2019. We estimate a cumulative fiscal multiplier of
1.2 over a five-year horizon. The multiplier estimates decline with the horizon because the estimated
output response to a spending surprise is slightly more front-loaded than the spending response.
Consistent with the rise in private consumption that we documented in the previous section, the

25We report robust F -statistics. Since we are in the just-identified case, these are equivalent to the efficient
F -statistic of Montiel Olea and Pflueger (2013).
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multipliers are above one, suggesting that government spending crowds in private-sector economic
activity.

In line with the positive consumption response documented in the previous section, our cumu-
lative fiscal multiplier estimates are always above one. However, we recognize that we cannot reject
fiscal multipliers of one—a common finding in the empirical literature on fiscal multipliers. Ramey
(2016, Table 4) estimates cumulative fiscal multipliers using the identified shocks of Blanchard and
Perotti (2002), Ramey (2011b), and Ben Zeev et al. (2023) using post-1947 quarterly data and
likewise finds that none of the multiplier estimates are statistically significantly different from one.
The local fiscal multiplier estimates Nakamura and Steinsson (2014, Table 2) fall in the range 1.4–
1.9 with confidence bands that include one. One exception to this pattern is the extended defense
news shocks series of Ramey and Zubairy (2018) that covers World War I, World War II, and the
Korean War—three large and relatively sudden buildups. Using this series, together with either
their specification or ours, we obtain a cumulative multiplier estimates around 0.7 that are precise
enough to rule out one at the 5% level.

In columns (2) to (4) of Table 1.1, we investigate how our multiplier estimates depend on the
selected event dates. In column (2), we remove the largest shock in our series, namely the emergency
appropriations bill passed shortly after the September 11 attacks in 2001. A potential concern is
that the event window around the passage of this bill includes confounding news and that our
relatively large multipliers are driven by this event. The estimates presented in column (2) show
this is not the case. Instead, our estimates increase The event-study graph around this event in
Figure A.7 confirms that most of the excess returns are driven by defense contractors’ stocks rather
than market returns. More generally, we may worry that supplemental appropriations bills are more
likely to violate the exclusion restriction if they happen turbulent times with lots of other news.
To assess the role of supplemental appropriations, we exclude all supplemental appropriations bills
and present the resulting multiplier estimates in column (3). We find that the multiplier estimates
increase further to around 2. As expected, the first stage is somewhat weaker with F -statistics
around 12 at longer horizons.

The final column of Table 1.1 reports our multiplier estimates for a sample starting in 1955,
thereby excluding the Korean War period. At short horizons, we lack sufficient statistical power
to estimate multipliers precisely, partly because the spending response is more back-loaded. At
longer horizons, however, we find large multiplier estimates, consistent with earlier findings that the
Korean War period is associated with smaller estimated multipliers Galí et al. (2007); Dupor and
Guerrero (2017). At the five-year horizon, the lower bound of the 95 percent confidence interval is
0.83—above the cumulative multiplier estimates of Ramey (2011b), as reported in Ramey (2016).26

An important contribution of our paper is that our defense spending surprise series allows us to
estimate fiscal multipliers reliably in the post-1954 sample.

Taken together, these results suggest that government spending has sizable and persistent effects
on output. Across specifications, our estimated cumulative multipliers remain above one. We
interpret these findings as evidence that fiscal multipliers can exceed one.

26Ramey (2011b) does not directly estimate cumulative fiscal multipliers, so we rely on the estimates from
Ramey (2016), which uses the same shocks.
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Table 1.1: Cumulative Fiscal Multiplier Estimates

Baseline No September 11 Regular Appropriations Post-1954
Horizon (Years) (1) (2) (3) (4)

2 1.35 2.02 3.74 6.99
(0.83) (0.96) (1.64) (8.17)

[F = 8.04] [F = 7.38] [F = 4.13] [F = 0.9]

3 1.29 1.71 2.66 4.03
(0.62) (0.69) (0.89) (2.50)

[F = 12.1] [F = 11.8] [F = 8.18] [F = 3.44]

4 1.27 1.57 2.31 2.98
(0.56) (0.62) (0.75) (1.23)

[F = 16.3] [F = 16.1] [F = 11.4] [F = 7.65]

5 1.17 1.39 2.00 2.44
(0.52) (0.59) (0.72) (0.82)

[F = 18.9] [F = 17.7] [F = 12.3] [F = 10.1]

6 1.12 1.29 1.82 2.09
(0.49) (0.56) (0.68) (0.63)

[F = 20.6] [F = 18.0] [F = 12.4] [F = 12.4]

Sample 1947–2019 1947–2019 1947–2019 1955–2019

Notes: This table reports our IV estimates of the cumulative fiscal multiplier Mh in Equation (1.3). Along
the rows, we report estimates at different forecast horizons (in years). Along the columns, we estimate
multipliers using different samples. The first column is our baseline sample, which includes all event dates
from regular and supplemental appropriations bills 1947–2019. The second column excludes the event around
the September 11 attacks. The third column drops all events related to supplemental appropriations and
only considers regular appropriations bills. The final column drops the years before 1955 (which include the
Korean War). Below each estimate we report the heteroskedasticity-robust standard error in parentheses,
and the first stage F -statistic in brackets.

1.4 Aggregate Fiscal Multipliers in Standard Models
Our empirical analysis shows that government spending has substantial effects on economic ac-
tivity. Are these results consistent with standard models of fiscal policy? In this section, we
develop a theoretical framework to show that the answer is yes. Our model builds on the two-
asset heterogeneous-agent New Keynesian (HANK) model of Auclert et al. (2024) and the work of
Kaplan and Violante (2014, 2022). As first proposed in Galí et al. (2007), the presence of both non-
Ricardian high-MPC households and nominal rigidities enables the model to replicate the positive
consumption response to government spending that we see in the data.27 Our results can also be

27The main alternative way of generating an increase in consumption has been to use non-separable
preferences that exhibit complementarity between consumption and hours worked (Basu and Kimball, 2003;
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rationalized by an analytically tractable two-agent New Keynesian (TANK) model (Galí et al., 2007;
Bilbiie, 2008; Angeletos et al., 2024). On the other hand, our results are inconsistent with standard
representative-agent New Keynesian models, since these cannot match the increase in consumption
without a counterfactual decrease in real interest rates.28

Quantitative Model
Environment Time is discrete and infinite, indexed by t = 0, 1, 2, . . . . The economy is populated
by households, labor unions, production firms, banks, a monetary authority, and a fiscal authority.
All agents have perfect foresight over aggregate variables.

Households The economy is populated by a unit continuum of ex-ante identical households i
with preferences

E0

∞∑
t=0

βt

(
C

1−1/σ
it − 1

1− 1/σ
− N

1+1/η
it

1 + 1/η

)
(1.4)

where Cit and Nit are consumption and hours worked of household i at time t, σ is the intertemporal
elasticity of substitution, and η is the Frisch elasticity of labor supply. Households face idiosyncratic
income risk: Each hour worked provides eit units of effective labor, where the labor productivity
eit follows a Markov process with fixed transition matrix Ω. The proportion of households in
productivity state e is always ω(e), where ω(e) is the probability of e in the stationary distribution
of Ω. The average labor productivity level is normalized to one, so

∑
e ω(e)e = 1. Households earn

nominal wage Wt per unit of effective labor and take their hours worked Nit as given (since hours are
determined by labor union demand). Aggregate efficiency-weighted hours worked isNt =

∫
eitNit di.

Following Auclert et al. (2024), we assume a proportional allocation rule for labor hours (Nit = Nt)
and model progressive labor taxation as in Heathcote et al. (2017). Household i’s post-tax labor

income is then Zit =
e1−θ
it∫
e1−θ
it

Zt, where Zt is aggregate post-tax labor income, and θ is the progressivity
of labor income taxation.

Households can hold their assets in liquid (Ait) or illiquid (Ãit) accounts. Both accounts generate
a net return of rt, but holding liquid assets is subject to a flow cost ζ(1+rt−1)Ait−1 each period. We
model illiquidity à la Calvo as in Bayer et al. (2024): Household i can transfer funds between the
liquid and illiquid accounts only when the i.i.d. Bernoulli variable Λit equals one, which happens

Bilbiie, 2011; Monacelli and Perotti, 2008; Nakamura and Steinsson, 2014). This approach has largely fallen
out of favor because it implies unrealistically high marginal propensities to earn out of wealth (Auclert et al.,
2023). Finally, consumption increases can also be achieved using a monetary policy rule that decreases real
interest rates in response to government spending (Woodford, 2011; Christiano et al., 2011), but such a
policy reaction is not consistent with our estimated interest rate response.

28Standard neoclassical models predict crowding out of private consumption and fiscal multipliers sub-
stantially below one (Woodford, 2011, e.g.,), hence we can immediately conclude that they are unable to
match our empirical evidence. See also Aiyagari et al. (1992) and Baxter and King (1993) who study the
neoclassical wealth effect on labor supply.
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with probability λ in each period. At time t, the budget constraints for household i are

Cit +Ait = Zit + (1− ζ)(1 + rt−1)Ai,t−1 −HitΛit (1.5)

Ãit = (1 + rt−1)Ãi,t−1 +HitΛit (1.6)

where Hit denotes net transfers from the liquid to illiquid account. The household also face bor-
rowing constraints for both accounts:

Ait ≥ 0, Ãit ≥ 0. (1.7)

The two-account setup introduces a trade off: Holding assets in the liquid account insures against
idiosyncratic income shocks, but it also entails a per-period return penalty ζ(1 + rt−1). To avoid
penalties, households can keep a portion of their wealth in the illiquid account, where it earns
a higher return, but this also leaves them more exposed to negative income shocks that can push
them up against their borrowing constraints. The two-account structure also has the advantage that
it enables us to match both high MPCs and realistic income-to-asset ratios Kaplan and Violante
(2022). We provide first-order conditions and further details in Appendix A.3.

Labor Unions and Nominal Wage Rigidity We assume sticky nominal wages and demand-
determined labor as in Erceg et al. (2000) and Auclert et al. (2024). Sticky wages have been shown
to be particularly important in the context of fiscal multipliers because they help avoid countercycli-
cal profits and unrealistically large income effects on labor supply (Auclert et al., 2023; Broer et al.,
2023). We briefly present the setup here and provide a detailed derivation of the wage Phillips
curve in Appendix A.3. Each household i belongs to a labor union k. There is a continuum of
differentiated unions k, and the members of each union are representative of the entire population.
Unions set the nominal wage to maximize the utility of its members subject to quadratic adjustment
costs as in Rotemberg (1982). A competitive labor packer combines the differentiated labor services
of the unions using a standard CES aggregator. The labor packer then sells the aggregated labor
services to firms. We extend the framework to allow for partial indexation of nominal wages to
wage inflation. Optimization by the labor unions at a symmetric equilibrium leads to an aggregate
non-linear wage Phillips Curve with inertia:(

1 + πwt(
1 + πwt−1

)ιw − 1

)
1 + πwt(

1 + πwt−1

)ιw = κw
[
Ntv

′(Nt)− µw(1− θ)Zt u
′(C∗

t )
]

+ β

(
1 + πwt+1

(1 + πwt )
ιw − 1

)
1 + πwt+1

(1 + πwt )
ιw .

(1.8)

where πwt = Wt
Wt−1

−1 is the wage inflation rate, u′(C∗
t ) =

∫ e1−θ
it u′(Cit)∫
e1−θ
it di

di is the marginal utility of the

“virtual” consumption aggregate29 C∗
t , κw is the slope of the wage Phillips curve, µw is the optimal

steady-state wage markup, and ιw is the degree of wage indexation.
29The virtual consumption aggregate C∗

t summarizes how the consumption distribution across households
affects the aggregate wealth effect on labor supply.
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Firms We adopt the common two-tier production structure, in which the final good is produced
by a representative competitive firm and the intermediate goods are produced by monopolistically
competitive firms. The final goods firm uses a CES production function to combine intermediate
inputs. A continuum of intermediate goods firms own capital and hire labor to produce intermediate
goods using a Cobb-Douglas production function. The firms must pay quadratic adjustment costs to
adjust investment and nominal prices (Rotemberg, 1982). Prices are partially indexed to inflation.
The intermediate goods firms maximize profits and issue equity that earn dividends, which are held
by households in their liquid or illiquid accounts. The symmetric equilibrium yields an aggregate
nonlinear Phillips curve with partial indexation:(

1 + πt
(1 + πt−1)ι

p − 1

)
1 + πt

(1 + πt−1)ι
p = κpYt(µt − µ) +

1

1 + rt

(
1 + πt+1

(1 + πt)ι
p − 1

)
1 + πt+1

(1 + πt)ι
p (1.9)

where πt = Pt
Pt−1

− 1 is the inflation rate, rt is the real interest rate on government bonds, µt =
1

1−α
WtNt
PtYt

is the real marginal cost, α is the capital share, µ is the optimal markup in steady-state, κp

is the slope of the Phillips curve, and ιp is the degree of nominal price indexation. At the symmetric
equilibrium, two standard Q-theory equations for capital demand and investment hold:

Qt =
1

1 + rt

(
αµt+1

Yt+1

Kt
+ (1− δ)Qt+1

)
(1.10)

(gXt − 1) = δξ(Qt − 1) +
gXt+1

1 + rt
(gXt+1 − 1) (1.11)

where Xt is investment in period t, gXt = Xt
Xt−1

is the growth rate of investment, Qt is Tobin’s Q,
δ is the depreciation rate of capital, and ξ is the sensitivity of investment growth to Q. We derive
the equations for the nonlinear Phillips curve and the capital dynamics in Appendix A.3.

Financial Intermediaries There is a representative competitive bank that holds real and
nominal government bonds. The nominal bonds (“reserves”) are in zero net supply and can only be
traded by banks and the central bank. The banks maximize profits, which implies a no-arbitrage
condition for nominal and real bonds that in turn implies that the Fisher equation holds at all time:

1 + rt =
1 + it

1 + πt+1
. (1.12)

The only role of the banks in the model is to enforce this Fisher equation.

Monetary and Fiscal Policy The central bank implements monetary policy by directly set-
ting the nominal interest rate it on the nominal bonds held by banks. The monetary authority
follows a forward-looking Taylor rule with interest-rate smoothing:

it = ρiit−1 + (1− ρi)(r + ϕππt+1) (1.13)

where it is nominal interest rate at time t, r is the steady-state real interest rate at steady-state,
ϕπ is the hawkishness of the central bank, and ρi is the degree of interest-rate smoothing.30 The
fiscal authority must respect the real government budget constraint

Gt + (1 + rt−1)Bt−1 = Tt +Bt (1.14)
30We use the winding number algorithm of Auclert et al. (2021) to guarantee determinacy.



CHAPTER 1. MACROECONOMIC EFFECTS OF DEFENSE SPENDING NEWS 29

where Gt is the level of government purchases at time t, Tt is the aggregate tax revenue, and Bt is
the debt issued at time t. The fiscal authority follows the fiscal rule (Leeper, 1991):

dTt = ϕgdGt + ϕbdBt (1.15)

where dXt = Xt−X̄t is the deviation of a variable Xt from its steady-state value X̄. The coefficients
ϕy > 0 and ϕb > 0 are the responsiveness of taxes to changes in government spending and public
debt.

Equilibrium Given initial values of the nominal wage W−1, price level P−1, government debt
B−1, capital K−1, and investment X−1, and an initial distribution of households over their state
variables such the economy is initially at a steady state, and given an exogenous path of government
spending {Gt}, a perfect foresight general equilibrium is a path of prices {Pt,Wt, rt, Qt, it, πt, π

w
t }

and aggregate quantities {Yt,Kt, Nt, Ct, Xt, Tt, Bt} such that households optimize, labor unions
optimize, firms optimize, banks optimize, monetary and fiscal policy satisfy their rules, and all
markets clear. Market clearing in the goods market implies that

Ct +Xt +Gt +Ψp
t + Ξt + ζ(1 + rt−1)At−1 = Yt (1.16)

where Ct =
∫
Cit di is aggregate consumption, Ψp

t is the aggregate price adjustment costs, Ξt is the
aggregate real adjustment costs, and ζ(1+rt−1)At−1 = ζ(1+rt−1)

∫
Ait−1di are the aggregate costs

of holding liquid assets. Appendix A.3 presents a full list of equilibrium conditions and steady state
values.

Calibration We use a three-step calibration procedure. First, we externally calibrate standard
parameters such as the intertemporal elasticity of substitution, the Frisch elasticity and the slope
of the Phillips curve. We convert price adjustment frequencies to slopes using the same method
as Auclert et al. (2024). Namely, the slope equals κ = χ r+f1+r

f
1−f , where χ = 1/6 is a real rigidity

parameter taken from Auclert et al. (2024), r is the real interest rate, and f is the frequency of price
adjustment. Second, we calibrate the household block parameters β (discount factor) and λ (the
probability that a household is allowed to adjust their illiquid account) to match a quarterly MPC
of 0.2 on impact and a ratio of aggregate assets to post-tax income (A/Z) of 22.56. This quarterly
MPC target is consistent with the estimates from Johnson et al. (2006), Parker et al. (2013), and
Orchard et al. (2025) among others. Third, we internally calibrate the investment growth elasticity
(ξ), the Taylor rule (ϕπ, ρi), and the fiscal rule (ϕg, ϕb) to match our empirical impulse response
functions. Our methodology for impulse response matching closely follows Auclert et al. (2020).31

For variable k at horizon h, let Ĵk,h and Σ̂k,h be the estimated impulse responses and standard
errors from our empirical section, and Jk,h(Φ) be the model generated impulse response to the
estimated government spending shock {ĴG,h}Hh=0 for a set of parameters Φ = {ξ, ϕπ, ρi, ϕg, ϕb}. The
sum of squared errors between the estimated and model-implied impulse response functions, scaled

31Our estimate of the interest-rate smoothing parameter ρi is smaller than typically found in papers that
use monetary policy shocks to estimate the monetary policy reaction function (e.g., Coibion and Gorod-
nichenko, 2012).
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Table 1.2: Model Calibration

Parameter Description Value Source

Internally calibrated parameters:
β Discount factor 0.97 Match iMPC
λ Adjustment probability 0.4 Match income/assets
ξ Investment growth elasticity 1.69 Match empirical IRFs

(ϕπ, ρi) Taylor rule (1.20, 0.16) Match empirical IRFs
(ϕg, ϕb) Fiscal rule (0.51, 0.00) Match empirical IRFs

Externally calibrated parameters:
r Real interest rate 0.02 Standard
σ Intertemporal elasticity of substitution 1 Standard
η Frisch elasticity of labor supply 0.5 Standard

ζ(1 + r) Liquid-illiquid spread 0.02 Auclert et al. (2024)
ρe Persistence of income process log e 0.976 Floden and Lindé (2001)
σe Std. dev. of income process log e 0.92 Auclert and Rognlie (2018)
α Capital share 0.294 Standard
δ Depreciation rate of capital 0.02 Standard
θ Progressivity of income tax 0.181 Heathcote et al. (2017)
µ Steady-state price markup 1 Standard
µw Steady-state wage markup 1 Standard
κp Slope of Phillips curve 0.015 Nakamura and Steinsson (2008)
κw Slope of wage Phillips curve 0.002 Grigsby et al. (2021)
ιp Degree of price indexation 0.26 Benigno and Eggertsson (2024)
ιw Degree of wage indexation 0.55 Galí (2011)

Z/Y Ratio of income to GDP 0.5 U.S. Labor Share
A/Z Ratio of assets to income 22.56 Kaplan and Violante (2022)
K/Y Ratio of capital to GDP 9.8 Standard
B/Y Ratio of public debt to GDP 2.8 Standard
G/Y Ratio of public spending to GDP 0.2 Standard

Notes: This table describes our baseline model’s calibration. The first column gives the mathematical
representation of the calibrated parameter, the second column describes the parameter, the third column
reports the value of the calibrated parameter, and the final column reports the calibration method. The
top panel lists the internally calibrated parameters, while the bottom panel lists the externally calibrated
parameters.

by the estimated standard errors, is

SSE (Φ) =
∑
k

H∑
h=0

(Ĵk,h − Jk,h(Φ))
2

Σ̂k,h
. (1.17)

The estimated parameters Φ̂ minimize the sum of square errors, i.e., Φ̂ = argminΦ SSE (Φ) and the
minimized sum of squared errors is ŜSE = SSE(Φ̂). We estimate the parameters to match the
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Figure 1.9: Estimated and Model-Implied Response to a Defense News Shock
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation rates, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The
red dashed line is the baseline (calibrated to table 1.2) model’s response to the government spending shock
in the first panel.

impulse responses of output, consumption, investment, taxes, and the nominal interest rate up to
the 24th quarter. All variables are normalized to a government spending shock that peaks at one
percent of output. We solve the model numerically using the sequence-space Jacobian method of
Auclert et al. (2021). The externally and internally calibrated parameters can be found in table 1.2.

Effects of a Government Spending News Shock
To compare our empirical analysis with our quantitative model, we directly feed in our estimated
government spending shock {ĴG,h}Hh=0 as a government spending shock to our model. We plot the
model responses of key macroeconomic variables against our empirical findings. The first panel in
Figure 1.9 plots the estimated response of defense spending to a defense news shock. Dark blue
lines are the estimated impulse responses to a defense news shock, and the dark and light shaded
areas are the 68 and 90% confidence intervals. The red dashed line is the impulse response of our
quantitative model to the government spending shock in the first panel.

The quantitative model closely matches the estimated impulses responses of output, consump-
tion, and investment; the model generally matches the estimated responses of taxes, nominal interest
rates. The inflation rate and real wage, which are targeted, broadly match the estimated responses.
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Figure 1.10: Estimated and Model-Implied Fiscal Multiplier
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Notes: This figure plots the estimated and model implied cumulative fiscal multiplier. The sold blue lines
are our estimates of Mh in Equation (1.3) for different horizons h. The dark and light shaded areas are
the 68% and 95% confidence intervals. The red dashed line is the baseline (calibrated to table 1.2) model’s
response to the government spending shock in the first panel.

The model-implied responses of the NIPA variables mimic the hump-shaped empirical responses,
and matches their values on impact and at their respective peaks. Although the model’s output re-
sponse lies above the estimated response, Figure 1.10 makes clear that the estimated fiscal multiplier
closely matches the estimated values across the horizon.32

Role of Monetary Policy Our estimates of the Taylor rule (ϕπ = 1.2), from the IRF matching
exercise, suggest that the monetary policy response to defense spending shocks is relatively loose.
This loose monetary policy is essential to explaining the responses we find in the data and model.
To show this, we consider a more hawkish monetary policy rule (ϕHawkπ = 1.5), leaving the rest of
the calibration fixed at the baseline. This policy rule is more reactive to future inflation than the
baseline and does not smooth interest-rates. Calibrated to this more hawkish monetary policy, we
again look at the impulse responses to our estimated government expenditure shock. Figure 1.11
plots these responses. More hawkish monetary policy mutes the inflation response by amplifying
the nominal interest rate response beyond what we observe in the data. This additional rise in
the real interest rate mutes the consumption and investment responses leading to a fall in output

32Although households and firms smooth consumption and investment, the output response is not smooth.
Output partially inherits the uneven government expenditure response via the goods market clearing condi-
tion, i.e., Yt = Gt + Ct +Xt +Ψt + Ξt + ζ(1 + rt−1)At−1.
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Figure 1.11: Role of Monetary Policy
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Notes: This figure plots the estimated and model implied responses out output, consumption, and nominal
interest rates to a defense spending surprise, normalized so the defense response peaks at one percent of
GDP. The sold blue lines are our estimates of βh in Equation (1.1) for different horizons h. The dark and
light shaded areas are the 68% and 95% confidence intervals. The red dashed line is the baseline model’s
response to the government spending shock in the first panel. The green dot-dashed line is the hawkish
monetary policy (ϕπ = 1.5) model’s response to the government spending shock in the first panel.

on impact. Hazell and Hobler (2025) and Gagliardone and Gertler (2023) similarly find that loose
monetary policy is key to explaining the inflationary effects of fiscal and oil shocks. Figure A.14 in
Appendix A.4 presents the responses of all other variables of interest.

Role of Fiscal Policy The Leeper rule we estimate (ϕg = 0.51, ϕb = 0.00) indicates that a
significant proportion of defense expenditure is debt-financed. Debt-financing government expendi-
ture is essential to matching the consumption response we observe. To illustrate this importance
we consider an alterative balanced budget rule (ϕBBg = 1, ϕBBb = .00) which entirely tax finances
government expenditure. We leave the rest of the calibration at the baseline, then study the model
response to our estimated government expenditure shock. Figure 1.12 plots theses responses. The
larger tax response causes consumption to fall. Auclert et al. (2024) also find that debt financing
government expenditure is key to producing larger fiscal multipliers. Figure A.15 in Appendix A.4
presents the response of all other variables of interest.

Alternative Models Our baseline model is a two-asset HANK model with large iMPCs, nom-
inal rigidities, and significant real rigidities. To understand the impact of these three elements we
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Figure 1.12: Role of Fiscal Policy
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Notes: This figure plots the estimated and model implied responses out output, consumption, and taxes
to a defense spending surprise, normalized so the defense response peaks at one percent of GDP. The sold
blue lines are our estimates of βh in Equation (1.1) for different horizons h. The dark and light shaded
areas are the 68% and 95% confidence intervals. The red dashed line is the baseline model’s response to
the government spending shock in the first panel. The green dot-dashed line is the tax-financed fiscal policy
(with ϕg = 1) model’s response to the government spending shock in the first panel.

consider a number of alternative models that relaxes each. Ultimately, we find that all three are
necessary to match the impulses responses we estimate.

To evaluate the importance of large iMPCs we repeat our three-step estimation procedure (see
section 1.4) with a representative agent New Keynesian (RANK) model and a two-agent bonds-
in-the-utility (TABU) New Keynesian model. The former features low iMPCs while the latter can
match the iMPCs in our baseline model. The RANK model resembles the canonical DSGE model
in Smets and Wouters (2007) while the TABU model resembles the tractable HANK model in
Angeletos et al. (2024). We present these models in full and plot their impulses responses (Figures
A.16 and A.17) in Appendix A.4. We show that the HANK models is unable to match the strong
consumption response we observe, while the TABU model performs similarly to the baseline model
in matching the aggregate responses.

Nominal rigidities are essential to matching the impulses responses we observe. Both sticky
prices and sticky wages play an important role. To elucidate their impact we consider two alternative
models with flexible prices and wages. The flexible price and wage models separately feature steeper
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Phillips curves and wage Phillips curves.33 We repeat our three-state calibration procedure (see
section 1.4) and plot the impulses responses of the flexible price model (Figure A.18) and flexible
wage model (Figure A.19) in Appendix A.4. The flexible price model exhibits an excessively high
inflation and consumption response, as well as a negative real wage response. The flexible wage
model features excessive real wage, inflation, investment, consumption, and output responses.

Additional real rigidities, beyond those in the canonical NK model, are necessary to match the
estimated impulse responses to monetary policy shocks (e.g. Smets and Wouters (2007)). We also
find these DSGE-style rigidities are necessary to match the estimated responses to fiscal policy
shocks. Investment adjustment costs are crucial to matching the investment response, price and
wage indexing are key to matching the initially muted response of consumption and output. To see
this we piecewise remove these rigidities and repeat our three-state calibration procedure (see section
1.4). We plot the impulses responses of capital adjustment model (Figure A.20) and non-indexation
model (Figure A.21) in Appendix A.4. These alternative models lead to excessive responses of
consumption and output. In Appendix A.4 we conduct a number of other exercises, including
a recalibration with a larger Frisch elasticity (Figure A.23), a recalibration without interest-rate
smoothing (Figure A.22), and plotting the models response to an AR(1) government expenditure
shock (Figure A.24).

1.5 Conclusion
In this paper, we use a high-frequency identification approach to estimate the effects of government
spending on macroeconomic outcomes. We create a new instrument for defense spending by mea-
suring surprises in a stock index of major U.S. defense contractors within a narrow time window
around legislative events that communicate news about defense spending. The defense spending
surprises that we identify have large and persistent effects on actual future defense spending and
are passed through one-for-one to total government spending. Our findings indicate that govern-
ment spending stimulates private economic activity and provides empirical evidence that aggregate
fiscal multipliers can exceed one. We show that our empirical results are consistent with a standard
heterogeneous-agent New Keynesian model with non-Ricardian households and realistic marginal
propensities to consume. Representative agent models without these features struggle to generate
an increase in consumption without a counterfactual decrease in real interest rates.

33In these alterative models prices and wages are not perfectly flexible but rather feature significantly
lower nominal adjustment costs. Specifically, the slopes of the Phillips curves are ten times the baseline
calibration, i.e., κp = .15 and κw = .02, in the flexible price and wage calibrations.
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2.1 Introduction
There is a growing consensus that firms have significant power to set wages: firms that choose lower
wages do not lose all of their employees (Card, 2022). In many standard models of labor market
monopsony, firm wage setting power implies a finite labor supply elasticity, allowing researchers to
infer the markdowns of wages below firms’ marginal product of labor, and by extension, the profits
that firms earn by exploiting their wage setting power. Yet, questions remain in estimating the labor
supply elasticity and its implications for the distribution of income. First, common estimates of labor
supply elasticities between 2 and 6 imply that firms must pay significantly higher wages to become
large. In tension with this evidence, large firms pay only slightly higher wages in cross-sectional
data, and other studies find labor supply elasticities that are at least an order of magnitude higher.1

Additionally, numerous recent studies show that growing firms pay a wage premium.2 Second, there
is a puzzle regarding profits: commonly used low labor supply elasticities imply implausibly large
profit shares of income in the aggregate.3 Further, many monopsony models abstract from recruiting
activity and assume that the only way firms can expand is by offering higher wages. In this article,
we therefore ask: if firms can spend on recruiting, what is the long-run labor supply elasticity they
face, and how large are the profits that result from their wage-setting power?

To answer these questions, we develop an on-the-job search model in which firms attract workers
on two margins: higher wages and recruiting expenditure. Workers have idiosyncratic preferences
over firms, and the presence of both search frictions and these preferences gives firms wage-setting
power: firms that choose lower wages do not immediately lose all their workers. Firms can recruit
new workers by spending on recruiting activity, and the number of matches a firm generates in a
period increases in both its recruiting expenditure and its stock of incumbent workers. In the short
run, the firm faces diminishing returns from its recruiting expenditure, and so in response to a
positive demand shock for its output, the firm offers higher wages to increase the number of hires
from a limited pool of workers matched to the firm. Consequently, firms pay high wages when they
are growing. However, in the long run, a greater number of incumbents in the firm eases recruiting,
which reduces the incentive to pay high wages to generate more hires. If the firm’s recruiting
function has constant returns to scale, then the optimal wage in steady state is the same regardless
of the firm’s size, resulting in an infinite long-run labor supply elasticity. We then show in closed
form that in steady state, the recruiting cost-adjusted wage markdown is tightly related to this
long-run labor supply elasticity: if firms’ long-run labor supply curve is elastic, then the recruiting
cost-adjusted wage markdown is equal to one, and the gap between wages and the marginal product

1Sokolova and Sorensen (2021) provide a meta-analysis of two broad approaches to estimating labor
supply elasticities that provide dramatically different estimates. Matsudaira (2014) finds that nursing homes
subject to employment level mandates did not increase wages. Bloom et al. (2018) show that the firm-size
wage premium had declined dramatically in the United States. We similarly show in Denmark that the wage
premium at large firms is trivial in Appendix B.4.

2See Schmieder (2023), Tanaka et al. (2023), and Carrillo-Tudela et al. (2023). Engbom et al. (2023)
find that conditional on capital and productivity, large firms do not pay higher wages.

3Quoting Manning (2021), pg 11: “The low estimated wage elasticity of the labor supply curve implies
that employers have a lot of monopsony power: If this power is exercised, it is not clear how it can be
reconciled with observed levels of the profit share."
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is entirely consumed by recruiting expenditure. Thus with constant returns to scale in recruiting,
monopsony rents are dissipated by the costs incurred to acquire workers.4

Next, we estimate the parameters of the recruiting cost function and the long-run inverse labor
supply elasticity using the effect of idiosyncratic export product demand shocks on the paths of firm
employment levels, firm hiring rates, and wages, as implied by our model. In particular, we study the
wage growth for job switchers around firm-level export demand shocks using Danish administrative
matched employer-employee and trade data (Hummels et al., 2014). We focus on the wage growth
of switchers, rather than the wage response of stayers: while firms may be incentivized to share rents
with incumbent workers in response to shocks to improve retention (Kline et al., 2019; Garin and
Silvério, 2024; Carvalho et al., 2024), the response of stayer wages in our model is not informative
about firms’ long-run labor supply elasticity. We find that in response to export demand shocks,
a firm’s employment level, hiring rate, and wage growth of the firm’s newly hired job switchers
increase on impact. This is consistent with diminishing returns to recruiting effort, as firms resort
to offering high wages to increase hiring among a limited pool of potential workers. We also show
that the effect of the demand shock on a firm’s employment level is persistent: firms are larger for
years following the export demand shock. Crucially, however, workers who switch into the shocked
firm in the years following the trade shock, when the firm is larger but is no longer rapidly hiring,
do not see any additional wage growth relative to workers who were hired prior to the shock. This
is consistent with a labor supply curve that is elastic in the long run: the firm has increased in size
but pays similar wages as when the firm was smaller. Together, these results are consistent with
diminishing returns to recruiting expenditure in the short run, but an elastic labor supply curve in
the long run.

To evaluate the extent of monopsony profits in a setting with labor market concentration, we
then extend the model to consider non-atomistic firms and strategic interactions in the presence
of a recruiting margin, using our estimates of the recruiting cost parameters. Firms compete ac-
cording to an extended version of Bertrand competition, where firms solve their problems taking
their competitors’ wage and vacancy choices as given. We show that increasing the labor market
concentration so that the labor market Herfindahl-Hirschman Index (HHI) increases from 0 to an
empirically realistic level of 0.1 (Berger et al., 2022) lowers wages relative to the marginal product
by a modest 2.5 percent economy-wide. Because markdowns are not very wide, the output losses
from markdown dispersions are similarly modest: Reallocating labor to equalize marginal products
would increase output by only 0.6 percent.

Lastly, we demonstrate the profit puzzle: in a model with standard labor supply elasticities
but no recruiting margin, and otherwise standard values for price markups and the elasticity of
output with respect to capital, the profit share of income is 10–15 percentage points too high, and
the labor share of income is 10–15 percentage points too low, relative to national accounts data in
rich countries. We show that if firms have a recruiting function that exhibits constant returns to
scale and face an elastic long-run labor supply curve, then the puzzle can be reconciled: Our model
matches aggregate profit and labor shares while maintaining realistic price markups over marginal
cost. Due to the modest effects of labor market concentration on the labor share, our model can
still match the labor share in a setting with both recruiting costs and labor market concentration.

4This result that a constant returns to scale recruiting function makes the firm’s labor supply curve
elastic is a familiar result from Manning (2003), Kuhn (2004), Manning (2006).
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Our finding of elastic firm-specific labor supply curves and small profits from monopsony power
contrasts with three separate strands of the monopsony literature that use different methods to
estimate labor supply elasticities, all finding elasticities in the range of 2–6. Simple models dynamic
monopsony based on Manning (2003) infer labor supply elasticities from the elasticities of recruiting
and separation rates to wages but assume no recruiting margin. Our model nests these simple models
and allows for an elastic labor supply curve due to firms’ ability to spend on recruiting, taking as
given this literature’s empirical estimates of recruiting and separation elasticities. Relative to papers
that estimate labor supply curves using the effect of demand shocks on firm size and wages (such as
Lamadon et al. (2022), Seegmiller (2021) and Chan et al. (2023)), we find similar employment and
wage responses of stayers to shocks, but we find more elastic labor supply curves when we use the
wages of new hires, as suggested by our model. Finally, relative to models with Cournot competition
in the labor market and no recruiting margin (such as Berger et al. (2022)), our model with Bertrand
competition and recruiting results in higher labor supply elasticities, more compressed markdowns,
and less misallocation from markdown dispersion for a given level of labor market concentration.
On the whole, our results still point to a labor market with a substantial rents: Our evidence is
consistent with wages that are around 8% below marginal product and a marginal hiring cost of
a worker that corresponds to 4–6 months of wages. However, our results suggest that competition
among firms, via recruiting expenditure, limits the extent to which these labor-market rents translate
into aggregate profits.

One theoretical contribution we make is that our environment has random on-the-job search
and firm wage setting, but there is a point mass of wages in equilibrium when firms and workers are
ex-ante homogeneous, in contrast to Burdett and Mortensen (1998). Like Albrecht et al. (2018), we
achieve this by workers having horizontally differentiated preferences over workplaces, but unlike
much of the existing monopsony literature, we make these differentiated preferences time-varying.
Our paper shares with Heise and Porzio (2022) the combination of firm wage setting, on-the-job
search, and idiosyncratic non-wage preferences. Our paper differs in its focus on the recruiting func-
tion, relating to existing objects in the monopsony literature, and estimating parameters through
out-of-steady-state response to shocks. Berger et al. (2024) combine idiosyncratic preferences with
on-the-job search and bargaining. Our paper differs by assuming wage posting and provides closed-
form expression for markdowns inclusive of recruiting costs and cleanly nests dynamic monopsony
models Manning (2003). Our paper differs from Gottfries and Jarosch (2023) by including idiosyn-
cratic worker preferences and a richer recruiting cost function. Our paper differs from all three of
the previous papers by providing novel causal empirical evidence and estimating model parameters
using that causal evidence, with a specific focus on tractably nesting dynamic monopsony models
as in Manning (2003) and matching aggregate factor shares.

Our findings have implications for the labor search literature. In many structural labor search
models with multi-worker firms and linear production technologies, firm size is pinned down by
a convex recruiting cost function (e.g. Acemoglu and Hawkins (2014)). These models exhibit
the same puzzle of wide markdowns (inclusive of recruiting costs) because they share the feature
with monopsony models that the marginal cost of labor is increasing with firm size. Instead, we
present evidence for a recruiting cost function that is homogeneous of degree one where larger firm
size improves matching rates (Coles and Mortensen, 2016; Burdett and Vishwanath, 1988; Gouin-
Bonenfant, 2022; Kuhn, 2004). The result is that firms’ steady-state marginal cost of labor does
not increase with firm size.
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The paper is organized as follows. Section 2.2 lays out the model of dynamic monopsony with
atomistic firms and decomposes marginal product into wages, recruiting costs, and labor market
profits. Log-linearizing the firm’s problem, we show that new hire wages are a function of current
and future hiring rates and employment levels. Section 2.3 presents the empirical evidence on the
wage growth of switchers around firm export demand shocks in Denmark and estimates the key
parameters in the recruiting cost function. Section 2.4 extends the model to include labor market
concentration and addresses the question of aggregate profit and labor shares. Section 2.5 concludes.

2.2 Monopsony with Recruiting: Atomistic Firms
In this section, we present our model of monopsony with recruiting, in which atomistic firms set
wages and choose how much to spend on recruiting. We define the equilibrium and characterize
firms’ steady-state wage and employment policies. We decompose the marginal product of labor
into the shares spent on wages and recruiting and the share retained by firms as profits. We show
that this decomposition depends on (i) the sensitivity of recruiting and separation to firm wage
policies and (ii) the parameters of firms’ recruiting cost function. In particular, if firms have a
constant returns to scale recruiting function, they face a perfectly elastic labor supply curve in
the long run, and the marginal product fully exhausted by wages and recruiting costs. We show
that the parameters of the firm’s recruiting cost function—and, by extension, the firm’s long-run
labor supply elasticity—can be estimated from the paths of firms’ new-hire wages, hiring rates, and
employment levels in response to idiosyncratic product demand shocks. Section 2.3 describes the
empirical implementation.

Setup
Time, Agents, and Local Labor Markets Time is discrete, and the model will later be
calibrated to monthly frequency. There is a unit mass of both workers i and firms j. Firms are
atomistic in the sense that they have zero mass and the choices of any individual firm have no
effect on aggregates, and firms employ a measure of workers. Workers can be either employed or
unemployed and supply one unit of labor when employed. There is a large number M of local labor
markets indexed by m. Where possible, we will disregard the m subscripts and focus on one local
labor market at a time since there is no labor mobility across markets.

Search Environment and Contract Space Firms and workers match in a frictional labor
market, and matching is random. Workers search with probability one when unemployed and with
probability λEE ∈ [0, 1] when employed. Workers receive an amount b > 0 from home production
when unemployed, and workers can quit into unemployment if they are not matched with an outside
job. Firms post wages and are subject to two constraints. First, firms must pay all workers within a
cohort the same wage. That is, there is a firm-by-tenure pay equality constraint. As a consequence,
firms cannot make individual counter-offers to workers. Second, firms are required to pay at least
the posted wage to a given cohort of workers as long as those workers are in the firm.5 Thus, for a

5This can be rationalized by pay transparency laws that require employers to post wages that are similar
to what will be paid in the future.
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cohort of workers hired by firm j in period s, firms face the constraint wj,s,t ≥ wj,s,s ∀t ≥ s, where
wj,s,s is the minimum wage that firm j committed to in period s, and wj,s,t is the wage paid in
period t to workers hired in period s. The total number of workers in the firm, Nj,t, is the sum of
all workers from each past cohort still remaining in the firm: Nj,t =

∑t
s=−∞Nj,s,t, where Nj,s,t is

the number of workers hired in period s that still remain in the firm by period t.
Let Ut be the unemployment rate in period t, so the share of employed workers is 1 − Ut.

Firm j’s effective recruiting activity in period t is Vj,t, and aggregate recruiting activity is given by
V̄t =

∫
j Vj,tdj. Workers separate exogenously into unemployment at rate s0. Labor market tightness

is defined as the ratio of vacancies to searchers, θt ≡ V̄t/St, where St ≡ (1−Ut−1)(1−s0)λEE+Ut−1.
The share of searchers who are unemployed is ΦU,t = Ut−1/St, and the share of searchers who are
employed is the complement ΦE,t = 1 − ΦU,t. Total matches M(V̄t,St, ) is a constant returns to
scale function of aggregate recruiting activity and searchers. Searching workers match with firms
with probability f(θt) ≡ Mt

St
, and a firm that exerts Vj,t units of recruiting activity matches with

Vj,tg(θt) workers, where g(θt) = Mt

V̄t
. We restrict to functions with f(θt) ∈ [0, 1].

The timing within a period is as follows. The economy inherits the unemployment rate Ut−1

from the previous period, and each firm j inherits a number of workers from each past cohort
Nj,s,t−1, where each cohort has its own cohort-specific minimum wage wj,s,s. At the beginning of
the period, exogenous separations occur at rate s0, and those workers cannot search this period.
Then firms choose their wage schedule {wj,s,t}s≤t and recruiting activity Vj,t, and matching occurs,
which determines the employment levels Nj,t and unemployment rate Ut for period t. Workers who
are not matched may quit into unemployment. At the end of the period, firms produce and pay
wages.

Workers
Workers get indirect flow utility from wage income w and discount at rate βw. A worker hired
in period s by firm j has value Vj,s,t in period t. When choosing between two jobs at firms j
and k, workers draw idiosyncratic preference shocks for each job ιi,j,t from a Type-1 extreme-value
distribution with scale parameter γ. The worker then chooses the job that offers the highest utility,
solving

max{Vj,s,t+1 + ιi,j,t+1,Vk,t+1,t+1 + ιi,k,t+1}.
If workers are not exogenously separated and are not choosing between jobs, the worker may volun-
tarily quit into unemployment. In this case, workers do not receive idiosyncratic preference draws.
The worker’s value Vj,s,t of working at firm j solves

Vj,s,t =
η

η − 1

(
w

η−1
η

j,s,t − 1

)
+ βws0VU

+ βw(1− s0)Et
[
λEEf(θ)

∫
υk γ

−1 log
(
exp(γVj,s,t+1) + exp(γVk,t+1,t+1)

)
dVk

+ (1− λEEf(θ))max{Vj,s,t+1,VU}
]
, (2.1)

where VU is the value of unemployment, and υk is the density of values associated with the posted
wage distribution, with distribution Υ(V). Because we solve for a stationary equilibrium, the
variables VU , θ, and υk do not have time subscripts, and

∫
υk dk = 1.
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The timing assumptions embedded in equation (2.1) are as follows: workers produce and receive
wage payments at the end of the current period. At the beginning of the next period, workers are
exogenously separated with probability s0. With probability 1 − s0, workers retain the option to
keep their job. Next, workers are allowed to search on the job with probability λEE . Conditional
on searching, workers match with a hiring firm with probability f(θ). The density of expected
valuations at other firms Vk is υk. Conditional on having matched, workers choose which job offers
the highest utility, taking into account the expected future income and the idiosyncratic preference
draw. Conditional on having matched with a firm where the expected value is Vk, the probability
that the worker who started at firm j in period s accepts the outside offer in period t is

P[worker at firm j switches to firm k] =
exp (γVk,t,t)

exp (γVj,s,t) + exp (γVk,t,t)
.

The higher the value of γ, the more sensitive workers are to differences in values across firms when
choosing jobs. Finally, workers who are unemployed have the following value function6

VU =
η

η − 1

(
b
η−1
η − 1

)
+ βwEt

[
f(θ)

∫
Vk≥VU

υkVk,t+1,t+1dVk + (1− f(θ))VU
]
.

Firms
Production Firm j in the local labor market m produces a tradable intermediate good Yj,m,t.
Competitive final goods bundlers produce a final good using a CES production technology: Yt =(
A

−1
t

∑M
m=1

∑J
j=1Aj,m,t Y

ϵ−1
ϵ

j,m,t

) ϵ
ϵ−1

where A−1
t = 1∑M

m=1

∑J
j=1 Aj,m,t

.7 We assume that local labor

markets m are sufficiently large that firms do not take into account their effect on the product
market.

We will focus on a single local labor market and for now drop the m subscripts. Firms pro-
duce with a Cobb–Douglas production technology with Yj,t = Kα

j,tN
1−α
j,t using capital Kj,t and

the measure of workers Nj,t, with α ∈ [0, 1). We normalize the price level so that firms face an

isoelastic product demand function each period of the form Pj,t = Aj,tY
− 1

ϵ
j,t , where the product

demand elasticity is −ϵ, and Aj,t = Aj + aj,t is a firm-specific product demand shifter that consists
of a permanent component Aj and a potentially persistent shock aj,t. aj,t evolves according to
aj,t = G(aj,t−1) + zj,t, where G() is deterministic and known to firms and workers, and zj,t occurs

with probability 0 for each firm each period. In total, the firm’s revenue is Aj,t
(
Kα
j,tN

1−α
j,t

) ϵ−1
ϵ .

Firms can rent capital elastically at rate rK . Firms may differ in Aj,t and cj , but χ, σ, and α are
common parameters.

Worker Flows Firms choose wages period by period, subject to the constraint that the wage is
at least the minimum wage posted for each cohort. Firms know that paying higher wages increase

6We assume that workers do not take preference draws when matching with jobs from unemployment.
Assuming so would not change our core results.

7This is equivalent to nested CES where the elasticities of substitution of the inner and outer nests are
both ϵ.
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worker values, and higher worker values increase the rate of recruiting workers and slow the rate
of workers separating. Let R(Vj,t,t) be the number of hires per unit of recruiting activity Vj,t, with
R′(Vj,t,t) > 0. The value function has two t subscripts because workers who are hired by this firm
in period t will have a cohort identifier s = t. Also let S(Vj,s,t) ∈ [0, 1] be the share of incumbent
workers hired in period s and still employed by that firm at the beginning of period t who separate
from the firm, with S′(Vj,s,t) < 0. We assume that firms employ a continuum of workers, so there
is no uncertainty in a given period about how many workers will be hired or separated conditional
on the firm’s recruiting activity and worker values. The recruiting rate is

R(Vj,t,t) = g(θ)

(
ΦE

(∫
ϕk

exp (γVj,t,t)
exp (γVj,t,t) + exp (γVk,s,t)

dk

)
+ΦU1{Vj,t,t ≥ VU}

)
, (2.2)

where ϕk is the density of values that workers are employed at, with
∫
ϕk dk = 1 and distribution

Φ(V). The separation rate is

S(Vj,s,t) = s0 + (1− s0)

(
λEEf(θ)

∫
νk

exp (γVk,t,t)
exp (γVj,s,t) + exp (γVk,t,t)

dk

+ (1− λEEf(θ))1{VU > Vj,s,t}
)
, (2.3)

where νk is the density of posted values, with
∫
υk dk = 1 and distribution Υ(V), as before. Note

that R(·) and S(·) do not have time subscripts because there are no aggregate shocks, and we will
only solve for a stationary equilibrium.

Recruiting Cost Function Firms begin every period with Nj,t−1 incumbent workers and can
choose a level of effective recruiting activity Vj,t. Let Cj,t be firm j’s expenditure on recruiting in
period t. The recruiting function can be expressed in two ways:

Cj,t = cj

(
Vj,t
Nj,t−1

)χ
Nσ
j,t−1Vj,t ⇔ Vj,t = cj,0 C

1
1+χ

j,t N
χ−σ
1+χ

j,t−1 (2.4)

where σ is unrestricted, χ ≥ 0, and cj,0 ≡ c
−1/(1+χ)
j . χ determines how much marginal recruiting

costs increase with the recruiting rate Vj,t/Nj,t−1, while σ governs how firm size affects recruiting
costs directly, given the recruiting rate. We will use “effective recruiting activity” and “vacancies”
interchangeably, as Vj,t is intended to capture all possible activities that firms can engage in to
match with more workers. These activities could include instructing current employees to share
with their social network that the firm is hiring, recalling former employees, putting help-wanted
signs in stores, paying for online job postings, attending career fairs, etc. The assumption behind
our recruiting function is that firms rationally choose the least cost per unit of effective recruiting
first, and firms choose more expensive forms of recruiting when the cheaper forms of recruiting are
exhausted.8 The second way of formulating equation (2.4) shows that effective recruiting activity

8Prior research distinguish between vacancies and recruiting intensity Davis et al. (2013) and more
recently by Gavazza et al. (2018) and Mongey and Violante (2025). We sidestep this distinction, as our
measure of “effective recruiting activity” is a reduced-form composite of all possible recruiting activities.
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Vj,t is a function of two inputs, expenditure and firm size. The recruiting function exhibits constant
returns to scale if σ = 0: doubling both firm size and recruiting expenditure doubles the amount of
recruiting activity and doubles the number of matches.9 If χ > 0, then the firm faces diminishing
returns to recruiting expenditure Cj,t for a given firm size Nj,t−1.

Firm’s Problem Firms maximize the present discounted value of revenue less wage, capital,
and recruiting costs, with discount factor βf . Because firms are only subject to idiosyncratic MIT
shocks to the demand shifter Aj,t, we can write the firm’s problem in terms of certainty equivalence.
Given cohort-level employment {Nj,s,−1}s≤−1, and the history of posted wages {wj,s,s}s≤−1, firms
solve

max{
Vj,t, Kj,t, Nj,t, {Nj,s,t}s≤t, {wj,s,t}s≤t

}∞

t=0

∞∑
t=0

βtf

(
Aj,t

(
Kα
j,tN

1−α
j,t

) ϵ−1
ϵ −

t∑
s=−∞

wj,s,tNj,s,t − rKKj,t − cj

(
Vj,t
Nj,t−1

)χ
Nσ
j,t−1Vj,t

)
(2.5)

subject to

Recruiting: Nj,t,t = R(Vj,t,t)Vj,t ∀ t (2.6)
Retention: Nj,s,t = (1− S(Vj,s,t))Nj,s,t−1 ∀ t and s < t (2.7)

Sum of cohorts: Nj,t =
t∑

s=−∞
Nj,s,t ∀ t (2.8)

Wage at least posted wage: wj,s,t ≥ wj,s,s ∀ t and s ≤ t, (2.9)

where (2.1), (2.2), and (2.3) are the worker’s value function, the recruiting rate, and the separation
rate, respectively. For simplicity, we will focus on the limiting case where firms do not discount
(βf → 1) for the remainder of the paper.10

Stationary Equilibrium
A stationary equilibrium consists of a mass of searchers S, labor-market tightness θ, an unemploy-
ment rate U , distributions of values across employed workers Φ(V) and across vacancies Υ(V), an
employment policy {N∗

j,s,t}s≤t, a wage policy {w∗
j,s,t}s≤t, and a recruiting policy {V ∗

j,t} such that
(i) firms maximize profits, (ii) workers maximize utility, and (iii) worker inflows and outflows bal-
ance each period. We focus on equilibria with two desirable properties. First, in steady state, firms
choose a constant wage profile for each cohort: wj,s,t = wj,s,s for all t ≥ s.11 Second, firms of a given

9Modeling matches as increasing in firm size is supported by evidence that many hires are done through
referrals and social networks: see Burks et al. (2015), Caldwell and Harmon (2019), and Dustmann et al.
(2016).

10We show in Appendix B.6 that when this model is calibrated to standard monthly parameters, the
discount factor is quantitatively unimportant for profits.

11Specifically, it is optimal for firms to choose a fixed wage profile under the belief that workers expect
firms will revert to the posted wage if firms deviate. See Coles (2001) and Manning (2025) for wage setting
without commitment and Stevens (2004) for contracting with commitment.



CHAPTER 2. MONOPSONY WITH RECRUITING 45

type, characterized by their firm-specific parameters (Aj , cj), have a unique optimal steady-state
wage.

Constant wages arise as an equilibrium result from two factors: (i) firms have more monopsony
power over incumbents than over matched workers who have not accepted a job yet, and (ii) firms are
constrained to pay at least the posted wage. Firms have greater monopsony power over incumbent
workers because many incumbent workers are not searching on the job in any given period and have
only unemployment as an outside option. In contrast, many potential new hires are searching on
the job and have their current job as an outside option. Once workers accept a job and become less
mobile, firms would find it profitable to renege and cut wages. Since the wage-posting constraint
prevents this, the best remaining option for firms is to pay constant wages.12 We verify numerically
that firms have no incentive to deviate from a constant wage path in steady state under a wide
range of plausible parameter values,13 and we prove it formally for a special case in Section 2.2.

Now that we restrict to a stationary equilibrium with constant wage–tenure profiles (so wj,s,t =
wj,s,s for all t ≥ s), we can define a firm’s recruiting and separation elasticities, which are the
objects of interest in the dynamic monopsony literature (Manning, 2003; Bassier et al., 2022) and
are respectively denoted εR,wj and εS,wj . The recruiting elasticity is εR,wj ≡ R′(wj)wj

R(wj)
, where the

derivative of the recruiting function R′(wj) = ∂R
∂Vj

∂Vj

∂wj
is taken under the mutual expectation by

both workers and firms that the wage will be constant throughout the duration of the employment
relationship. Analogously, the separation elasticity is defined as εS,wj ≡ S′(wj)wj

S(wj)
with S′(wj) =

∂S
∂Vj

∂Vj

∂wj
, where S′(wj) captures how a cohort’s separation rate responds to the posted wage. When

posting a wage, the firm takes into account that paying a higher wage will accelerate the filling of
a vacancy and reduce the rate of separations for that cohort of workers. Faster hiring and slower
separations reduce the number of vacancies Vj the firm needs to post, decreasing its recruiting costs.
The firm’s optimal steady-state wage satisfies

wj = cj(1 + χ)

(
S(wj)

R(wj)

)1+χ (
εR,wj − εS,wj

)
Nσ
j . (2.10)

Since S′(w) < 0 and S(w) > 0, the separation elasticity is negative, εS,w < 0. The steady-state
ratio of vacancies to employment takes the form

Vj
Nj

=
S(wj)

R(wj)
. (2.11)

Together, equations (2.10) and (2.11) demonstrate that the firm trades off wage costs and
turnover costs: a higher wage means that the firm will post fewer vacancies in steady state, de-
creasing recruiting costs. Conversely, a low wage implies higher steady-state turnover costs. We
can define the sum of recruiting and (negative) separation elasticities as

E(wj) ≡ εR,wj − εS,wj .

12The alternative strategy is to back-load wages: post a low starting wage and raise wages later for
incumbents. However, since firms cannot credibly commit to future wages above the posted minimum,
workers anticipate reversion to the posted wage. Back-loading is therefore a costly way to increase retention
and is not desirable for the firm.

13We verify that parameterizations that match the empirical unemployment rate, job-to-job transition
rate, vacancy rate, and recruiting and separation elasticities generate flat wage-tenure profiles in equilibrium.
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For presentation purposes, we will suppress the argument (wj), and simply write this sum of
elasticities as Ej . The optimal steady-state level of employment for firm j is

Nj =

(
ϵ−1
ϵ (1− α)Aj

wj

)ϵ(
wj
rK

α

1− α

)α(ϵ−1)( Ej(1 + χ)

1 + Ej(1 + χ) + σ

)ϵ−α(ϵ−1)

. (2.12)

Finally, the second convenient property that emerges from this model is that, under a broad
range of reasonable parameterizations, ex-ante identical firms have a unique and identical profit
maximizing wage. If all firms are ex-ante identical, then the equilibrium features a point mass
of wages. This stands in contrast to the famous result in Burdett and Mortensen (1998), that,
with on-the-job search and ex-ante homogeneous workers and firms, the equilibrium must contain
wage dispersion. As in Albrecht et al. (2018), we achieve this by workers having horizontally
differentiated preferences over workplaces. This means that even if all firms are ex-ante identical
and pay a common wage, workers will have non-degenerate outside value distributions. This means
that the probability that a worker leaves a given job is a smooth function of their current wage and
a competing outside wage, creating a smooth trade-off for firms between wage costs and turnover
probabilities. If identical firms are facing the same smooth trade-off, then all firms will choose the
same wage, generating the point mass of wages in equilibrium.14 15 Wage dispersion can arise in
equilibrium from variation in hiring costs cj or variation in Aj when σ ̸= 0.

Characterizing Ej ≡ εR,wj
− εS,wj

The equilibrium values of each firm’s recruiting and sepa-
ration elasticities depend on many equilibrium objects, including the firm’s wage, the distribution
of earned wages, the distribution of posted wages, the typical duration of employment, and the
unemployment rate, all of which are complex functions of parameters. The parameter that most
influences the recruiting and separation elasticities is γ, the parameter that governs the variance of
the Type-1 extreme value preference draws. When γ is higher, the variance of these draws is lower,
making relative wages more important in workers’ decisions to move across firms, which makes
workers more wage sensitive and raises εR,w and −εS,w all else equal, and vice-versa. Empirical
evidence (Bassier et al., 2022; Datta, 2023; Sokolova and Sorensen, 2021) tends to find recruiting
and separations elasticities to be around 2 and -2, respectively, with the sum typically around 4.
When calibrating the model, we treat γ as a free parameter to make εR,w − εS,w close to 4.

Decomposing the Marginal Product
At the firm level, we decompose the marginal product of labor into the shares that go towards
wages, recruiting costs, and profits. The expressions of these shares are reported in Table 2.1. Each

14We verify numerically that no frictional wage dispersion is an equilibrium result for reasonable param-
eters values. The no-dispersion equilibrium can break down when the variance of preference draws becomes
sufficiently small (i.e., γ becomes sufficiently large). However, this typically requires a sum of recruiting and
separation elasticities over 10, far above the empirically estimated range. We prove unique optimal wages
for the special case outlined in Section 2.2 in Appendix B.7.

15In addition to helping with tractability, idiosyncratic preference draws allow for workers to voluntarily
take wage cuts when moving between jobs (Sorkin, 2018; Hall and Mueller, 2018) in any equilibrium with
wage dispersion.
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Table 2.1: Decomposing Marginal Product into Wages, Recruiting Costs, and Profits

Outcome Definition Formula

Wage share
of MRPL

wj
MRPLj

(1 + χ)Ej
1 + (1 + χ)Ej + σ

Recruiting cost
share of MRPL

Cj/Nj

MRPLj

1

1 + (1 + χ)Ej + σ

Labor market profit
share of MRPL

MRPLj − wj − Cj/Nj

MRPLj

σ

1 + (1 + χ)Ej + σ

Inverse labor
supply elasticity εwj ,Nj

≡ ∂ logwj/∂ logAj

∂ logNj/∂ logAj

σ

1 + (1 + χ)Ej − εEj ,wj

Recruiting cost-adjusted
wage markdown

wj + Cj/Nj

MRPLj

1 + (1 + χ)Ej
1 + (1 + χ)Ej + σ

Notes: This table shows the wages, recruiting cost, and labor market profit shares of marginal product, the
recruiting cost-adjusted markdown, and the inverse labor supply elasticity. Analogous results for the general
βf case can be found in Appendix B.6. Recruiting cost per worker is defined as Cj/Nj ≡ cj

(
Vj/Nj

)1+χ
Nσ

j =
Cj/Hj × Sj , which is equivalent to the costs per hire times the separation rate, where Hj is the number of
hires with Hj ≡ Rj × Vj .

expression depends on the sum of recruiting and separation elasticities Ej and the recruiting cost
parameters χ and σ. The first three rows of the table simply represent a decomposition: what
share of marginal product is spent on wages, spent on per worker recruiting, and what remains. We
label the share of marginal product that is left after accounting for wage and recruiting costs “labor
market profits.”16

The fourth row in Table 2.1 repots the inverse labor supply elasticity, which shows the elasticity
of the optimal wage with respect to the firm’s optimal employment level in response to a permanent
change in firm specific product demand Aj . Within the inverse labor supply term is a super-elasticity
εEj ,wj , which is the elasticity of Ej with respect to wj . This super-elasticity captures that the sum
of recruiting and separation elasticities may change with the wage. The final term in the table is

16Note that the marginal benefit of hiring a worker includes the present discounted value of future marginal
products, as well as lower costs of future recruiting. Firms equalize the marginal benefit and marginal cost of a
hire, which can be expressed as the following when firms do not discount: w

S +(1+χ)C/VR = MRPL
S − (σ−χ)C/N

S .
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Figure 2.1: Wage Bill, Recruiting Costs, and Marginal Product

(a) Standard Monopsony: σ = χ→ ∞ (b) CRS Recruiting: σ = 0

Notes: This figure shows the marginal product, marginal cost, and labor supply curves for firms with different
recruiting functions. Panel (a) shows a firm in a standard monopsony model with no recruiting function,
equivalent to σ = χ and σ, χ → ∞ in our model. The firm’s marginal cost line lies above the firm’s labor
supply curve, and the wage lies below marginal product when the marginal product curve and marginal
cost curve intersect. Panel (b) shows a firm with a constant returns to scale recruiting function. For this
firm, the optimal wage is the same regardless of firm size, and the share of recruiting costs in total costs is
also constant across different choices of steady state firm size. The wage lies below marginal product at the
optimum, with the gap entirely absorbed by recruiting costs.

the recruiting cost-adjusted wage markdown, which is the share of marginal product that is spent
by the firm on wages and recruiting.17

Two parameterizations are of particular interest. The first is the limiting case in which the
recruiting margin is shut down as a choice variable. This occurs when σ = χ and σ, χ → ∞.
Plugging these parameter values into Table 2.1, we obtain the standard dynamic monopsony model
without a recruiting margin, where the labor supply elasticity εNj ,wj = Ej ≡ εR,wj − εS,wj , the firm
spends nothing on recruiting, and the wage markdown is Ej

1+Ej . Thus, our model with a recruiting
margin nests standard models of dynamic monopsony without a recruiting margin as a special case,
including static models of monopsony without a recruiting margin. Figure 2.1a depicts this standard

17In our base case, we assume that recruiting costs are an expenditure that accrues to labor income. An
alternative is that recruiting costs are subtracted from output, in which case the recruiting cost-adjusted
wage markdown would be w/(MRPL − recruiting costs per worker). A third alternative is that recruiting
effort may divert labor away from productive activity, such that labor inputs are N − cV 1+χN−(χ−σ), which
we explore in Appendix B.8. These different assumptions do not affect our core results.
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case graphically: the firm’s marginal cost curve lies above the labor supply curve, and the marginal
product intersects marginal cost at a point where wages are below marginal product.

The second parameterization of interest is σ = 0, in which hiring costs depend only on the
recruiting rate (vacancies per worker, V/N) and not directly on firm size. This parameterization
implies an inverse labor-supply elasticity of zero and that the recruiting-cost–adjusted wage mark-
down equals 1: even though wages lie below marginal product, the gap between wages and the
marginal product is entirely absorbed by recruiting costs. This is depicted in Figure 2.1b. Within
this σ = 0 case, there are two sub-cases: χ > 0 and χ = 0. In the former case, marginal hiring costs
increase with the recruiting rate (V/N), which encourages higher wages and discourages vacancy
posting, pushing up the wage share of marginal product and pushing down the average recruiting
cost per worker. Under χ = 0, recruiting costs are linear in the number of vacancies.

In Appendix B.13, we consider common amenities, amending the model so firms can invest in
amenities but cannot spend on recruiting. We show that these models are not isomorphic if there
are exogenous separations (s0 > 0), leaving a distinct role for recruiting.18

Evidence on Recruiting Costs
Our emphasis on recruiting costs raises a natural question: are recruiting costs large enough to
account for the difference between wages and marginal products, and is there evidence of diminishing
returns to recruiting expenditure?

To begin, the ratio of wages to marginal product implied by a model with recruiting can be
much closer to 1 than would be implied by a dynamic monopsony model without a recruiting
margin. As a consequence, the level of recruiting costs does not need to be large in order for the
recruiting cost-adjusted markdown to be equal to 1. To see this, consider the evidence that the
sum of recruiting and separation elasticities E ≡ εR,w − εS,w is typically estimated to be around 4
(Bassier et al., 2022; Datta, 2023; Sokolova and Sorensen, 2021). In a model without a recruiting
margin (σ = χ, σ, χ→ ∞), this would imply a wage share of marginal product equal to E

1+E = 0.8.
Consider instead a different benchmark of a constant returns to scale recruiting function (σ = 0)
but firms face convexity in recruiting costs as a function of vacancies per incumbent, with χ = 2
as proximately the value that we estimate for χ. In that case, holding fixed the recruiting minus
separation elasticities E ≡ εR,w − εS,w = 4, the ratio of the wage to marginal product becomes

E(1+χ)
1+E(1+χ)+0 ≈ 0.92. Thus, a higher value of χ pushes wages closer to marginal product, holding
εR,w − εS,w fixed.

When interpreting evidence on turnover or hiring costs, it is important to distinguish between
average and marginal hiring costs. In our setting, the marginal hiring cost equals (1 + χ) times the
average hiring cost. Evidence on average hiring costs suggests they are moderate: Manning (2011)
surveys the literature and Dube et al. (2010) document average hiring costs of around 2-5% of the
wage bill. Blatter et al. (2012) find the average cost of replacing skilled workers to be 10–17 weeks
of salary. Michaillat and Saez (2024) argue that servicing a vacancy requires approximately one full-
time worker. In terms of marginal hiring costs, Muehlemann and Pfeifer (2016) find that marginal
hiring costs are increasing, consistent with χ = 1.3. Bloesch and Weber (2023) find evidence of

18While spending on amenities may increase the desirability of a job, better amenities does not help a firm
match with more workers. With exogenous separations, the firm must have a finite and positive long-run
labor supply elasticity, as worker inflows are bounded by the number of matches each period.
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congestion in onboarding software developers, consistent with convex costs in the rate of training
new workers. Evidence on separation costs, and by implication the marginal cost of a hire, tends to
be larger: Kline et al. (2019), Jäger and Heining (2022), Bertheau et al. (2021), and Bloesch et al.
(2022) all point to separation costs of 1–3 years of a workers’ wages using worker deaths, though
deaths may be significantly more costly than replacing a worker after a typical quit.19 Models that
calibrate an object like χ in order to match empirical relationships between vacancy rates and hiring
rates imply values of χ between 1 and 8 (Davis et al., 2013; Kaas and Kircher, 2015; Gavazza et al.,
2018; Mongey and Violante, 2025).

Our model has strict implications for the present value of a match to a firm and the level of
marginal hiring costs in steady state. Given the expressions for wages and recruiting costs in Table
2.1, the recruiting expenditure per incumbent each period in steady state is w

E(1+χ) . In steady state,
the number of hires equals the number of separations SN , so the recruiting expenditure per hire is

w
SE(1+χ) . Given the convexity parameter χ, the marginal hiring cost equals (1+χ) times the average
cost per hire, so the marginal hiring cost is w

SE . Therefore, with E = 4 and a monthly separation
rate between 0.04 and 0.06,20 this would imply a marginal hiring cost per hire of around 4–6 months
of wages. To be consistent with evidence on the level of hiring costs, this would imply a value of χ
roughly between 1 and 3, which is consistent with our estimates in the next section.

Wage and Employment Responses to Product Demand Shocks
In this section, we derive the response of wages to idiosyncratic firm demand shocks, which we use
in Section 2.3 to estimate the recruiting cost parameters χ and σ, and by extension estimate the
inverse labor supply elasticity εw,N and the share of marginal product retained as profits.

We consider how a firm’s optimal wage responds to an idiosyncratic shock to zj,t, i.e., an
idiosyncratic product demand shock. Define hj,t as the firm’s hiring rate (hires per incumbent):
hj,t ≡ Vj,tR(Vj,t,t)/Nj,t−1. We log-linearizing the firm’s problem around each firm’s steady state,
denoting percent deviation from steady state using tildes. The firm’s optimal deviation of new hire
wages from steady state w̃t is

w̃t =
1

Ω

(
εR,w

εR,w − εS,w
(χh̃t + σÑt−1) (2.13)

+
−εS,w

εR,w − εS,w

(
S

∞∑
κ=0

(1− S)κ(−(1 + χ)εR,ww̃t+κ+1 + χh̃t+κ+1 + σÑt+κ)

))

where Ω = 1 +
εR,w

εR,w−εS,w (−ξR,w − εS,w + (1 + χ)εR,w) +
−εS,w

εR,w−εS,w (−ξS,w − εS,w). The ξ terms are

super-elasticities: ξR,w ≡ ∂εR,w

∂w
w

εR,w
and ξS,w ≡ ∂εS,w

∂w
w
εS,w

, which capture how the recruiting and
19We consider hiring costs that do not vary with wages or labor market tightness, such as training costs,

in Appendix B.9. For these costs, higher wages save turnover costs only by preventing separations, resulting
in more weight on the separation elasticity and less weight on the recruiting elasticity when setting wages.

20The rate of worker flows across firms is similar Denmark and in the US. Caldwell and Harmon (2019).
Bagger et al. (2022) find that the monthly separation rate in Denmark is around 6.6 percent. The total
monthly job separation rate from the Job Opening and Labor Turnover Survey (JOLTS) in the US averages
between 3 and 4 percent.
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separation elasticities change with the firm’s choice of wage. These super-elasticities ξR,w and ξS,w
are not quantitatively important, and the model can be calibrated such that they are of opposite
sign and similar in magnitude, canceling each other out.

The coefficient on the hiring rate is increasing in χ: when firms face diminishing returns to
recruiting expenditure, matching with an additional worker becomes more costly. Given a limited
pool of matched workers, firms raise wages to accelerate hiring, and this incentive is stronger when
the marginal match is more expensive. Thus, a higher χ amplifies the firm’s optimal wage response
for a given hiring target. The coefficient on firm size is increasing in σ: a higher value of σ means
that hiring costs increase with firm size, when holding the vacancy rate fixed; thus, leading to a
higher optimal wage with larger firm size.

The intuition for identification is that in response to an idiosyncratic demand shock, the firm
will respond with a path of wages, hiring rates, and employment levels. Identification of χ and σ will
come from whether the wages of new hires co-vary with the hiring rate or the firm’s employment
level. That is, if wages are related to (recent and future) firm size, then that is evidence that
σ > 0. If instead the wage of new hires co-moves with the hiring rate but not firm size, then that is
evidence that χ > 0 but σ = 0. Lastly, if wages of new hires do not change at all as the firm hiring
rate and employment level move around, then that is evidence that χ = 0 and σ = 0. Differing
variation in hiring rates and employment arises because hiring is a flow, which responds quickly to
a shock, while firm size is a stock, which lags. In the next section, we will estimate the empirical
impulse responses of switcher wage growth, hiring rates, and employment levels at exporting firms
to idiosyncratic firm export demand shocks in Denmark, and we will use these results to estimate
χ and σ.

Discussion: Switcher vs. Stayer Wages Equation (2.13) notably does not include stayer
wages. This is in contrast with much of the existing monopsony literature, which focuses on the
wages of stayers. In our model, the response of stayer wages to demand shocks is not informative
for estimating χ and σ. To illustrate this, we will discuss our assumptions on stayer wages in the
model. In equation (2.9), we specified that firms pay at least the posted wage. This means that in
response to a shock, stayer wages may rise, but stayer wages may also return back to their prior
level if firms hire new workers and bring the marginal product of labor back down. We specified
the constraint this way because it will be consistent with the temporary response of stayer wages
to demand shocks in Section 2.3.

However, we could have specified incumbent wages to be downwardly rigid, so that stayers have
permanent wage changes in response to demand shocks. Even under this different assumption, the
response of stayer wages would not be informative for estimating χ and σ. Consider the following
scenario: in response to a demand shock, incumbents receive permanently higher wages. With
higher wages, these incumbents turn over more slowly, decreasing the number of hires the firm
needs to make. Once the demand shock fades, the firm has a below steady-state separation rate,
allowing the firm maintain its size with a below steady-state recruiting and hiring rate. This would
be mean that the firm could offer new hires lower wages, and with marginal workers being relatively
cheap, the firm would find it optimal to have above steady-state employment and below steady-
state marginal product of labor. In total, this example would result in elevated wages for stayers,
even while the marginal product of labor falls below its steady state level, with wages potentially
above marginal product. All the while, equation (2.13) still holds, and the path of stayer wages is
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irrelevant for estimating χ and σ, conditional on the path of total employment, the hiring rate, and
new hire wages. Thus, our model assumption on stayer wages does not influence our estimation
of χ and σ. Moreover, the realized path of stayer wages and their retention rates do not add any
information for the purpose of estimating χ and σ, since the retention behavior of stayers is implied
by the firm’s employment level and hiring rate.

Special Case: Isoelastic Labor Supply Curves
We now highlight a highly tractable special case that closely relates our model to existing models
of monopsony.

Proposition 1. If workers have log utility over consumption (η → 1), there are no exogenous
separations (s0 = 0), workers fully discount the future (βw → 0), and σ is not too negative, then
there exists a unique stationary equilibrium such that:

1. firms’ optimal wage is constant in steady state,

2. ex-ante identical firms pay a common wage, and

3. the recruiting elasticity minus the separation elasticity Ej ≡ εR,wj − εS,wj is constant and is
equal to γ for any wj.

Proof: See Appendix B.7. This case is particularly useful because when we shut down the recruiting
margin (σ = χ and σ, χ→ ∞), the model in steady state is isomorphic to static models where firms
face an isoelastic residual labor supply curve, as is the case in Lamadon et al. (2022) without
amenities, in Card et al. (2018) when b = 0 (in their notation), in Berger et al. (2022) when firms
are atomistic, and in Manning (2003) when all firms have the same labor supply elasticity. By
nesting this common special case, we can more clearly isolate how introducing a recruiting margin
generates different implications relative to this important benchmark for markdowns and profits
from wage setting power. We will also use this special case of log utility, myopic workers, and no
exogenous separations in our exercise with concentration in Section 2.4, as the closed-form results
with labor market concentration will depend on firms having no exogenous separations.

2.3 Empirical Evidence and Parameter Estimation
In this section, we estimate the effect of persistent firm-level export demand shocks on Danish
manufacturing firms’ employment, hiring rates, and the wage growth of job switchers and stayers.
This exercise allows us to estimate the key parameters of our model: the recruiting cost function
parameters, χ and σ, and the inverse labor supply elasticity, εw,N . We then use our estimates of σ
and χ in our section on the labor market oligopsony and the profit puzzle in Section 2.4.

Data
We construct an annual employer-employee matched dataset using Danish administrative data for
the period 2001-2019. The administrative datasets we use are maintained by Statistics Denmark.
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For workers’ employment history and wages, we use the registers in the Integrated Database for
Labor Market Research (IDA), which reports workers’ earnings, hours worked, occupation, employer,
and demographic information. We add information about the workers’ education from the education
register (UDDA). We link the labor market data with firm characteristics from the Danish business
register (FIRM), including revenue, employment, and NACE industry classification. We measure
employment in full-time equivalents (FTEs) throughout, and we use two-digit industry codes in
our baseline analysis. We use customs and trade data from two sources to construct our firm-
level export demand shocks, in two steps. First, we obtain data on the goods exports of Danish
firms by product and destination country from the customs data register (UHDM). We use 4-digit
Harmonized System (HS) product codes. Second, we use data on international trade flows from
the United Nations Comtrade database to measure each country’s imports by product and partner
source country.

Sample Our main estimation sample is a panel of exporting manufacturing firms. We drop ob-
servations with less than 5 employees or revenue below DKK 1 million. In our baseline regression
specification, we control for lags of the export demand shock. Including lagged values imposes a
balance requirement on our sample: firms must be observed in the data for at least five consecu-
tive years: the year of the shock and the four preceding years. To maintain a consistent sample
throughout the paper, we restrict further slightly by including only firms that have non-missing
export demand shocks each of the 4 years prior to the shock. Our baseline sample thus includes
shocks in years 2006–2019.

The estimation sample consists of 22,453 firm-year observations with 2,961 unique firms. We
report descriptive statistics in Table 2.2. Denmark is a small and very open economy, so most
manufacturing firms are exporters, and our sample includes many small- and medium-sized firms.
The median firm size is 38 employees, but the distribution is heavily right-skewed with mean em-
ployment at 114 employees and several firms of considerable size at the very top. The firms in our
sample produce multiple products and export to multiple countries. On average, firms export 13
different products (at the level 4-digit HS codes) and export to 8 destination countries.

Table 2.3 reports summary statistics for the sample of workers who switch into our sample
of export manufacturing firms. The sample is 70% male, and the typical worker has 14 years
of education and is 42 years old. The average hourly wage is 208.9 DKK/ hour (approximately
$30/hour), and the average worker sees an hourly wage change of 4.7 log points when changing
jobs. There are 115,228 unique individuals switching jobs in our sample and 131,973 switcher-year
events.

Construction of Export Demand Shocks
Our goal is to estimate the recruitment cost parameters χ and σ, which, in turn, will be informative
about the inverse labor supply elasticity εw,N . For this purpose, we need a firm-specific product
demand shock that is persistent and plausibly exogenous.

We construct shift-share export demand shocks to Danish exporting firms drawing on Hummels
et al. (2014). The idea is that Danish exporters are differentially exposed to changes in foreign
demand depending on the products they export and the countries they export to. The shift-share
shock variable consists of exposure shares and foreign demand shifters. We construct the demand
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Table 2.2: Firm Summary Statistics

Mean Median 10th Percentile 90th Percentile

Employment (FTE) 114.1 37.6 10.0 200.6
Revenue (DKK Mn) 333.8 61.0 13.9 465.0
Exports (DKK Mn) 130.6 20.3 0.9 211.5
Export destinations 17.4 13.0 2.0 39.4
Exported products (4-digit HS) 13.0 8.0 2.0 28.5
Hiring Rate 18.9 15.5 2.9 37.8
Switcher Wage Growth 3.9 3.7 −15.6 23.2

Observations 22,453
No. of firms 2,961

Notes: Sample is exporting manufacturing firms observed in 2006–2019. Employment is measured in full-
time equivalents (FTE). Revenue and exports are in DKK millions. “Export destinations” counts dis-
tinct destination countries; “Exported products” counts distinct 4-digit HS product lines. “Hiring rate”
is Hj,t/Nj,t−1, where Hj,t are new hires in year t (workers on the firm’s November payroll in t, not
employed by the firm in t − 1 or t − 2, and with ≥ 50 hours in t). “Switcher wage growth” is the
firm-year mean two-year log wage change for new hires who worked at another firm two years earlier:
∆ logwswitcher

j,t = 1
|switchersj,t|

∑
i∈switchersj,t

(
logwi,j,t − logwi,k,t−2

)
. Percentiles are across firm-year obser-

vations; “Observations” counts firm-years and “No. of firms” counts unique firms in the estimation sample.

Table 2.3: Switching Worker Summary Statistics

Mean Median 10th Percentile 90th Percentile

2 Year Log Wage Growth 5.9 4.7 −21.4 33.3
Wage (kr/hr) 208.9 190.6 134.1 299.6
Educ Years 14.4 14.0 11.0 18.0
Age 41.8 42.0 29.0 54.6
Share Male 0.7

Observations 131973 No. of workers 115228

Notes: Sample includes job switchers (workers moving from employer k to j) in 2006-2019 who are full-time
(≥ 1, 400 annual hours) at both the prior and new employer. “2-year wage growth” is logwi,j,t − logwi,k,t−2.
“Wage (kr/hr)” is hourly earnings in Danish kroner. “Educ Years” comes from the education registry; “Age” is
in years; “Share Male” is the fraction male. Percentiles are across worker-level switch events; “Observations”
counts worker-year switches and “No. of workers” counts unique individuals.
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shifters as follows. For each country-product pair, we compute the world import demand WIDc,p,t,
which is country c’s imports of product p from all countries excluding Denmark. We then compute
the one-year change in log world import demand d logWIDc,p,t ≡ logWIDc,p,t − logWIDc,p,t−1, for
each country–product–year cell.

A Danish firm j is exposed to a shift in foreign demand d logWIDc,p,t if they export product p
to country c. We define the exposure shares as

ωj,c,p,t−1 =
exportsj,c,p,t−1

revenuej,t−1
,

which captures how exposed firm j’s total revenue is to changes in foreign demand for a given
country-product pair (c, p). We measure the shares in the previous year. Finally, we combine the
shares and the shifters to construct our firm-level shift-share export demand shock:

zj,t =
∑
c,p

ωj,c,p,t−1d logWIDc,p,t.

If firms have domestic sales, then the shares do not add up to one when we sum across countries
and products. Instead, they add up to the (lagged) export share of revenue,

Ωj,t−1 =
∑
c,p

ωj,c,p,t−1.

If the export share of revenue varies across firms in a way that is correlated with unobservables,
then our estimates will be biased. To deal with this problem, we follow Borusyak et al. (2022)
and control for the sum of the export shares. Specifically, since our main specification includes
industry-by-year fixed effects, we control for the interaction between the industry-year fixed effects
and the lagged export share Ωj,t−1.

Idiosyncratic Export Demand Shocks A potential concern is that the export demand
shocks may not be completely idiosyncratic due to global product shocks. Imagine there is a global
increase in demand for a specific product p′. All Danish firms that export this product will be
affected, and if these firms compete for workers in the same local labor market, then wages may
rise more than if only one firm was hit by a truly idiosyncratic shock. If our industry classification
is a good approximation of the local labor markets that firms hire in, then industry-by-year fixed
effects can absorb the common component of the shocks. However, it is difficult to know whether
this is the case in practice. To isolate the idiosyncratic component of the export demand shock, we
carry out a decomposition of the demand shifters proposed by Garin and Silvério (2024). We can
write the shifters as

d logWIDc,p,t = d logWIDp,t︸ ︷︷ ︸
common component

+
(
d logWIDc,p,t − d logWIDp,t

)︸ ︷︷ ︸
idiosyncratic component

,

where d logWIDp,t ≡ 1
|C|
∑

c∈C d logWIDc,p,t is the mean change in log world import demand across
countries (with C denoting the set of destination countries, excluding Denmark). In other words,
we decompose the foreign demand shifter in year t into a product fixed effect and a residual. The
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Figure 2.2: Export Demand Shock Autocorrelation and Revenue Response

(a) Trade Shock Autocorrelation (b) Response of Log Revenue to Trade Shock

Notes: Panel (a) shows the coefficients from a regression of a trade shock in period t + ν on a trade shock
in period t, controlling for industry-by-year fixed effects. The coefficient on the current shock zt is 1 by
construction. Standard errors are clustered at the firm level. Panel (b) plots the effect of 100 log point
predicted increase in revenue on a firm’s log revenue. A predicted 100 log point export demand shock
increases revenue by 30 log points on impact, with a peak response of 40 log points the year after the shock.
The effect on revenue mostly fades three years after the shock.

product fixed effect is the “common component”, which reflects global changes in demand for p. The
residual term is the “idiosyncratic component” of the shifter, which captures changes in the demand
for a product p from a destination country c relative to the global average change in demand for p.
The decomposition is

zj,t =
∑
p

ω̄j,p,t−1d logWIDp,t︸ ︷︷ ︸
≡ zcommon

j,t

+
∑
c,p

ωj,c,p,t−1

(
d logWIDc,p,t − d logWIDp,t

)
︸ ︷︷ ︸

≡ zidiosyncraticj,t

,

where ω̄j,p,t−1 ≡ ∑c∈C ωj,c,p,t−1 are product exposure shares. We then winsorize the idiosyncratic
export demand shocks at the 1st and 99th percentiles in each year.

Shock Diagnostics Figure 2.2 shows the diagnostics of our idiosyncratic export demand shock.
Figure 2.2a reports the results of regressing the leads and lags of the shock on the time t shock,
including industry-by-year fixed effects. These shocks exhibit minimal autocorrelation (Dhyne et al.,
2025).

Figure 2.2b estimates the effect of an idiosyncratic export demand shock on firm log revenue
using local projections (see equation Section 2.3 and equation (2.14) for a discussion of the specifi-
cation). The export demand shocks predict increases in actual revenue: a 100 log point predicted
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increase in revenue on average results in a 40 log point increase in actual revenue as shown in Figure
2.2b. On average, export demand shocks are relatively small: the standard deviation of shocks is
0.046. This means that in a typical year, an exporting firm experiencing a one-standard deviation
shock in export demand should expect actual revenue to increase by around 2 percent.

Firm Responses to Export Demand Shocks
Outcome Variables The firm-level outcome variables we consider are log revenue, log employ-
ment, the hiring rate, and the wage growth of job switchers and job stayers. We denote revenue
by Rj,t. Our measure of firm-level employment Nj,t is the number of full-time equivalent (FTE)
employees. We define the hiring rate as

hj,t ≡
Hj,t

Nj,t−1
,

where Hj,t is the number of new hires by firm j in year t. A new hire is defined as a worker who is
employed at the firm in November of year t but not in either of the two preceding years. We also
require that the new hire worked at least 50 hours at the firm in year t.

A job switcher at firm j at time t is a new hire who was employed at a different firm in the
previous two years. We define switcher wage growth for firm j in year t as the average wage growth
of the arriving job switchers:

∆ logwswitcher
j,t ≡ 1

|switchersj,t|
∑

i∈switchersj,t

(logwi,j,t − logwi,k,t−2),

where k denotes the prior employer in t−2 of the job switcher. We measure wage growth using
two-year differences because the annual frequency of the labor market data makes it difficult to
know exactly when job transitions are made within a year.

Empirical Specification We estimate the dynamic response to a firm-level export demand
shock using reduced-form panel local projections (Jordà, 2005b). The export demand shock occurs
in year t, and we will measure the response of the firm-level outcome variables from t− 4 to t+ 3.
Our main regression specification is

yj,t+ν − yj,t−1 = βyνz
idiosyncratic
j,t + δyνXj,t + uyj,t+ν (2.14)

for each horizon ν ∈ [−4, 3], where the long-differenced outcome variable yj,t+ν − yj,t−1 is either
log revenue (logRj,t+ν − logRj,t−1), log employment (logNj,t+ν − logNj,t−1), or the hiring rate
(hj,t+ν − hj,t−1). Because firms can have zero hires in a year, we leave the hiring variable in levels
and convert to elasticities later. The control vector Xj,t includes three lags of the export demand
shock, the contemporaneous value and three lags of the common shock (as the idiosyncratic and
common shocks are negatively correlated mechanically, see Garin and Silvério (2024)), firm fixed
effects, industry-by-year fixed effects, and industry-by-year fixed effects interacted with the sum
of the lagged export share (Borusyak et al., 2022). We estimate a similar regression for the wage
growth of job switchers, except we do not difference the wage growth variable, as the panel of the
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switcher wage growth is unbalanced and requiring a non-missing value for ∆logwswitcherj,t−1 would
greatly reduce sample size. We estimate

∆ logwswitcher
j,t+ν = βwν z

idiosyncratic
j,t + δwν Xj,t + uwj,t+ν (2.15)

for each horizon ν ∈ [−4, 3]. Standard errors are clustered at the firm level.

Results We plot the response of the firm employment level, hiring rate, and wage growth of
switchers in Figure 2.3.21 Panel (a) shows the response of employment and switcher wage growth.
The solid circles show the effect of this shock on employment, and the hollow triangles report the
effect on the wage growth of switchers, where each point represents a different cohort of new hires
each year. Conditional on the sequence of shocks from t− 3 to t− 1, firms with different values of
shocks in period t have similar pre-trends in both the level of employment and in the wage growth
of workers who switched into the firm. On impact, an export demand shock that predicts a 100
log point increase in predicted revenue increases a firm’s employment level by approximately 15 log
points. The effect peaks a year later, with a response of 22 log points. After this, the effect on
employment decreases, with employment approximately returning to its pre-shock level three years
after the shock. For switcher wages, in the year of the shock, job switchers who move into firms that
have a 100 log point export demand shock receive 11 log points higher wage growth than workers
who arrive at a firm with a 0 percent export demand shock. However, in the years after the shock,
when the firm is larger but is no longer growing, the wage growth of newly hired switchers is similar
to or lower than what switcher wage growth was before the shock occurred.

Panel (b) of Figure 2.3 reports the path of firms’ hiring rate and reprises the path of switcher
wage growth. On impact, the hiring rate increases by 10 percentage points. Since the average hiring
rate is 18.9 percentage points, a 10 percentage point increase corresponds to a 53 percent increase
on impact.

Importantly, these figures show that firms pay higher wages to new hires when firms are growing,
but not necessarily when firms are large. At t = 0, when firms are initially shocked, firms pay high
wages when they are growing and rapidly hiring. This is consistent with diminishing returns in
hiring (χ > 0). By t = 1, firms are larger than before the shock, but the hiring rate and the
switcher wage growth are similar to pre-shock levels. These results are also consistent with an
elastic labor supply curve (σ = 0): as long as firms are not rapidly hiring, large firms do not pay
higher wages. Our results differ dramatically from static models of monopsony, which would predict
that wages would remain above its steady state level as long as the level of the firm’s employment
is above its steady state.

In Appendix B.2, we estimate the effect of export demand shocks on the raw average log wage
of newly hired switchers, both in the year that the workers arrive and workers’ wage two years prior
at their previous firm. Estimates are noisy, suggesting that differencing switcher wages removes
highly variable worker fixed effects. The evidence in Appendix B.2 suggests that the composition
of switchers, based on their wage prior to switching firms, did not significantly change in response
to the export demand shocks.

21We align the samples so that the coefficient on firm employment level and switcher wage growth within
each time horizon reflects the same sample. However, this means that not every horizon has exactly the
same sample, as not every firm makes a full time hire of a switcher each year. The sample for each horizon
has between 10,157 and 15,539 firm-year observations.
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Figure 2.3: Response of Firm Employment, Hiring Rate, and Switcher Wage Growth to
Export Demand Shocks

(a) Employ. Level, Switcher Wage Growth (b) Hiring Rate, Switcher Wage Growth

Notes: The figure plots the path of the firm employment level, firm hiring rate, and wage growth of switchers
in response to a 100 log point predicted increase in revenue due to an export demand shock in period t. The
blue circles in Panel (a) show that firms increase employment by approximately 15 log points on impact,
with a peak effect of 22 log points the following year. The hollow red triangles show the effect of the period
t trade shock on the wage growth of different cohorts of arriving switchers. Workers who switch into the
firm in period t experience wage growth that is 11 log points greater than workers who switch into a firm
that is not shocked. However, workers who switch into the shocked firm in subsequent years receive similar
or smaller wage increases than workers who arrived prior to the shock. Panel (b) shows that hiring increases
by 10 percentage points on impact, while future hiring rates are similar to or below the hiring rates prior
to the shock. With an average hiring rate of 18.9 percentage points, a 10 percentage point increase in the
hiring rate is equivalent to a 53 percent increase in the hiring rate in the year of the shock.

Robustness We now address a number of potential concerns with our empirical strategy. First,
the composition of new hires may change in response to the shock. In particular, when hiring
accelerates, firms may shift toward younger workers, who typically experience faster wage growth
than older workers. Such compositional shifts can mechanically raise estimated wage growth for
switchers. In Appendix B.3, we address this by residualizing switchers’ individual wage growth
using standard Mincerian controls and then averaging the residuals at the firm–year level. This
adjustment has only modest effects, as shown in Figure B.3a.

Second, firms may selectively hire from high- or low-wage firms when expanding. We address
this by estimating firm wage effects using the standard two-way fixed effects (AKM) method (Abowd
et al., 1999), and include the estimated firm effects when residualizing workers’ wages. This adjust-
ment has only very small effects, as shown in Figure B.3b in Appendix B.3.22

22In Appendix B.14, we allow for heterogeneity in worker types and let firms set wages per efficiency unit.
Our model can thus be consistent with firms having time-varying, log-additive wage effects for workers of
different types, justifying the inclusion of AKM firm fixed effect controls when residualizing switchers’ wages.
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Third, rapidly expanding firms may relax hiring standards and hire workers who are less qualified
than their usual hires. This can bias measured wage changes upward during expansion, conflating
a wage premium with occupational upgrading. To address this, we compute market-wide average
wages by occupation. Then, when constructing residualized wage changes for workers, we include
as a control the difference between the average wages of the worker’s prior and new occupation.
This adjustment has only very small effects, as shown in Figure B.3c in Appendix B.3.

Fourth, an idiosyncratic shock to a large firm may affect the local labor market, violating the
Stable Unit Treatment Value Assumption (SUTVA)—no interference across units and no multiple
versions of treatment. In general, we are not concerned that this materially affects our results: the
standard deviation of the shock is 0.046 log points, implying approximately a 1 percent increase in
employment in the second year. The median firm in our sample has fewer than 40 employees, so
a typical shock generates fewer than one additional full-time-equivalent employee after two years.
This is a very small shock in the local labor market, so we assume SUTVA holds. However, as a
robustness check, we estimate responses of employment and wages for small firms with log full-time-
equivalent employment less than four (approximately 55 full-time-equivalent workers) and report
the results in Figure B.3d in Appendix B.3. We find broadly similar results: employment rises on
impact and remains elevated for a few periods, while switchers’ wage growth increases on impact
but declines once the firm is no longer expanding.

Lastly, firms may be hiring from other firms that are also affected by the shock, particularly
when typical hires come from competing firms or similar industries. If the shock does not perfectly
isolate idiosyncratic demand shifts, expanding firms may hire from similarly affected firms. To
address this, we reconstruct the wage-growth measure using only hires from non-exporting firms
and report the paths of employment, hiring, and switcher wage growth in Figure B.3e and B.3f. We
find a nearly identical pattern: switchers’ wage growth rises and falls with the hiring rate, while
employment remains elevated even after switchers’ wage growth returns to pre-shock levels.

Firm-by-Cohort AKM Interpretation In the model, the wage variable w̃ is the percent
deviation from steady state wage of new hires in response to shocks to Aj , and we abstracted from
heterogeneity in worker types. However, in the data, job switchers are of course heterogeneous. We
generalize our model in Appendix B.14 so that workers have heterogeneous productivity (efficiency
units). If workers have log flow utility, then firms choose to pay all worker types a common wage per
efficiency unit of labor. In response to demand shocks, firms will raise the wage per efficiency unit
of labor to all workers proportionately. w̃ can therefore be interpreted as the percent deviation from
steady state of the firm’s wage per efficiency unit of labor, which is log additive with heterogeneous
worker fixed effects. This is like an AKM decomposition, except that the firm wage effects are
cohort specific.

The empirical analogue to w̃ will be regression coefficients βwν , which represent how firm de-
viations in new hire wage rates vary with the size of export demand shocks. In addition to the
standard strict exogeneity assumption that worker-firm match effects are uncorrelated with mobil-
ity decisions, interpreting βwν as an unbiased estimate of w̃ also requires that worker-firm match
effects are uncorrelated with export demand shocks. Additionally, the wage effects of firms that
workers leave must either be uncorrelated with export demand shocks or controlled for, which we do
by residualizing for prior firm AKM effects, as discussed in the previous section. For more details
on extending the model to have worker heterogeneity, see Appendix B.14. We discuss the mapping
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of the estimated empirical coefficients βwν to model objects w̃ in the next section and in Appendix
B.1.

Stacked Regression Next we estimate a truncated version of the impulse responses in a stacked
regression. We use these estimates in the next subsection when we estimate our structural parame-
ters χ and σ, residualizing for worker demographics as described in the first robustness check in this
section. Specifically, we stack the dependent variables in equations (2.14) and (2.15) and estimate
the regression jointly. This imposes that all variables are non-missing, which particularly binds for
the switcher wage growth variable, shrinking the sample size. The results are reported in Table 2.4.
The estimates are similar to those in Figure 2.3.

Table 2.4: Estimated Coefficients from Stacked Regression

β̂w0 β̂w1 β̂w2 β̂h0 β̂h1 β̂h2 β̂N0 β̂N1 β̂N2

0.141 0.016 -0.002 0.146 0.025 -0.042 0.158 0.251 0.176

Observations: 8,384

Notes: This table reports the estimated coefficients from a stacked regression of equations (2.14) and (2.15)
for horizons ν ∈ [0, 2], which jointly estimate the responses of switchers’ wage growth, the hiring rate, and
firms’ log employment level to idiosyncratic export demand shocks.

These regression coefficients {βhν }, {βwν } and {βNν } will used as the empirical analogues of the
model’s log-linearized firm responses to shocks {w̃t}, {h̃t} ,{Ñt} from equation (2.13). See Appendix
B.1 for how these objects map into each other.

Estimating the Recruitment Cost Function Parameters
In the previous section, we estimated the causal effect of an idiosyncratic export demand shock on
the path of firm employment levels, hiring rates, and switcher wage growth. In this section, we use
the results to estimate our model parameters of interest χ and σ and to obtain estimates for the
inverse labor supply elasticity and profit share of marginal product.

We estimate the recruitment parameters χ and σ using minimum distance estimation. Our esti-
mation strategy involves plugging empirical estimates into a model-derived equation that describes
how the variables are related, and then choosing parameter values to minimize the sum of squared
errors of that expression.23 Define π as the sequence of the firm’s log linearized choice variables:
π ≡ [w̃t w̃t+1 ... h̃t h̃t+1 ... Ñt Ñt+1 ...]′. These variables are the model objects that describe
the response of the firm’s choice variables to a product demand shock in period t in terms percentage
deviations from steady state. The empirical analogue π̂ ≡ [β̂w0 β̂w1 ... β̂h0 /h̄ β̂h1 /h̄ ... β̂N0 β̂N1 ...]

23Estimating the parameters using standard indirect inference would be challenging, as the large state
variable of past committed wages for each cohort of workers makes simulating the model difficult.
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is the estimated response of the corresponding variables in the data to an identified idiosyncratic
demand shock (scaling the hiring rate by h̄ to express it in percentage deviations).

Equation (2.13) describes how the endogenous variables are related to each other in response to
a shock in the model. This equation provides infinitely many conditions, as wt depends on Nt−1,
period t variables, and future variables; wt+1 depends on Nt, period t + 1 variables, and future
variables, and so on. We truncate this infinite sequence of equations to T conditions and express
them as

f(π, χ, σ,Θ) ≡ A(σ, χ,Θ)π = 0, (2.16)

where A(σ, χ,Θ) is a matrix with elements composed of σ, χ, and endogenous model objects Θ ≡
{S, εR,w, εS,w, ξR,w, ξS,w} that turns the conditions of equation (2.13) into a T equation linear system.

The estimation of χ and σ depends on the endogenous model objects in Θ, which potentially
creates a fixed point problem: χ and σ are parameters that, in equilibrium, partially determine
the endogenous variables in Θ needed to estimate χ and σ. Fortunately, this problem is easily
addressed in two steps. First, we choose common values for the objects in Θ directly, setting
εR,w = −εS,w = ξS,w = −ξR,w = 2 and S = .05. Given these values, we can estimate χ and σ.
Then we calibrate the remaining parameters so that the model in equilibrium delivers our chosen
values of endogenous outcomes Θ while also using our estimated values of χ and σ. There are
many calibrations that satisfy this procedure, including the calibration in Section 2.4 as well as in
Appendix B.12, so we will not have to take a stance on a specific calibration here.

Using our chosen values of Θ, we plug in for π with π̂ from Table 2.4 and choose σ and χ to
minimize a quadratic loss function

min
σ,χ

f(π̂, σ, χ,Θ)′f(π̂, σ, χ,Θ). (2.17)

The parameters are just identified if T = 2. Intuitively, identification of χ and σ comes from the
different timing of the responses of hiring and employment. χ is primarily influenced by the co-
movement of wages with the hiring rate, and identification of σ comes from the residual variation
of wages with employment that hiring cannot explain. We provide detailed steps in Appendix B.1.

One technical issue is that our model is best calibrated at a monthly frequency (to limit time
aggregation bias), while our empirical results are annual. We discuss how we map our annual
empirical estimates into the monthly model in Appendix B.1. Broadly speaking, we assume that
hires are evenly distributed within a year, and we assign each annual estimate of π̂ into 12 periods of
corresponding model “months”. We use the first three years of estimated responses (years 0-2) and
truncate the infinite sum in equation (2.13) such that switcher wages depend on future variables at
most one year in advance. Converting to a monthly linear system gives 24 “months” of equations
that depend on 9 estimated annual variables in π̂, making A(σ, χ,Θ) a 24× 9 matrix. A(σ, χ,Θ) is
thus constructed such that the wages of a worker hired earlier within a year (suppose year 0) place
greater weight on β̂h0 and less weight on β̂h1 than the wages of a worker hired later in year 0.

Table 2.5 reports the point estimates for σ, χ, and the inverse labor supply elasticity εw,N . We
estimate σ = 0.009, χ = 2.21, and the inverse labor supply elasticity εw,N = 0.001. To characterize
the uncertainty of our estimates, we construct a distribution of estimates by sampling from the
variance-covariance matrix of coefficients, fitting σ and χ to minimize (2.17) for each draw. The
10th and 90th percentiles of estimates for χ are 0.79 and 3.95, respectively. The 10th and 90th
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Table 2.5: Fitted Parameters χ and σ and Inverse Labor Supply Elasticity εw,N

Parameter χ σ εw,N

Estimate 2.21 0.009 0.001
10th percentile 0.79 -2.63 -0.18
90th percentile 3.95 3.33 0.27

Notes: This table reports point estimates and the 10th/90th percentiles for χ, σ, and the implied inverse
labor supply elasticity εw,N obtained via minimum-distance estimation.

percentiles of estimates for the inverse labor supply elasticity are −0.18 and 0.27, respectively. We
report distributions of the estimates in Appendix B.1.24

Worker-Level Regressions for Switchers and Stayers
In Section 2.3, we focused on the path of new hire wages across arrival cohorts of workers. Three
natural questions arise. First, are workers who switch into expanding firms on different wage
trajectories? Second, are the wage effects for new hires persistent after moving firms? Third, how
do the wages of job stayers respond? To answer these questions, we estimate the path of individual
worker wages for both new hires and stayers in an event study specification. First, we find that
workers who switch into positively shocked firms do not have significantly different pre-trends than
comparable workers who switch into firms that receive a zero shock. Second, wage effects for workers
hired in the shock year are persistent, while workers hired the following year show no effect. These
results support our model assumptions of firm committing to posted wages and cohort-specific wage
setting. Third, stayers’ wages increase modestly in response to the export demand shocks, consistent
with the literature’s estimates of firm-specific labor supply elasticities of around 4 when estimated
using stayer wages.

Job Switchers In this section, we estimate an event study showing the path of individual
workers’ wages as they change jobs, using worker-level local projections. As before, we focus on full-
time workers who also worked full-time in their previous job. Therefore, job switchers are defined
as workers in their “main job” who worked full-time (at least 1,400 hours) at firm j in year t and
were full-time in their “main job” at some firm k ̸= j in year t−2. We use two-year changes because
of how the data is constructed: employment is reported as of a worker’s employer in November.
Workers who are full-time in year t may have switched jobs in year t − 1, but would not yet have
completed a full year with the new employer by November of year t− 1.

Equation (2.18) estimates the effect of a period t shock on a worker’s wage growth from t− 2 to
t+ν. The sequence {βν} traces out the effect of an export demand shock hitting in year t on the path

24We report percentiles and distributions because our estimates of χ̂ are not normally distributed.
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Figure 2.4: Path of Switcher Wage Level by Trade Shock Timing Relative to Job Switch

(a) Workers Arrive in Trade Shock Year (b) Workers Arrive in Year After Trade Shock

Notes: This figure reports the estimated coefficients from equations (2.18) and (2.19). Panel (a) plots the
path of an individual worker’s wage level for a worker who switches in year t into a firm that experiences a
100 log-point positive shock to revenue in year t. Panel (b) plots the path of an individual worker’s wage
level for a worker who switches in year t into a firm that experiences a shock of the same size in year t− 1.

of wages for workers who switch into the firm in year t. Define ∆logwi,t+ν ≡ logwi,t+ν − logwi,t−2.

Arriving in year of shock: ∆ logwi,t+ν = βνzj(i,t),t + ζxi,t + δνXj(i,t),t + ui,t+ν , (2.18)

Arriving year after shock: ∆logwi,t+ν = β̃νzj(i,t),t−1 + ζ̃xi,t + δ̃νXj(i,t),t + ũi,t+ν , (2.19)

where j(i, t) is the firm that worker i is employed at in year t, zj(i,t),t is the firm-level export demand
shock, and controls xi,t include gender, years of education, potential experience, its square, and the
interaction of potential experience with education, and Xj(i,t),t includes firm fixed effects, industry-
by-year fixed effects, industry-by-year fixed effects interacted with firm’s export share of revenue in
t−1, three years of the lagged idiosyncratic shock, and the contemporaneous and three years of lags
of the common shock. Hence, (2.18) addresses the question: How does an export demand shock in
year t affect the wages of job switchers that arrive at the firm in year t?

As an additional test, we also estimate (2.19), which is the same regression but excludes the
time t shock, and the controls include industry-by-year fixed effects and industry-by-year effects
interacted with the export share of revenue in year t−2. That way we can get a consistent estimate
of the coefficient β−1, which estimates the effect of an export demand shock in period t− 1 on the
path of wages for workers who arrive in year t. Controls of lagged shocks include shocks through
year t− 4.

Figure 2.4 shows the estimates from equations (2.18) and (2.19). Figure 2.4(a) shows the co-
efficient of the time t shock on the wage growth of workers from t − 2 to t + ν. Visual inspection
of pre-trends indicates that workers moving into differently shocked firms have similar wage paths
prior to switching. Consistent with evidence in Figure 2.3a, wages of new hires are approximately
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10% higher at firms facing a 100 log-point shock to predicted revenue relative to workers who arrive
at firms with a zero shock. The wage premium for workers hired in the shock year is persistent.

Figure 2.4(b) reports the coefficient on the lagged shock, zj(i,t),t−1, on the wage changes of
switchers who arrive in period t from a local-projection specification analogous to equation (2.18),
omitting the trade shock in period t.25 This figure shows that workers who arrive in firms that had
larger export demand shocks in period t− 1 receive no wage premium upon arrival in period t and
exhibit no subsequent catch-up in wage growth. This provides further evidence that firms do not
need to pay new hires higher wages once the firm has already expanded.

Job Stayers In addition to estimating the path of wages for switchers around export demand
shocks, we also estimate the wage growth of job stayers. We define a stayer as a worker who was
full-time (≥ 1,400 hours/year) at the same firm from in years t − 1 through t + ν. We estimate a
local projection of the change in workers’ wages relative to year t− 1, with the firm export-demand
shock in year t as the independent variable. We regress

logwi,t+ν − logwi,t−1 = β̄νzj(i,t),t + δ̄νXi,t + ũi,t+ν (2.20)

for ν ∈ [−4, 3], where Xi,t includes firm fixed effects, three lags of the idiosyncratic shock zj(i,t),t,
the current value and three lags of the common shock, industry-by-year fixed effects, and industry-
by-year fixed effects interacted with t − 1 export shares. Standard errors are clustered at the firm
level.

Figure 2.5 reports the response of stayer wages to an export-demand shock. The peak response
to a 100 log-point predicted increase in revenue is the year after the shock, when stayer wages rise
by 5.2 log points. As a back-of-the-envelope calculation, the implied inverse labor supply elasticity
estimated using the response of stayer wages one year after the shock is d logwstayers/d logN =
(d logwstayers/d log Y )/(d logN/d log Y ) = 0.052/0.22 = 0.236, so the implied labor supply elasticity
is 1/0.236 ≈ 4.2. Thus, we replicate the literature’s finding that using stayer wages to calculate
labor supply elasticities yields a value of around 4, implying much less elastic labor-supply curves
than the (effectively) perfectly elastic long-run labor-supply curves we find using switchers in Section
2.3. Since firms’ long-run marginal cost of labor is determined by the wages of new hires, the wages
of new hires determine markdowns in steady state, not the wages of stayers. Accordingly, using the
pass-through of demand shocks to stayer wages will understate firms’ labor supply elasticity.

Our estimated response of stayer wages relative to the effect on firm revenue are meaningfully
smaller than the response of wages in Garin and Silvério (2024). This may be because our shocks
are comparatively small and have less persistent effects on revenue.

2.4 Profit Puzzle with Oligopsonistic Competition
In this section, we extend the equilibrium analysis in Section 2.2 to allow for an oligopsonistic labor
market with strategic behavior. Using our evidence for the recruiting cost parameters from Section
2.3, we characterize the aggregate income shares for labor, capital, and profits as a function of

25We correspondingly include the industry-by-year fixed effects interacted with export shares for period
t− 2 instead of for year t− 1.
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Figure 2.5: Response of Stayer Wages to Export Demand Shock

Notes: This figure reports coefficients from equation (2.20). The dependent variable is logwi,t+ν− logwi,t−1.
The regressor zj(i,t),t is the firm-level idiosyncratic export-demand shock. Sample: full-time stayers (≥1,400
hours/year) who remain at the same firm from t − 1 through t + ν. Controls Xi,t include three lags of the
idiosyncratic shock, the current value and three lags of the common shock, industry-by-year fixed effects,
and their interactions with t− 1 export shares. Standard errors clustered at the firm level. Coefficients are
scaled to a 100 log-point shock in predicted revenue; entries are in log points.

parameters and the level of labor market concentration. We show that in a calibration that shuts
down the recruiting margin and assumes a labor-supply elasticity of 4, the implied labor share is
at least 10 percentage points too low when price markups and capital income are calibrated to
realistic levels. We then show that with constant-returns-to-scale recruiting function and a long-run
elastic labor supply curve, the model matches a labor share in line with national accounts data in rich
countries. Furthermore, we find that moving from an equilibrium with no labor market concentration
to an empirically realistic level of concentration (an employment Herfindahl–Hirschman Index (HHI)
of 0.1) reduces wages relative to marginal product by only 3.4%, an order of magnitude smaller than
what is implied by models with Cournot competition and no recruiting margin (Berger et al., 2022).

Setting We now enrich the model from Section 2.2 by assuming that firms are non-atomistic and
internalize that their actions affect labor market aggregates, as well as that workers may encounter
their own firm’s vacancies when searching. We restrict to no exogenous separations (s0 = 0). Define
ϕnj,s,t−1 as the share of employed workers who were hired in period s by firm j and are still employed
by firm j in period t − 1, define ϕnj,t ≡

Nj,t∑
k Nk,t

as firm j’s share of employment in period t with

ϕnk,t−1 =
∑−1

s=−∞ ϕnk,s,t−1, and define ϕvj,t =
Vj,t∑
k Vk,t

as firm j’s share of vacancies posted in period
t. If a worker encounters their own firm’s vacancy, the worker chooses between two jobs as if they
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were any two jobs.26 The recruiting and cohort-specific separation functions take the form

R
(
Vj,t,t,V−j,t, Vj,t, V−j,t, Nj,t−1, N−j,t−1

)
=

g(θt)
[
(1− ΦUt−1)

∑
k

t−1∑
s=−∞

ϕnk,s,t−1

exp
(
γ Vj,t,t

)
exp
(
γ Vj,t,t

)
+ exp

(
γ Vk,s,t

) +ΦUt−1 1{Vj,t,t > VU}
]

(2.21)

S
(
Vj,s,t,V−j,t, Vj,t, V−j,t

)
=

λEEf(θt)
∑
k

ϕvk,t
exp
(
γ Vk,t,t

)
exp
(
γ Vj,s,t

)
+ exp

(
γ Vk,t,t

) + (1− λEEf(θt)
)
1{VU > Vj,s,t} (2.22)

where V−j,t denotes the value of all workers not at firm j, we define ΦUt−1 ≡ Ut−1

Ut−1+λEE(1−Ut−1)
,

θt ≡
∑

k Vk,t
Ut−1+λEE(1−Ut−1)

denotes labor-market tightness, and Ut−1 = 1−∑kNk,t−1. We assume that
firms operate in an extended version of Bertrand competition, where firms solve their problems
taking as given the wage and vacancy policies of their competitors.

Firm’s Problem The firm’s problem differs from the firm’s problem in Section 2.2 in two ways.
First, the firm knows that its own workers will not quit if the worker encounters their own firm’s
vacancy. Second, the firm internalizes that their choice of vacancies affects labor market tightness,
and that additional vacancies congest the firm’s own recruiting, as well as congest the labor market
for the firm’s current workers. Firms solve (2.23) taking {V−j,t}∞t=0 and {w−j,t}∞t=0 as given.

max{
Vj,t, Kj,t, Nj,t, {Nj,s,t}s≤t, {wj,s,t}s≤t

}∞

t=0

∞∑
t=0

βt

[
Aj,t

(
Kα
j,tN

1−α
j,t

) ϵ−1
ϵ −

∑
s≤t

wj,s,tNj,s,t − rKKj,t − cj

(
Vj,t
Nj,t−1

)χ
Nσ
j,t−1Vj,t

]
(2.23)

subject to (2.6), (2.7), (2.8), and (2.9), where the recruiting and separation functions are (2.21) and
(2.22), and labor-market clearing condition is Ut+

∑
kNk,t = 1, and tightness is θt =

∑
k Vk,t

Ut−1+λEE(1−Ut−1)
.

As before, we will focus on the limiting case where βf → 1.

Equilibrium A stationary equilibrium is defined as in Section 2.2, except that each firm maxi-
mizes profits, taking competitors’ vacancy and wage strategies as given.

Markdowns We now characterize recruiting cost-adjusted markdowns for the economy with
oligopsony in the labor market. We can set b sufficiently low so that workers never voluntarily quit
into unemployment, implying zero unemployment in equilibrium. Since all workers are employed in
equilibrium, and under the normalization

∑
kNk,t = 1, firm j’s share of employment is equal to its

employment level, ϕnj,t = Nj,t. We now highlight a set of special cases that allows us to characterize
markdowns in closed form.

26This assumption is needed for a closed-form solution in section in equation 2.24, and can be thought of
as workers applying for another job internally or applying to a different establishment within the firm.
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Proposition 2. If the unemployment benefit b is sufficiently low, if firms have common recruiting
cost shifters cj = c ∀j, and if either σ = 0 or Aj = A ∀j, then the recruiting cost-adjusted markdown
takes the form

µj ≡
wj + c

(
Vj
Nj

)1+χ
Nσ
j

MRPLj
=

1 + (1 + χ)Ej
1 + (1 + χ)Ej + σ + (1 + χ)

ϕnj
1−ϕnj

. (2.24)

Proof : See Appendix B.10. Using our estimates from Section 2.3 that σ is functionally equal to 0,
the above expression holds even if firms have heterogeneous productivity Aj .

Labor and Profit Shares in Equilibrium Now we characterize the share of income that
goes to labor, capital, and profits. We will assume that turnover costs accrue to labor income.27 In
equilibrium, the share of income that goes to wage income and turnover costs (which are allocated
to wages) as a share of gross output is

Gross Labor Share ≡
∑
j

wjNj + c
(
Vj
Nj

)1+χ
Nσ
j

PjYj
=
ϵ− 1

ϵ
(1− α)

1∑
j(ϕ

n
j /µj)

.

We can define the aggregate wage markdown as M = 1/(
∑

j(ϕ
n
j /µj), and the Herfindahl-Hirschman

index is
∑

j(ϕ
n
j )

2. As we will discuss momentarily, we will be interested in the labor share of net
value added, which subtracts depreciation of capital from GDP. Subtracting out depreciation from
the denominator, the net labor share and profit share are

Net Labor Share =
ϵ−1
ϵ (1− α)M

1− ϵ−1
ϵ α

δ
δ+rK

, Net Profit Share =
1
ϵ +

ϵ−1
ϵ (1− α)(1−M)

1− ϵ−1
ϵ α

δ
δ+rK

,

where the profit share of gross value added from product market power is 1
ϵ , and the profit share of

gross value added from wage markdowns is ϵ−1
ϵ (1− α)(1−M).

Evidence on Profit and Labor Shares The labor share measure that we focus on is the
net labor share of domestic corporate value added, which excludes housing and proprietor’s income.
Our preferred measure of the labor share excludes housing because housing is not traditionally a
factor of production, and focusing on the corporate share allows us to avoid taking a stance on how
to allocate proprietor’s income, which can be challenging (Elsby et al., 2013). The “net" part of
net domestic corporate value added means that depreciation is subtracted from value added, since
payments to capital that pay off depreciation are not available for consumption (Koh et al., 2020).
Rognlie (2015) shows for advanced economies, the labor share of net value added for the domestic
corporate sector is between 70-80%.28 The allocation of non-labor income between capital income
and pure profit is usually not measured directly, so we will use additional evidence and the model
to infer a capital and profit share of income.

27As before, our results are not sensitive to this choice. For more details, see Appendix B.8.
28For the United States, data on value added of nonfinancial domestic corporate business can be found

in Table 1.15 of the National Income and Product Accounts.
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Table 2.6: Calibration

Parameter Description Value Rationale

ϵ Demand elasticity 7 Price markup
rK Rental rate of capital 0.125 Return on capital= 0.05
δ Depreciation rate 0.075 Match depreciation/GDP
α Cobb–Douglas capital elasticity 0.3 Match K/Y ≈ 2

η CRRA parameter 1 Simplicity: E = γ
βw Workers’ discount factor 0 Simplicity: E = γ
γ Inverse scale parameter of non-wage preferences 4 Match εR − εS ≡ E = 4
s0 Exogenous separation rate 0 Closed-form markdowns

Calibration and Labor Share We now calibrate our model and compute the labor and profit
shares of income under three scenarios: (i) a standard atomistic monopsony case, (ii) our preferred
calibration with a constant returns to scale (CRS) recruiting function, and (iii) an extension with
labor market concentration.

Table 2.6 presents our choice of parameter values that are constant across our three scenarios.
We set the rate of exogenous separations at s0 = 0, let workers be myopic βw = 0, and we assume
assume log utility η → 1. We set the inverse scale parameter of workers’ preferences over non-wage
amenities γ = 4 so εR,w − εS,w = 4. We set the product demand elasticity ϵ = 7 to generate a price
markup over marginal cost of 16.7%, which is relatively small but consistent with empirical evidence
(Kline et al., 2019). We assume an ad hoc risk premium on capital of r = 0.05 (Jordà et al., 2019),
a risk-free real rate of zero, and a depreciation rate of δ = 0.075. This yields a rental rate of capital
rK = 0.125. Together with a Cobb–Douglas capital share α = 0.3, the parameters jointly deliver a
ratio of capital to output K/Y ≈ 2, consistent with Rognlie (2018), a capital-depreciation share of
GDP of 15%,29 and a gross capital share of income of 25%, consistent with Barkai (2020). As can
be seen in the adjusted markdown expression in equation (2.24), all other parameters that govern
the search aspect of the model drop out.

Table 2.7 reports the share of income that goes to labor, capital, and profits under three sce-
narios. In the first column, we return to the assumption of atomistic firms, so ϕnj = 0 for all firms,
but the recruiting margin is shut down (σ = χ → ∞). In this case, wages are 20% below marginal
product. Profits from price markups over marginal cost account for 17% of net value added, and net
capital income (excluding depreciation) accounts for 12% of net value added. In total, this leaves a
profit share of net value added equal to 31%, while the labor share of net value added is only 57%,
significantly below the empirical range of 70-80%.

In the second column, we assume a constant returns to scale recruiting function (σ = 0) with
χ = 2 and only atomistic firms (HHI = 0). Product market profits and net capital shares are the
same as in column 1, so the only difference is that the labor share of net value added is 71%, i.e.,
14 percentage points higher than in the no recruiting case. As a consequence, the profit share of

29See National Income and Product Accounts (NIPA) Table 1.11.
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Table 2.7: Distribution of Income: Standard Monopsony, CRS Recruiting, and Concentration

Standard Monopsony CRS Recruiting CRS + Oligopsony National
σ = χ, σ, χ → ∞ σ = 0, χ = 2 HHI = 0.1 Accounts Data

Recruiting cost-adjusted markdown 0.80 1.00 0.97
Product Profits/Net Output 0.17 0.17 0.17
Total Profit/Net Output 0.31 0.17 0.19
Net Capital Income/Net Output 0.12 0.12 0.12
Non Labor Income/Net Output 0.43 0.29 0.31 0.20–0.30
Labor Income/Net Output 0.57 0.71 0.69 0.70–0.80

Notes: This table reports the recruiting cost-adjusted markdown and the shares of aggregate net value added:
product market profits, total profit, net capital income, non labor income, and labor income. For each model,
we assume the labor supply elasticity conditional on vacancies E ≡ εR,w − εS,w = 4. The three economies
are (i) a standard monopsony model with no recruiting margin; (ii) our dynamic monopsony model with a
constant returns to scale recruiting function; and (iii) one large firm with employment share

√
0.1 ≈ 0.316

(yielding labor market HHI = 0.1) while all other firms are small.

net value added is 14 percentage points lower. This case matches national accounts data on labor
and non-labor shares of national income in rich countries.

In the third column, we assume there is one large firm that accounts for 31.6% of employment,
yielding a labor market HHI of 0.1. We show in Appendix B.11 that for a given HHI, the widest
markdown is achieved by concentrating employment in only one firm. Compared to the case with
no concentration, the recruiting cost-adjusted markdown is 3.4% lower, lowering the aggregate labor
share of net income by 2 percentage points, putting the labor share just outside the empirical range.
For labor markets that are less concentrated, as found by Schubert et al. (2025) (median HHI of
0.018 on a 0–1 scale), the labor share of net value added would rise back above 70%.

Could the puzzle be resolved by eliminating price markups? As shown in Column 1 of Table 2.7,
profits from pricing power in the product market as a share of net value added (17%) are roughly
equal to profits from wage setting power in the labor market (31% − 17% = 14%). What happens
to the profit share if we shut down product market rents? To calculate this, we recalibrate the
capital elasticity to α = 0.25 to get a capital to output ratio of 2. Holding other parameters fixed
with γ = 4, σ = χ, σ, χ → ∞ (no recruiting margin), and letting ϵ → ∞ (no price markups), we
obtain a net labor share of 71%. Thus, under a labor supply elasticity of 4 and no recruiting margin,
matching the observed labor share of net output requires eliminating price markups.

Misallocation We now consider misallocation. Because large firms strategically under-hire,
there may be dispersion in marginal products. Using our result on markdowns from equation
(2.24), and using the calibration with σ = 0 and χ = 2, we numerically assess the output losses
from misallocation due to large firms exercising power in the labor market. We reverse engineer
firm-specific demand shifters that ensure that the large firm employs a share 31.6% of employment in
the market, so the labor market HHI is 0.1. We then compute the steady-state local market output



CHAPTER 2. MONOPSONY WITH RECRUITING 71

Ym =

(∑
j Y

ϵ−1
ϵ

j,m

) ϵ
ϵ−1

and the capital consumption δKm = δ
∑

jKj,m. We then reallocate labor

within the local labor market to equalize marginal products and calculate the reallocated output
Y ∗
m as well as capital consumption δK∗

m given re-optimized choices for capital. The net output
gain from reallocating labor is (Y ∗

m − δK∗
m)/(Ym − δKm) = 1.006, so output increases by 0.6%. At

comparable levels of labor market concentration (HHI), our estimated misallocation-induced output
losses are about an order of magnitude smaller than those reported by Berger et al. (2022).

2.5 Conclusion
In this article, we provide a model of dynamic monopsony where workers have heterogeneous pref-
erences over firms and can search on the job, and firms can attract workers with higher wages
and recruiting expenditures. We use this model to analytically decompose the share of marginal
product into wages, recruiting costs, and profits. We provide empirical evidence consistent with
constant returns to scale recruiting functions, implying that firms’ long-run labor supply curves are
very elastic, and that the rents that firms get from exploiting their wage setting power are spent on
recruiting. We show that, in equilibrium, elastic labor supply curves help match aggregate profit,
capital, and labor shares of income if firms also have pricing power in the product market, even
taking into account labor market concentration and strategic interactions. Our setting tractably
combines numerous sources of monopsony, including preference heterogeneity, search frictions, and
labor market concentration, in a way that is easily disciplined by new and existing empirical evidence
and nests many existing monopsony models.

The lack of pure wage dispersion may be useful for researchers who wish to model a labor market
with wage posting and on-the-job search but do not want the added complexity of an equilibrium
wage distribution. For example, Bloesch et al. (2024) use a similar setting in the labor block of a
New Keynesian model to study how wages evolve in response to cost-of-living shocks if firms post
wages and workers search on the job. In general, our model may be useful for tractably modeling
other search environments such as spending on advertising, where buyers or sellers remain matched
while searching for a new match.



72

Chapter 3

The Incidence and Efficiency of Land
Value Taxation

with Ulf Nielsson and Caleb Wroblewski

We thank Alan Auerbach, Sarah Baker, Antoine Levy, Ethan McClure, Mathilde Muñoz, Emi
Nakamura, Jón Steinsson, Emmanuel Saez, Benjamin Schoefer, and Danny Yagan, as well as seminar
and conference participants at U.C. Berkeley, the Urban Economics Association, the 2024 DAEiNA
Meeting, and the National Tax Association for valuable comments and suggestions. We gratefully
acknowledge financial support from the Opportunity Lab Place-Based Policy Initiative and the
Fisher Center for Real Estate and Urban Economics.



CHAPTER 3. INCIDENCE AND EFFICIENCY OF LAND VALUE TAXATION 73

We do need to provide for certain essential government functions... So the question
is, which are the least bad taxes? In my opinion the least bad tax is the property tax
on the unimproved value of land, the Henry George argument of many, many years
ago.

Friedman (1978)

3.1 Introduction
Governments need tax revenue to provide public services, but commodity taxes induce costly eco-
nomic distortions. It is well understood that taxes on inelastic commodities reduce the deadweight
loss from taxation because distortions in relative prices cause smaller changes in relative quantities.
As a result, economists and other social scientists have long recognized that taxes on the value of
land can be uniquely efficient. Because the supply of land is thought to be fixed, taxes on land
should not reduce the quantity of land; thus, there should be zero efficiency cost of taxation.1

Taxes on land also have a unique place in intellectual history, having been a subject of active
debate by philosophers and social scientists for centuries. The Physiocrats discussed taxes on land
rents before modern economics emerged as a discipline. The efficiency arguments for land taxes were
well understood by Smith (1776), and the desirability of land taxes has been the subject of discussion
by Marx, Hayek, Friedman, Vickrey, and many others. Land taxes today are most prominently
associated with George (1880), who argued for a single land tax in lieu of other commodity taxes,
and whose work inspired political movements in both the United States and around the world.2

Though they are less common in practice than traditional property taxes, land taxes are also the
subject of an active policy debate. Detroit is considering a proposal to transition the property tax
to a land tax, and California and Colorado are considering or studying similar proposals.

Despite this historical interest and contemporary policy debate, we have relatively little modern
empirical evidence about the effects of land taxes. In this paper, we use a natural experiment
in Denmark to study individual and aggregate responses to land taxes. We exploit a municipal
reform that forced nearby municipalities with distinct land tax rates to set new, unified rates.
These new rates varied across municipalities but were constrained by a formula created by the
central government. As a result, bordering municipalities experienced very different changes in
their land tax rate. Based on this formula, we construct an instrument for the change in the tax
rate experienced by these neighboring municipalities using historical data from a decade before
the reform. Importantly, because these bordering municipalities were constrained to set unified
rates going forward, the differential changes experienced by these bordering municipalities as a
result of the reform were permanent. Because this reform happened almost two decades ago, we
can investigate both the short- and long-term responses to tax changes. We compare market and
aggregate outcomes across these bordering municipalities to identify the effects of land taxes using
an instrumental variables (IV) difference-in-differences strategy.

1Though recent efforts to reclaim land in places like the Netherlands and Denmark suggest the supply
curve is not perfectly inelastic over the long term.

2Denmark, which is the setting for this paper, has a political party centered on the work of Henry George,
which held seats in Parliament as recently as the 1950s.



CHAPTER 3. INCIDENCE AND EFFICIENCY OF LAND VALUE TAXATION 74

We first build a neoclassical model with land taxes to guide our empirical analysis. Our model
highlights a critical assumption which drives how individuals respond to land taxes: how the gov-
ernment spends tax revenue. When tax revenue is fully refunded to incumbent homeowners, a
land tax does not affect any outcome except the asset price of land. A decrease in the purchase
price for land offsets land tax payments. The full response to the tax comes through price changes,
and the incidence falls entirely on the incumbent landowner who is then fully compensated by the
government. In contrast, if households are not refunded their tax payments, behavioral responses
emerge due to income effects. Because the household is poorer due to unrebated tax payments, they
demand less of all normal goods, including leisure, buildings, and non-durable consumption.

Guided by the theoretical model, we focus on two main sets of empirical results. First, we study
the effects of land taxes on the prices of residential property. The model states that taxes must be
capitalized into property prices. Because quantities cannot adjust to clear the market, prices must
change instead. We use two sources of variation to study price capitalization. First, we compare
homes in nearby bordering municipalities that experienced distinct changes in land value tax rates
due to municipal reform (which we refer to as the “policy shock”). Second, we compare homes that
are differentially exposed to changes in land tax rates because they have different levels of land
intensity (which we refer to as “exposure"). While land taxes are levied on land value alone, we
only observe prices for the entire housing unit, including land and structures. However, because
different housing units have different land intensities, they should experience different price changes
in response to the same policy shock. For example, for an empty plot of land, 100% of the value
of the property comes from land, and thus, the land tax will be equivalent to a tax on the value of
the entire property. In contrast, in the case where the land and the structure are owned separately,
such as a ground lease, the value of the structure will be completely distinct from the value of the
land it sits on. Thus, the land tax should have no effect on the structure price. While there are
relatively few of these extreme cases in the data, there is significant variation in the land intensity
of different housing units. Because land intensity depends on endogenous development decisions,
we instrument for exposure using historical land intensity at the plot level.

In stark contrast to the predictions of the theoretical model, we estimate precise null effects of
land taxes on housing prices. We use a repeat-sales index, where we compare the transacted prices
of the same home over time, before and after the tax change. In our baseline, IV specification, our
point estimate is very close to zero and statistically insignificant. The degree to which taxes should
affect housing prices depends on the interest rate households use to discount housing cash flows
(or, alternatively, the rent-price ratio). In public finance, it is standard to assume a discount rate
between 3 - 5%. Recent work has also used institutional features of housing markets to estimate
discount rates: Giglio et al. (2014) and Bäcker-Peral et al. (2024) estimate discount rates of 1.9% and
2.8 - 5.3% respectively in the U.K. housing market. He et al. (2024) estimate housing discount rates
of 2.4%, while Koster and Pinchbeck (2022) use variation in property taxes to estimate discount
rates between 3-4%. Finally, in Denmark, the setting of our study, Jordá et al. (2019), estimates
that rental yields in the most recent period are approximately 3.4%. Our baseline estimates rule
out all of these estimates with a high degree of confidence. The lower bound of our 95% confidence
interval rules out discount rates below 8%.

Our findings have significant implications for the relative desirability of taxing land as opposed
to other commodities. A key feature underlying the efficiency properties of land taxes is that the
land tax burden is unaffected by behavioral responses. If taxes are fully capitalized into land prices,
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landowners cannot avoid land tax increases by selling their land: future purchasers of the land are
fully compensated for their higher tax burden with a lower purchase price today. In contrast, when
land taxes are not capitalized into prices, as in our setting, incumbent homeowners can avoid taxes
by selling to new purchasers, which affects the allocation and efficiency of housing. Because we find
land taxes are not capitalized into home prices, our results suggest that taxes on land may be less
efficient than in theoretical models. Similarly, when taxes are not capitalized into land prices, the
tax burden does not entirely fall on incumbent landowners. Instead, a lack of capitalization implies
that the economic incidence of the tax is equivalent to the statutory incidence. This means that
the tax burden is shared between current landowners and future purchasers.

Beyond the focus on land taxes directly, our setting is ideal for studying the capitalization of
taxes into housing more broadly. First, price capitalization depends not just on contemporaneous
prices but rather on expectations of future tax changes. Thus, naive regressions of prices on taxes
will be biased downwards if tax changes are expected because prices will have already adjusted
to the tax change. Similarly, if the market expects the tax change to be transitory, it will have
smaller effects on prices, which can be interpreted as a lack of capitalization. We study a single
unexpected reform that generated heterogeneous tax changes across space. Thus, we can carefully
follow the narrative record and test whether prices adjusted during periods before the statutory
tax rate changed when the reform was announced and debated. We find no response in either the
period where the reform was being discussed or after the tax rate changed. In addition, because of
the nature of the municipal reform we study, the quasi-experimental changes in tax rates we used
were permanent. The effect of the policy shock instrument on effective tax rates is identical for each
year in our sample period from 2007, when tax rates changed, through 2019.

Second, if households value the municipal services purchased with higher tax revenue, the effect
of taxes on prices will be confounded by the effect of changes in municipal service levels on prices.
Two aspects of our setting allay this concern. First, in our setting, land taxes are a small share
of the municipal budget, and the reform we study was explicitly formulated not to change service
levels. Second, in a robustness check, we use only within-area variation from differential exposure
to land tax changes. Thus, we compare price changes among homes that are entitled to the exact
same level of municipal services but differentially affected by land taxes because they have different
land shares. Though less precisely estimated, we once again estimate zero effects that imply less
capitalization than the baseline estimates, suggesting municipal service changes do not confound
our estimates. Finally, the degree of price capitalization depends on the slope of the housing supply
curve. As a result, disagreements about the extent of price capitalization may arise if there are
imprecise estimates of the housing supply elasticity. Because land is more inelastically supplied
than housing, uncertainty about the housing supply elasticity is less relevant for interpreting price
capitalization.

Theoretically, land taxes should generate few behavioral responses. In the model, land taxes
generate no substitution effects but can generate income effects if households are not compensated
for the taxes that they pay. In our setting, however, behavioral responses may be more relevant
because the lack of price capitalization implies households can avoid taxes by moving or selling
their property. In addition, the behavioral responses to land taxes have been a key part of the
ongoing policy debate about the desirability of land taxes. In particular, land taxes are viewed as
a potential substitute for traditional property taxes because land taxes, unlike property taxes, do
not disincentivize increased development. Some public commentators in the Georgist tradition even
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argue that higher land taxes alone can increase development if property owners need to generate
additional cash flow to cover higher tax payments or by reducing the purchase price of land, which
might improve land allocation in the presence of financial frictions.

We use the variation caused by the policy shock to study whether land taxes have long-run,
aggregate effects on property development, mobility, and housing allocation. Because these variables
are slow-moving, the long-term, persistent nature of our shock is particularly valuable. We estimate
precise null effects on aggregate residential development. Our estimates imply, consistent with the
theoretical benchmark, that land taxes do not disincentivize property development. This means that
substituting land taxes for property taxes might be an effective way to increase aggregate density,
though the quantitative magnitude depends on the slope of the housing supply curve. We also focus
on the development of empty plots, as much of the public discussion of land taxes has focused on
whether the shift to land taxes might increase the development of empty plots. Again, we find null
effects on the rate of development of undeveloped land plots. Overall, we find that higher land taxes
do not affect aggregate development. This suggests that the move to land taxes and away from
more distortionary taxes may encourage property development. However, we also provide evidence
against the optimistic viewpoints expressed by George (1880) and public commentators that higher
land taxes alone might incentivize development.

Finally, we study the effect of higher taxes on housing allocation. Theoretically, land taxes should
not affect homeownership unless incumbent landowners respond to income losses from higher taxes
by selling their homes. When taxes are not capitalized into land prices, however, homeowners can
move to avoid higher tax payments. In addition, a perennial concern about property taxes is that
liquidity-constrained homeowners may have to move if they cannot meet their annual tax obligations.
Publicly, much of this fear is especially focused on elderly retirees that are not in the labor force.
We estimate precise zero effects of land taxes on the probability that homeowners sell their existing
property. However, we find that land taxes change the composition of homeowners in an area. In
particular, we find that areas that experienced tax increases had fewer older homeowners in the
years after the tax change. Taken together, we interpret this evidence as suggesting that higher
land taxes do not push incumbent homeowners out of their homes but that older individuals are
less likely to move to high tax areas.

In the final part of the paper, we discuss potential drivers of the deviations we document from
the neoclassical benchmark. One potential explanation for our result is that landlords pass through
increases in land taxes to tenants. While we do not have direct evidence on rent increases during this
period, pass-through of property taxes to rental prices has been documented in a variety of different
settings (Löffler and Siegloch, 2021; Baker, 2024; Watson and Ziv, 2024). In addition, rents in
Denmark are regulated and the most common types of rent control specifically allow tax increases
to be passed through to rents. We show in an extension of our model that when rents are capped
but taxes can be passed through to tenants, the price of land no longer depends on the tax rate.
However, this implies that the incidence of the tax falls on tenants, rather than landowers. Because
landowners earn higher incomes and have more wealth than tenants and future home purchasers,
the tax is significantly more regressive than implied by standard models. Overall, our results
suggest that land taxes are less desirable on both efficiency and equity grounds than the neoclassical
benchmark. In addition, our work provides evidence in the context of property and capital taxes
that demand and supply elasticities are not sufficient statistics for tax incidence (Auerbach, 2006;
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Benzarti, 2024). Instead, our work highlights how institutional factors and interactions with other
regulations may shape tax incidence.

Altogether, our work sheds light on the real effects of land taxes. We find evidence that contrasts
with the stark predictions of neoclassical models. In particular, we find strong evidence that tax
increases are not capitalized into housing prices. However, we also see that higher land taxes do not
disincentivize development but do affect the allocation of housing within a local area. Overall, we
interpret our evidence as suggesting that land taxes have limited efficiency consequences but that
the tax incidence does not fall on incumbent landowners. Instead, tax payments fall on tenants and
are shared between incumbent and future homeowners.

Related Literature
Our project is related to two main literatures. First, our project contributes to the literature on
property taxation (Oates, 1969; Rosen, 1982; Löffler and Siegloch, 2021; Koster and Pinchbeck,
2022; Brockmeyer et al., 2024; Wong, 2023; Baker, 2024; Horton, 2024; Kopplin, 2024; Wong, 2024)
and land taxation (Bonnet et al., 2021; Schwerhoff et al., 2022). We add to this literature by
studying a unique natural experiment that led to persistent changes in land tax rates across space
and time to study the effects of tax rates over the long run on prices and aggregate outcomes.
In contemporaneous work, Murphy and Seegert (2024) create a measure of “implicit" land taxes
based on differences between assessed values and market valuations to show that higher implicit
taxes are associated with a variety of economic outcomes, including density. Coven et al. (2024)
use a theoretical model to argue that property taxes can change housing allocation by increasing
homeownership, especially for financially constrained households. In contrast, we use a quasi-
experimental variation in statutory tax rates to estimate the causal effect of land taxes, providing
new evidence on these important questions of homeownership, density, and housing allocation.

Two papers study the short-term effects of the same reform on home prices (Nielsen and Rzeźnik,
2014; Høj et al., 2018). Relative to both papers, we use a different empirical strategy over a longer
time horizon, which results in substantial differences between our estimates. We discuss differences
between our estimates and previous work in Section 3.7. We also expand on this previous work
by looking at longer-term effects, heterogeneity in the price results, and real effects on aggregate
outcomes.

Second, we relate to a long literature on tax incidence. Benzarti (2024) reviews the literature on
the incidence of consumption and labor taxes and argues that, in contrast to theoretical models, the
demand and supply elasticities are not sufficient statistics for tax incidence. We show that similar
results hold in the case of taxes on real property, in this case for land. Benzarti (2024) argues that
non-standard factors, like fairness norms, shape the incidence of labor taxes in particular. In the
final part of the paper, we argue that institutional regulations related to Danish rental markets may
provide an explanation for the limited price capitalization we estimate. As a result, we also show
how regulations and institutions can be important drivers of tax incidence.

The rest of the paper is organized as follows. Sections 3.2 and 3.3 lay out our theoretical model
and present a series of empirical predictions. Section 3.4 presents institutional context about the
reform we study and Danish land taxes. Section 3.5 outlines the data we use, while Section 3.6
describes our instrument and identification strategy. Sections 3.7 present the results of taxes on
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home prices. Section 3.8 shows the effect on aggregate development and housing allocation. Section
3.9 discusses potential drivers of the main results and concludes.

3.2 Model
We build a neoclassical model of land-value taxation to guide the empirical analysis and highlight
the unique theoretical properties of land taxes.

Households
Households maximize utility derived from nondurable consumption (Ct), housing services (Ht), and
leisure over an infinite horizon. Housing services are an aggregate of land and buildings owned by
the household (Ht = H(Lt, Bt)). Individuals also invest in a real financial asset (At) and receive
lump-sum transfers from the government (Tt). The government levies a tax (τL) that is paid each
period based on the price of land. The stock of buildings depreciates at a rate δ. Formally, the
household problem can be written as:

U0 =
∞∑
t=0

βtu(Ct, Nt, Ht).

The household optimizes while respecting a series of flow budget constraints:

Ct+P
L
t (Lt−Lt−1)+P

B
t (Bt−(1−δ)Bt−1)+(At−At−1) =WtNt+rt−1At−1−τLPLt Lt−1+Tt (3.1)

for t = 0, 1, . . . , and given initial values L−1, B−1, A−1. Consumption is the numeraire. PLt and
PBt are the asset prices of land and buildings, respectively. The first order conditions for labor
and consumption are standard. The first order conditions for the land and building holdings of the
household are given by the following expression:

uL,t
uC,t

= PLt − (1− τL)PLt+1

1 + rt
(3.2)

uB,t
uC,t

= PBt − (1− δ)PBt+1

1 + rt
. (3.3)

Equation 3.2 shows that the household will purchase land until the marginal utility of land con-
sumption (left-hand side) equals the user cost of land (right-hand side). Because land is a durable
good, the allocative price of land is not the asset price (PL), but rather the cost of holding a unit
of land for one period and then selling it. This cost is increasing in the land tax rate and in the
interest rate (which represents the opportunity cost of investing in financial assets relative to land)
and is decreasing in any capital gains.

Suppose that rt = r is constant (for expositional purposes). Then, based on the first order
condition of the household, we can solve for the asset price of land. Denote the marginal rate of
substitution for land: MRSLt =

uL,t

uC,t
. Then, we have that the asset price of land PLt is given by
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PLt =MRSLt + (1−τL)
1+r PLt+1. Solving the equation forward results in:

PLt =
∞∑
s=0

(
1− τL

1 + r

)s
MRSLt+s. (3.4)

Thus, the asset price of land is the sum of future expected marginal rates of substitution, discounted
by the interest rate and the land value tax rate. Note that this is a standard asset pricing condition,
where the price is the discounted sum of future cash flows. In a model with renters, this would be
equivalent to the price of land equalling the discounted sum of future rents generated by the land.

Production
Consumption goods are produced by a firm that hires labor and produces according to the following
production technology:

Yt = F (NY,t). (3.5)

Similarly, there is a construction firm that produces new buildings It by hiring labor and producing
using the following production function:

It = G(NI,t). (3.6)

Both firms are price takers in both input and output markets and maximize profits with the following
equations for the consumption (ΠYt = Yt −WtNY,t) and construction firms, (ΠIt = PBt It −WtNI,t).
Their first order conditions for production are given by:

FN (NY,t) =Wt (3.7)

and
PBt GN (NI,t) =Wt. (3.8)

Government
The government collects tax revenue τLPLt Lt−1 at the beginning of each period and pays lump-
sum transfers Tt to households. Many of the model’s key results are driven by how the government
spends its collected tax revenue. As a result, we consider two cases. In the first case, the government
fully rebates all the tax revenue back to landowners as a lump-sum transfer: Tt = τLPLt Lt−1. We
refer to this as the “full compensation" case. In the second case, the government does not return
tax revenue to the landowners. To nest both of these cases, we write the lump-sum transfer as:

Tt = τLPLt Lt−1 × I(Comp.) (3.9)

where I(Comp.) = 1 if the government compensates landowners and zero otherwise.
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Market Clearing
We impose four market-clearing conditions:

Nt = NY,t +NI,t (3.10)
At = 0 (3.11)
Lt = L̄ (3.12)
Bt = It + (1− δ)Bt−1. (3.13)

Equation 3.10 is the labor-market clearing condition. Labor supply equals the combined demand
for labor from the consumption and construction firms. Equation 3.11 is an asset-market clearing
condition, which states that the financial asset is in zero net supply. Equation 3.12 is the land-
market clearing condition. Our key assumption is that the supply of land is inelastic and endowed
by nature. Thus, demand for land from the household has to equal L̄, the fixed supply of land.
Equation 3.13 states that building demand equals the supply of new construction produced by the
construction firm, plus the non-depreciated stock of buildings from the previous period. The market
for non-durable goods clears by Walras’ law.

Equilibrium
Given an initial allocation for (L−1, B−1, A−1), an equilibrium is prices (PLt , P

B
t ,Wt, rt) and quan-

tities (Ct, Yt, Nt, NY,t, NI,t, Lt, Bt, It, At, Tt) such that the household optimizes, the buildings and
consumption firms optimize, the government collects taxes and rebates transfers, and markets clear.

Special Case
To highlight the analytical predictions of the model, we make a series of functional-form restrictions.
Assume utility is given by:

u(Ct, Nt, Lt, Bt) = logCt − ϑ
N

1+ 1
χ

t

1 + 1
χ

+ θ logLt + φ logBt.

In addition, assume the production functions for non-durable consumption and buildings are given
by F (NY,t) = ZYN

γ
Y,t and G(NI,t) = ZIN

η
I,t, respectively.

3.3 Theoretical Predictions
We use the model outlined in Section 3.2 to highlight how land taxes affect equilibrium prices and
quantities.

The Effect of Land Taxes on Land Prices
Higher land taxes make holding land less desireable. However, because land is in fixed supply, the
equilibrium quantity of land cannot fall as a result of higher taxes. As a result, all of the adjustment
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to higher land taxes must come through changes in the price of land. In steady state, the
asset price of land is given by the following expression:

PL =
1 + r

r + τL
θL̄−1C. (3.14)

The asset price of land is decreasing in the tax rate τL. This effect is highlighted in Figure 3.1,
which shows supply and demand in the market for land after a land tax increase. The line labeled
D shows the demand for land prior to a tax increase, while D′ shows the demand for land after a
tax increase. As tax rates go up, higher taxes are capitalized in the price of land. That is, higher
taxes reduce the price of land such that future landowners are fully compensated for future higher
tax payments with a lower purchase price today.

Since the supply curve for land is vertical, the change in the asset price of land does not change
the quantity of land in equilibrium. As a result, there is no deadweight loss of higher taxes, implying
no efficiency cost of land taxes. In fact, when the tax is fully compensated, the tax rate has no
affect on any aggregate quantity or price except for the asset price of land.

Figure 3.1: A Model of the Market for Land
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Income Effects
When taxes are not fully rebated to households, income effects cause behavioral responses. We
focus on the effects of land taxes on labor supply. The following expression gives the steady-state
level of labor:

N = ϑ
− 1

1+ 1
χ

(
1 +

1 + r

r + δ
φδ +

1 + r

r + τL
θτL(1− I(Comp.))

) 1

1+ 1
χ . (3.15)
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Equation 3.15 highlights how the government’s redistributive preferences drives the effects of land
taxes on equilibrium prices and quantities. Consider the case where the government fully compen-
sates landowners by returning the land tax payments as a lump sum. In that case, the steady-state
labor supply is given by:

N = ϑ
− 1

1+ 1
χ

(
1 +

1 + r

r + δ
φδ

) 1

1+ 1
χ .

When land taxes are fully rebated, the tax rate has no effect on equilibrium labor supply.
Labor supply depends only on the parameters that determine household disutility of labor and
household demand for buildings. The expression highlights the tradeoff faced by households in
the model: the optimal quantity of labor balances household demand for consumption goods and
buildings with leisure. Household preferences over buildings matter for period-by-period labor
choices because buildings depreciate over time, and households must cover the cost of maintaining
the housing stock. In contrast, consider the case where the government spends the land tax revenue
on services that do not enter the household utility function. Then, the labor allocation is given by:

N = ϑ
− 1

1+ 1
χ

(
1 +

1 + r

r + δ
φδ +

1 + r

r + τL
θτL

) 1

1+ 1
χ .

When taxes are not remitted back to the household, labor supply is increasing in the tax rate.
This is a wealth effect on labor supply. Households’ work decisions now also reflect the tradeoff
between leisure and covering land tax payments. Similar tradeoffs affect the allocations of other
normal goods in the model: higher land taxes reduce the demand for consumption of non-durable
goods, the demand for housing, and the demand for land. Because the supply of buildings and
consumption goods is upward-sloping, this also reduces equilibrium quantities of both goods.

In contrast, because land supply is fixed, the quantity of land is invariant to the tax rate.
Because land is a normal good, like leisure or consumption, household demand for land decreases
due to wealth effects. However, when taxes are not returned to owners, income effects can reduce
land demand, further depressing land prices. This effect is highlighted by Equation 3.14: when
there is no income effect, the user cost of land does not change in response to a change in taxes
UCL = θL̄−1C because C is invariant to the tax rate. In contrast, when taxes have income effects,
households reduce C in response to higher taxes, which results in the user cost falling in response
to higher tax rates. In practice, in the presence of income effects, prices must fall more to make
the household indifferent between land consumption and non-durable consumption, which now has
a higher marginal utility. This puts further downward pressure on PLt in response to a land tax
increase.

Taken together, our model highlights two main effects of land taxes. First, higher tax rates
should reduce the price of land (and thus housing) as the inelastic land supply implies that taxes
should be fully capitalized into land prices. Second, if taxes are not rebated to landowners, or if
the government spends tax revenue on services that do not enter the household utility function,
there will be behavioral responses due to income effects. In particular, households should reduce
their consumption of normal goods: buildings, non-durable goods, and leisure. In addition, income
effects can also reduce demand for land, which will put further downward pressure on land prices.
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3.4 Institutional Details
We study a municipal reform in Denmark that generated permanent, quasi-experimental variation
across towns in land tax rates.

Municipal Reform
Before 2007, Denmark had three primary levels of government: the central government, the counties,
and municipalities. Municipalities are the smallest level of government and are responsible for a
variety of public services. Most prominently, the municipalities provide primary schooling and elder
care, though they also have some responsibility for infrastructure and other social and child care
services. At the time of the municipal reform, the thirteen counties were primarily responsible for
healthcare services.

In 2002, discussion of a potential reform to consolidate the subnational governments into larger
entities began. Both Christiansen and Klitgaard (2008) and Christiansen (2012) date the beginning
of the discussion of the reform to the Summer of 2002, when newspaper articles indicated support for
reform among both Denmark’s largest business organization and younger members of a governing
party at the time. The primary motivations for the reform were to improve public sector service
provision through economies of scale, especially in the hospital sector, where it was thought that
the counties were too small to be effective. Crucially, the goal of the reform was not to change the
level of municipal services. Before the increased discussion of the reform, a municipal reform of
this type was considered extremely unlikely. Christiansen and Klitgaard (2008) write that:

“There is no shortage of arguments that, before it is actually implemented, the struc-
tural reform must indeed be considered almost unthinkable...The unthinkable, as is well
known, happened."

Appendix Figure C.1 displays the time series of references to structural reform in major Danish
newspapers. Before 2002, there were very few mentions of structural reforms. This changed in the
summer of 2002 when the number spiked. Structural reform was also not part of the debate during
the general election in 2001 (Bundgaard and Vrangbæk, 2007).

In August of 2002, the Prime Minister announced that the government intended to appoint a
commission to study the administrative structure of the Danish state (Bundgaard and Vrangbæk,
2007). In January 2004, the commission presented its report. The report included proposals similar
to the municipal reform that was eventually adopted, including proposals eliminating the counties
and requiring larger municipalities. Between April and June 2004, the government presented a pro-
posed reform, which was debated and negotiated between parties. In June 2004, a law implementing
the structural reform was passed.

The structural reform required the creation of larger municipalities, which were constructed
through municipal mergers. The counties were eliminated and replaced by five regions, primarily
responsible for the healthcare sector but also for some tasks that would benefit from less decentral-
ization (such as regional development and critical infrastructure). The larger municipalities retained
most of their responsibilities but took over some that were previously the purview of the counties.

Once the reform passed, individual municipalities had leeway in determining which other munic-
ipalities to merge with. The government required a baseline population level for new municipalities
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and that merging municipalities bordered each other. Even before the agreement by the central
government, several municipalities had announced their merger plans, and most of the remain-
ing municipalities were very close to merger agreements (Lassen and Serritzlew, 2011). By 2005,
the mergers were finalized, and local residents had voted for representatives for the new merging
municipalities. The reform took effect in January of 2007.

The Reform Changes Land Tax Rates
Denmark has a land tax set at the municipal level.3 The land tax is one relatively small source
of financing for municipal spending. In practice, most local tax revenue comes from income taxes.
Municipalities also receive significant financing from the central government through grants and
an equalization scheme. Before the reform, the overall land taxes paid by households ranged from
around 1.6% to 3.4% of the assessed value of land annually. Of this, 1% was used to fund services
provided by the county, while the rest was used to fund municipal services. After the reform, the
municipalities kept all of the tax revenue generated by the land tax.

The municipal reform generated substantial variation in land taxes because merging municipal-
ities that previously set distinct land tax rates were now required to set a unified one. The central
government also constrained how municipalities could set this new unified tax rate. The government
set an upper bound for the new tax rate that was a weighted average of the existing land tax rates
in the merging areas (Høj et al., 2018). In practice, most of the new merging municipalities set
their new tax rate very close to the ceiling provided by the government (Høj et al., 2018).

Land assessments are the responsibility of the central government and are based on sales of
unimproved land and hedonic regressions. The amount that land tax assessments can increase each
year is capped. From 2011 until the 2020s, land assessments remained fixed as the government
developed a new system for land valuations. However, taxable land values continued to increase
because the cap had resulted in taxable valuations being well below market values after the increase
in home prices in the early 2000s (Klein et al., 2016). There are some exemptions from land taxes,
such as for private schools and non-profits. In addition, agriculture is entitled to lower land tax
rates and benefits from low property valuations.

There are three primary benefits to using the variation in tax rates induced by the municipal
reform. First, by restricting our comparison to nearby municipalities that merged, we can isolate
a permanent change in tax rates. Consider two hypothetical towns that merged into a single
municipality, in which one town had previously set a 1% tax rate, and the other had previously set
a 2% tax rate. The government constrained the newly merged municipality to set their tax rate
at 1.5%. Households in one town experienced a 50 basis point (b.p.) tax increase, while the other
experienced a 50 b.p. decrease. The 100 b.p. difference between the two towns is held fixed even
if the newly merged municipality chooses to change its tax rate later because the towns
are constrained by the reform to set a unitary tax rate going forward. Suppose that later on, the
new municipality chooses to increase its tax rate to 2%. Now, one town is at its old tax rate, while
the other has experienced a 100 b.p. increase, but the difference remains at 100 b.p. Because price
and behavioral responses to capital tax changes depend not just on contemporaneous policy but
also on expectations of future policy, our permanent variation ensures our results are not driven by

3There is also a national-level property tax, which was not affected by the reform.
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expectations of future policy changes, that may have occurred subsequent to the reform, and allows
us to interpret our effects as the effect of a permanent tax change.

Second, the ceiling set by the central government generated formula-based changes in tax rates.
Naive regressions of the effect of property tax changes may be confounded if local economic con-
ditions or financing needs drive both the stance of policy and behavioral responses. We create an
instrument for the tax change experienced by an individual municipality based on historical data
and the central government formula. This allows us to isolate variation driven by the municipal
reform and ensures our results are not confounded by municipal expenditure needs or other local
changes in economic conditions or demographics. Third, because asset prices are forward-looking,
behavioral responses to tax changes should reflect expectations of future policy. Because we focus
on a single reform with a detailed narrative record that generated substantial variation in tax rates,
we can carefully test whether expectations of future policy affect asset prices and individual be-
havior. Finally, municipal reform generated large tax changes in towns that bordered each other.
Our empirical strategy studies the effect of land taxes by comparing nearby towns that experienced
these differing changes in land tax rates. These nearby towns serve as a natural control group that
allows us to carefully control for other cyclical and regional factors that might influence aggregate
and individual outcomes.

3.5 Data
Our analysis combines a variety of Danish administrative registers covering land use and the housing
market, as well as administrative data from tax records on individual households.

Housing Data
We combine a series of data on residential housing in Denmark. We start with data on land and
property taxation, which provides information for each property on the assessed value of land and
property taxes owed in each year. We calculate effective tax rates for each property by dividing
taxes owed in each year by the property’s assessed value. We combine this with property-level data
from the Danish Housing Census, which contains comprehensive property-level characteristics. We
merge this with data on property sales, which provide us with information on the sale date and
price of sold properties. To create a consistent panel of properties before and after the reform, we
rely on a key that links properties over time. We sum individual property level outcomes, including
property development and residential square footage, to the treatment area level to study aggregate
effects of the policy. When studying the effect of taxes on prices, we focus on residential properties
and drop vacation homes.

Individual Data
We create an annual panel of individual-level income and wealth using administrative tax data.
The data contain detailed information about the amount and composition of income and wealth
holdings. Nearly all components of income and wealth are third-party reported (Jakobsen et al.,
2024). We use a property ownership registry to link individuals to their properties, which we use to
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assign treatment. We use the individual data to study whether land taxes change the number and
composition of homeowners along observable dimensions like wealth, income, and age.

Municipal Data
We collect annual, municipality-level data from Statistics Denmark. The data include demographic
and economic variables and information about local government services and spending. We use
the statutory land tax rates to construct our instrument and define treatment. We also include
pre-treatment data on demographic characteristics as controls. Note that because our treatment
areas are smaller than municipalities after the reform, we cannot use municipal-level variables after
2007.

3.6 Instrument and First Stage
Our empirical strategy regresses various property-level and aggregate outcomes on tax rates. How-
ever, because the change in the tax rate was formula-based, transitory changes in tax policy or
population before the reform may have mechanically affected the area’s post-reform tax rate. Thus,
a potential concern with a simple OLS regression of outcomes on tax rate changes is biased by the
effects of other changes immediately before the reform. To account for this concern, we construct
an instrument for the change in the tax rate based on historical data more than a decade before the
reform. As a result, our empirical results are only based on variation from historical tax rates and
populations, and not from changes that occur close to the reform.

Our instrument is based on the formula the central government used to constrain the new land
value tax rates set by the merged municipalities. The central government set a ceiling for the new
tax rate for each new municipality that was a weighted average of the land tax rates of the existing,
merging municipalities (Høj et al., 2018). We construct a predicted value for the ceiling set by the
central government for each new municipality (M), using the following formula:

T̃M =
M∑
i⊂M

Ti,1995
pi,1995
pM,1995

.

Here, T̃M represents the predicted tax rate ceiling for new municipality M that is imposed by
the central government. It is a weighted average of the tax rates in the existing municipalities i
that would merge into municipality M , where the weights are municipality i’s share of the total
population of M in 1995. We then define the instrument at the treatment area (a) level, which is
a cross of each old municipality i with a new municipality M .4 For each treatment area, we define
the instrument as the difference between the area’s 1995 tax rate and the predicted tax rate (T̃M ),
according to the following formula:

∆τ̃a = Ti,1995 − T̃M

Thus, the instrument represents the predicted change in land tax rate experienced by treatment
area a, based on historical data from 1995. Figure 3.2 tests whether the first-stage relationship is

4Note that the treatment areas are not exactly equal to old municipalities i because some old munici-
palities split apart during the reform.
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strong. Figure 3.2 plots the following regression specification:

∆τa = β∆τ̃a + ηm(a) + δ′Xa + ea.

In this specification, ∆τa is the actual change in the statutory land tax rate experienced by treatment
area a between 2007 and 2005. The primary coefficient of interest is the tax change instrument
(∆τ̃a). The regression also includes controls at the treatment area level, as well as new municipality
fixed effects. Thus, the regression compares bordering towns that merged together, and as a result
of the merger experienced heterogeneous changes in land tax rates, mimicking the variation used in
the paper.

Figure 3.2 shows that the first stage is strong: the points are closely bunched around the line
of best fit, and the regression coefficient is highly statistically significant. Overall, we find evidence
that our instrument is highly predictive of changes in statutory land tax rates.

Figure 3.2: First Stage: The Effect of Tax Change Instrument on Statutory Tax Rate
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Notes: This figure plots the first stage regression of the land tax instrument on the actual change in statutory
tax rates from 2005 to 2007. For both the x- and y-axes, the units are in percentage points: thus, a value
of 1 represents a 1 p.p. change in the land value tax rate. The blue line represents the 45-degree line. Beta
coefficients represent and 95% confidence intervals, with robust standard errors are plotted.

Figure 3.3 shows that this change in statutory tax rates led to changes in effective tax rates at
the property level. We use the following event study specification:
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yj,a,t =
∑
h̸=−1

βh∆τ̃a 1{t−h=2005} + γj + ηm(a)×t + ej,i,t. (3.16)

In this specification, j represents a property, which is assigned to a treatment area a. The
outcome variable is the property-level effective tax rate, defined as the taxes owed in year t divided
by the property’s assessed land value. We plot βh coefficients, representing the interaction between
the treatment instrument and year fixed effects. The regression includes a property fixed effect (γj)
and new municipality by year fixed effects.5

Figure 3.3 plots the βh coefficients. For the decade before the reform, trends in land tax rates
are relatively flat. In 2007, the year the reform took effect, there is a strong increase in effective tax
rates for properties in treatment areas where statutory tax rates increased. The magnitude of the
effect is similar to the effect on statutory tax rates, with a 1 p.p. predicted increase in the tax rate
corresponding to an actual increase in effective tax rates of around 80 basis points.

Figure 3.3: The Effect of Statutory Tax Changes on Property-Level Effective Tax Rates
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Notes: This figure plots the first stage regression of the land tax instrument on effective tax rates at the
property level. 95% confidence intervals are shown, with standard errors clustered at the treatment area
level. We estimate the regression without controls for computational tractability.

5For computational tractability, we omit the controls interacted with year fixed effects.
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Crucially, this effect is persistent throughout the entire sample period. The point estimates and
standard errors in the years after 2007 are nearly identical to those in 2007. This highlights that our
empirical strategy successfully isolates changes in land taxes that have a strong first stage and are
very persistent. This provides a clean interpretation of our price and behavioral results as reflecting
the effect of persistent tax changes.

To study the effect on price capitalization, we combine this policy-induced variation with vari-
ation in exposure to the land tax change. While all residential properties in a treatment area face
the same effective tax rate, the extent to which this passes through to prices depends on the share
of the property’s value derived from land. Consider a simplified Gordon growth model, with a land
tax, that is only levied on the share of the value of the property that is assessed to derive from the
land. Then, the effect of land taxes on the housing prices is equal to:

∂V
V

∂τ
= −θ

r

where τ is the land tax rate and θ is the land share of the property. Thus, property’s with higher
land shares, will have larger price changes in response to the same change in land tax rates. This is
the second source of variation we use to study tax capitalization.

A property’s land share is an endogenous variable. Thus, we instrument for the land share with
the property’s land share in 1996, a decade before the reform. We run the following regression:

yj,a = β∆τ̃aθj + ζa + ψj + ea. (3.17)

In this specification, yj,a represents total land taxes owed, normalized by the total assessed value of
the property, at the property level. In this specification the main coefficient of interest is the policy
shock ∆τ̃a interacted with the properties pre-existing land share ωj . ζa is a treatment area fixed
effect. Thus, all of the variation in land tax exposure comes from properties that are in the same
treatment area, exposed to the same tax rate and municipal services, but with differential exposure
to land taxes. ψj is a land-share decile fixed effect.

Figure 3.4 shows the binscatter plot at the property level of total land taxes paid normalized by
the total assessed value of the property. Figure 3.4 shows that there is substantial variation, even
within the same treatment area, in exposure to land tax changes. The coefficient is close to 0.5 and
highly statistically significant.

Overall, we find substantial variation, both from the policy shock and exposure to the land tax
changes, with which to study the effect of land taxes on residential property prices. Figure 3.5 shows
the instrument combining both the policy shock variation and the exposure variation, mimicking the
combined instrument from our baseline price capitalization specification. In this case, the regression
takes the following form:

yj,a = β∆τ̃aθj + ηm(a) + δ′Xa + ψj + ea.

This regression has the same dependent variable and instrument as Equation 3.17. However, here,
we replace the treatment area fixed effect with a new municipality fixed effect. As a result, we use
both variation from the exposure shares, as well as variation in tax rates from the policy shock.
Figure 3.5 shows that, as with the instruments used separately, the first stage is strong, with the
instrument being highly predictive of changes in taxes owed normalized by the total valuation.
Overall, both the policy shock and exposure shares induced strong changes in land taxes paid as a
result of the reform.
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Figure 3.4: First Stage: The Effect of Land-Tax Exposure Instrument Within A Treatment
Area
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Notes: This figure plots the first stage regression of the land tax instrument on the actual change in effective
taxes paid, normalized by the assessed value of the property, from 2005 to 2007. For both the x- and y-axes,
the units are in percentage points: thus, a value of 1 represents a 1 p.p. change in the tax rate, normalized
by the assessed value. The blue line represents the 45-degree line. Beta coefficients and 95% confidence
intervals, with standard errors clustered at the treatment area by land share decile level, are plotted.

3.7 Capitalization in Housing Prices
The efficiency of land value taxes rests on the assumption the supply curve for land is vertical.
While a vertical supply curve implies that the economy does not adjust to the tax with changes
in total quantities of land, it also implies that all adjustment to the tax comes through changes
in prices. Without price adjustments, incumbent landowners can shift the tax burden to future
purchasers of the land. Similarly, limited price effects may reflect the ability of landowners to avoid
the tax by shifting tax payments onto tenants.

We use our empirical setting to investigate the effect of land taxes on prices in the residential
housing market. We use a repeat-sales methodology to study the effect of land taxes on the prices
of homes. Our outcome variable is the log sale price of transacted homes. We run the following
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Figure 3.5: First Stage: The Effect of Land-Tax Exposure Instrument Combining Policy
Shock and Exposure Measures

β = 0.581 (0.028)
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Notes: This figure plots the first stage regression of the land tax instrument on the actual change in effective
taxes paid, normalized by the assessed value of the property, from 2005 to 2007. For both the x- and y-axes,
the units are in percentage points: thus, a value of 1 represents a 1 p.p. change in the tax rate, normalized
by the assessed value. The blue line represents the 45-degree line. Beta coefficients and 95% confidence
intervals, with standard errors clustered at the treatment area by land share decile level, are plotted.

regression for our baseline specification:

yj,a,t =
∑
h̸=−1

βh∆τ̃aθj 1{t−h=2001} + γj + ηm(a)×t + δ′Xa 1{t−h=2005} + ψj×t + ej,i,t. (3.18)

Our baseline specifications include a property fixed effect and new municipality by year fixed effects.
Thus, our estimator identifies the impact of land taxes by comparing houses in neighboring towns
with different tax rate changes pre- and post-reform, and by comparing homes with differing expo-
sure to the land tax through different land shares. By including property fixed effects, we hold fixed
time-invariant property characteristics and ensure that the results are not driven by the land tax
changing the composition of transacted homes across time. We also include ψj×t land share decile
by year fixed effects, to ensure our results are not affected by time-varying demand for more vs.
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less land intensive properties. We normalize the year coefficients relative to 2001, the year before
discussion of the reform began.

Figure 3.6 shows that higher land taxes do not affect residential home prices. The coefficients
show the impact of a one percentage point increase in the land tax (normalized by the assessed
home price) on sale prices. Between 1995 and 2001, prices of homes in areas that faced increases in
their land tax rate experienced very similar trends to areas where land tax rates would eventually
fall. All of the coefficients are close to zero and statistically insignificant. In 2002, discussion of
the reform began. However, between 2002 and 2006, when details of the reform are finalized, there
is no stark change in home prices. All coefficients are close to zero, and only one is (marginally)
significant. After 2007, when the tax rates actually changed, there is still no change in home prices.
Across all post-period years, the coefficients are close to zero and insignificant.

The line in red plots the post-period coefficient, pooling all post-period years together and
comparing it to 2001, the last year before the discussion of the reform began. The post-period
coefficient lies directly on top of the zero line. Overall, we estimate precise null effects of higher
land tax rates on residential property prices. This suggests that, in contrast to the predictions of the
theoretical model, land taxes are not capitalized into home prices. This is consistent with the slope
of the demand and supply curves not acting as sufficient statistics for tax incidence, as discussed in
the context of labor and consumption taxes by Benzarti (2024).

Figure 3.7 shows that the results are consistent using either source of identification separately.
Panel (A) plots the beta coefficients, using only the policy shock to instrument for the change in the
tax rate. The results look nearly identical to the baseline. All but one of the post-period coefficients
are statistically insignificant and close to zero. As a result, the overall post-period coefficient is very
close to zero. Panel (B) shows the effect after including treatment area by year fixed effects. Thus,
this estimate compares homes that are in the same area and have the same municipal services but
have different land intensities. Though much less precisely estimated, the effect is again close to
zero, and all post-period coefficients are statistically insignificant. If anything, the point estimate
is larger, implying less pass-through than in the baseline specification. This provides suggestive
evidence, consistent with our empirical setting, that the estimates are not affected by changes in
municipal services.

Finally, Figure 3.8 shows the effect in a sample of single-family homes. Single-family homes are
a particularly important sub-sample because they are more land-intensive than most apartments or
condominiums and because the vast majority of single-family homes are owner-occupied as opposed
to rented. If landlords can pass on cost increases to tenants, this will mute the price pass through.
However, because for owner-occupied homes the owner is both the landlord and the tenant, reactions
to tax rates may be higher. However, Figure 3.8 shows that the results are remarkably consistent in
the single-family sample. Once again, all post-period coefficients are statistically insignificant and
close to zero. Across all samples and identification strategies, we find consistent evidence of zero
pass through of taxes to home prices.

Because the right-hand side variable in our event study is the instrument for the change in the
tax rate, Figures 3.6, 3.7, and 3.8 show the intent-to-treat effect of land taxes. To quantify the
magnitude of the tax effect, we instrument directly for the property-level change in taxes owed
divided by assessed land value. The results are shown in Table 3.1. In the IV specification, we
pool together years into an “Anticipation" period (2002 - 2006), which corresponds to the period
when discussion of the reform was moving expectations around prices, and a “Post" period (2007 -
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Figure 3.6: Higher Taxes Have No Effect on Sales Prices
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Notes: This figure plots the effect of land taxes on sales prices. 95% confidence intervals are shown for the
event-study coefficients, with standard errors clustered at the treatment area by land share decile level. The
red line shows the difference in difference estimate that pools all post-2007 years compared to the price in
2001, and the red shading shows the 95% confidence intervals from that regression.

2019). Table 3.1, Column (1) shows the OLS coefficients. The results indicate that a 1 p.p. increase
in land taxes (relative to total assessed values) lowers home prices by 3% during the anticipation
period and 7% during the post period, though neither coefficient is statistically significant.

Table 3.1, Column (2) shows the baseline IV specification. The bottom row of the table reports
that the IV has an F-Statistic of over 200, implying that the first stage is strong and the instrument
meets the relevance requirement for a valid IV. Home prices are unchanged in the anticipation
period. In the post period, the coefficient is positive, implying higher taxes increase home prices,
though it is very close to zero and statistically insignificant.

Table 3.1 reports the discount rate consistent with full capitalization using the lower bound of
the 95% confidence intervals we estimate. This represents the lowest possible discount rate that lies
within our 95% confidence interval. In our baseline specification, we can rule out full capitalization
at discount rates that are lower than 8%. This is substantially higher than most recent estimates
of the discount rate for housing cash flows. Recent work has carefully estimated this parameter
in a variety of settings. Giglio et al. (2014) estimate net discount rates of 1.9%, He et al. (2024)
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Figure 3.7: The Effect of Land Taxes Using Separate Identification Strategies

(a) “Policy Shock” Only
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Notes: This figure plots the effect of land taxes on sales prices. 95% confidence intervals are shown for the
event-study coefficients, with standard errors clustered at the treatment area by land share decile level. The
red line shows the difference in difference estimate that pools all post-2007 years compared to the price in
2001, and the red shading shows the 95% confidence intervals from that regression. Panel (A) shows the effect
using the policy shock instrument only, while Panel (B) shows the effect after residualizing on treatment
area fixed effects. Thus, Panel (B) just uses variation from within the same treatment area, coming from
heterogeneous exposure to land tax rates.
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Figure 3.8: Higher Taxes Have No Effect on Sales Prices of Single-Family Homes
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Notes: This figure plots the effect of land taxes on sales prices in a subsample of single-family homes.
95% confidence intervals are shown for the event-study coefficients, with standard errors clustered at the
treatment area by land share decile level. The red line shows the difference in difference estimate that pools
all post-2007 years compared to the price in 2001, and the red shading shows the 95% confidence intervals
from that regression.

estimate discount rates of 2.4%, while Bäcker-Peral et al. (2024) provide estimates between 5.3% and
2.8%. Most relevant to our work, Jordá et al. (2019) estimate housing returns of 3.4% in Denmark
during this period. All of these estimates, except for the earliest estimates from Bäcker-Peral et al.
(2024), are outside of our 99.9% confidence intervals. Thus, our estimates rule out price movements
consistent with all of these estimates with a high degree of confidence.

Table 3.1, Columns (3) through (7) show robustness checks for our baseline estimate. Columns
(2) and (3) trim outlier observations in the data, with minimal effects on the coefficients or standard
errors. Column (4) restricts attention to the single-family home sample. The coefficients are even
closer to zero, and all of the previous estimates lie outside our 95% confidence interval. Columns (6)
and (7) show the results when using the policy shock and exposure instruments separately. Though
somewhat less precisely estimated (especially for the exposure instrument alone), when using the
policy instrument alone, we can rule out the estimates from Jordá et al. (2019), Giglio et al. (2014),
He et al. (2024), as well as the more recent estimates from Bäcker-Peral et al. (2024). Using the
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Table 3.1: Effect on Home Prices and Implied Discount Rates

OLS IV IV IV IV IV IV
Baseline Trim 1% Trim 5% SF Policy Shock Exposure

Ant. x Treat -3.72 -0.90 -1.24 -4.06 0.75 -8.56 15.95
(2.80) (6.67) (6.64) (6.37) (6.15) (6.17) (20.02)

Post x Treat -7.17 2.66 3.85 0.61 0.33 -7.39 13.20
(4.22) (7.76) (7.67) (6.94) (7.86) (7.90) (23.02)

Obs. 1015414 1015414 1007798 942671 314045 616419 1015385
Discount rate l.b. 6.5 8.0 8.9 7.7 6.6 4.4 3.1
F-Stat 209.2 208.2 213.6 215.3 197.2 161.1

Notes: This table shows IV estimates of the effects of land tax changes on home prices and computes the
smallest discount rate that is consistent with full capitalization. Specifically, the row discount rate l.b. (lower
bound) denotes the discount rate implied by our results assuming full capitalization of taxes into home prices.
The discount rate is based on the lower bound of the calculated 95% confidence interval. Standard errors in
parentheses.

exposure instrument alone leads to larger coefficients, implying less pass-through and providing
suggestive evidence that service changes are unlikely to affect our estimates.

However, the literature on property tax capitalization provides less of a consensus on whether
changes in taxes are passed through to home prices. In canonical work, Rosen (1982) estimates
price effects that are consistent with full capitalization of taxes into prices with discount rates of
approximately 14%. Recent work finds varying results: Horton (2024) finds zero effects on home
prices, while Koster and Pinchbeck (2022) finds nominal discount rates between 3 and 4%. The
persistence of our policy shock, variation from the exposure instrument within municipal boundaries,
and the fact that our setting studies land, as opposed to property taxes, makes our setting uniquely
suited to study this question.

More relevant to our work is previous work studying the same reform. Høj et al. (2018) estimate
significant effects of land taxes on home prices. In Appendix C.3, we provide a detailed comparison
of our results. While we use distinct empirical strategies and different sources of variation, we show
that when using a specification closer to the one that they use, we can replicate the significant
effects of land taxes on prices. However, we show that this effect is confounded by a correlation
between the change in the tax rate and the number of vacation homes in a treatment area, as well
as diverging price trends in those areas that coincided with the reform. Once we drop vacation
homes from the sample and include a control for the share of vacation homes in a treatment area,
the price effect is eliminated.

The reform we study provides a unique window to study tax capitalization. We document precise
null effects of land taxes on residential home prices. Our estimates allow us to easily rule out full
capitalization at standard discount rates. Overall, we provide crucial new evidence on how land
taxes affect residential property markets. Our results provide new evidence that the slope of the
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supply and demand curves is insufficient for understanding and predicting tax incidence for taxes
on residential property. Our results suggest that households can avoid paying land taxes by selling
their property or moving. This contradicts the basic efficiency argument for land taxes, which is
that an individual’s tax burden is unaffected by their behavioral responses. In the next section,
we empirically test for behavioral responses by studying the effect of land taxes on development,
mobility, and housing allocation.

3.8 Aggregate Effects of Land Taxes
Much of the policy debate about land taxes has focused on their efficiency. Unlike the conventional
property tax, land taxes do not contain any explicit disincentive to develop property. However,
we find no effect of land taxes on prices, suggesting that land taxes operate differently in practice
than in theoretical models. In addition, policymakers and the public often express concern about
whether or not property taxes may push older retirees out of their homes because they do not have
the liquidity to pay taxes on (potentially rising) home values. We use our setting to provide new
evidence on these policy debates by investigating the long-term effect of land taxes on development,
mobility, and housing allocation.

The Effect of Land Taxes on Property Development
The effects of land taxes on development is uncertain. In our model, when landowners are fully
compensated, taxes do not affect the demand or supply of buildings. However, without full com-
pensation, income effects reduce demand for buildings and, thus, the total amount of developed
property. In addition, if taxes are capitalized into land values, and land is used as collateral for
development or if developers have short-term liquidity constraints, higher land taxes might serve
as a negative net wealth or liquidity shock that can reduce the ability of developers to increase
the housing supply. In contrast, a Georgist viewpoint suggests that higher taxes can actually
increase development. George (1880) argued that higher taxes would improve land usage. This
could come about either because higher taxes would reduce the asset price of land, which would
improve land allocation and reduce speculation in the land market, or because the need to pay
higher land taxes would lead to higher investment in land.

We provide new empirical estimates on the effects of land taxes on property development.
Because property development is a slow-moving stock variable, we estimate the long-term effects of
changes in land taxes using a long differences specification. We estimate the following regression at
the treatment area level:

ya,2015 − ya,2006 = β∆τ̃a + ηm(a) + δXa + ea. (3.19)

In this specification, the dependent variable is the change in our outcome variables from the year
before the tax change occurred until the last year of our data.6 Our primary coefficient of interest
is β, which represents the ITT effect of the policy shock instrument. We only use variation from

6We end most of the property development specifications in 2015 because of changes in the Housing
Census.
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the policy shock to study the effects of land taxes on aggregate outcomes, because only the policy
shock varies at the treatment area level. We include treatment area controls, including detailed
fixed effects for the share of vacation homes given the correlation documented in Appendix C.3, and
a new municipality fixed effect.

We first investigate the effect of land taxes on total residential square footage. We sum up the
total area dedicated to residential housing in each treatment area, investigating whether the total
amount of housing increased or decreased more in areas with higher land tax increases after the
reform.7 Panel (A) of Figure 3.9 shows that we estimate a precise null effect of land taxes had on
aggregate housing development. The β coefficient is 0.001 and statistically insignificant. We can
rule out decreases or increases of more than 1 p.p. in total residential development in response to
a 1 p.p. increase in (predicted) land value tax rates over 9 years. Figure 3.9, Panel (B) shows no
pre-trends in residential development in nearby areas that were eventually exposed to tax increases
vs. decreases before the reform. Our results suggest that higher land taxes do not affect aggregate
residential housing. This is consistent with our baseline neoclassical model, where land taxes do
not affect the incentive to develop housing.

Much of the public debate on land taxes has focused on the effects on undeveloped plots. A
revenue-neutral reform that moves from a property tax to a land tax (as proposed in Detroit)
shifts the tax burden from highly developed properties (low θ) to land-intensive, empty plots (high
θ). While the tax should not change the marginal incentive to develop undeveloped plots, many
commentators have suggested this could improve the usage of undeveloped plots. To investigate
the effects of land taxes on undeveloped plots, we focus on a set of undeveloped plots in 1995 and
test whether the propensity to develop those plots depends upon the land tax rate.8 We say a
property is developed if it is recorded as having a business use by the property tax authorities or if
the housing census records residential development on that plot. In this case, our outcome variable
is the log change in the number of undeveloped properties.

Figure 3.10, Panel (A) shows the effect of land taxes on the change in the number of undeveloped
properties in each treatment area that remain undeveloped in 2015 relative to 2006. Our results
show that higher taxes do not have an effect on the development of empty plots. The point estimate
is positive, suggesting that higher land taxes lead to less development of empty plots. However,
the point estimate is smaller than the standard error, indicating the effect is highly statistically
insignficant. The results suggest that a 1 p.p. change in the tax change instrument increases the
number of properties that remain undeveloped by around 1.3 p.p. Panel (B) of Figure 3.10 shows
that there is no evidence of pre-trends. Before the reform, undeveloped land was developed at a
similar rate in areas that experienced tax decreases and increases. Overall, our results suggest that
land taxes have limited effects on the development of empty plots. As a result, our results suggest
that moving from a property tax to a land tax might increase housing development if property
taxes are a significant impediment to residential growth. However, our results also allow us to rule
out that land taxes alone might increase development. The 95% confidence interval for our ITT
estimates can rule out that a 1 p.p. increase in land taxes increases the number of developed plots
by more than 1.5 p.p. over nine years.

7We once again drop vacation homes.
8We focus on a set of properties for which we have a balanced panel and can observe the use of the

property in each year.
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Figure 3.9: The Effect of Land Taxes on Aggregate Residential Development

(a) Long Difference: Effect of Land Taxes on Residential Development
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(b) Placebo Test: Effect of Land Taxes on Residential Development in Pre-
Period
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Notes: Panel (A) plots the long difference between 2015 and 2006 in total residential square footage on the
land tax change instrument. Panel (B) plots the same effect, but from 1995 to 2001, before the tax change,
as a test for pre-trends. Point estimates and standard errors are shown, with standard errors clustered at
the new municipality level.
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Figure 3.10: The Effect of Land Taxes on Development of Empty Lots

(a) Long Difference: Effect of Land Taxes on Development of Empty Plots
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(b) Placebo Test: Effect of Land Taxes on Development of Empty Plots in
Pre-Period
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Notes: Panel (A) plots the long difference between 2015 and 2006 in log count of undeveloped plots from
1995 that remain undeveloped on the land tax change instrument. Panel (B) plots the same effect, but from
1995 to 2001, before the tax change, as a test for pre-trends. Point estimates and standard errors are shown,
with standard errors clustered at the new municipality level.
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Figure 3.11 investigates heterogeneity in the effects of land taxes on the usage of undeveloped
properties. Panels (A) and (B) show the effect split by whether the plot is on agricultural or
non-agricultural land. Public discussion of land taxes has focused chiefly on empty plots in urban
land. In addition, no response on agricultural land might mask significant results in urban areas
because agricultural land is subject to lower tax rates and advantageous land assessments, and the
propensity to develop on agricultural land is much lower. Figure 3.11, however, shows that we
estimate null effects on both agricultural and non-agricultural land. The estimate for building on
non-agricultural plots is exactly zero, while the estimate for non-agricultural plots is close to zero
and statistically insignificant.

Overall, our results suggest that higher land taxes have precisely estimated zero effects on
property development. Our findings hold when looking specifically at the development of empty
plots of land, or when looking at aggregate residential development. Our results imply that higher
land taxes do not reduce the total housing stock or residential building in an area. As a result, a
move from property taxes to land taxes might lead to higher development. However, our results
suggest that land taxes alone do not increase growth over the medium- to long term.

The Effect of Land Taxes on Mobility
An especially strong concern in policy circles is that higher property taxes may push individuals out
of their homes. This concern is especially prevalent for retirees on fixed incomes, who may be unable
to keep up with tax payments if property values increase. This concern is somewhat mitigated in
our setting because retirees in Denmark are eligible for a subsidized loan to cover their land tax
payments. However, in our setting, these mobility concerns may be amplified because, in contrast
to the predictions of theoretical models, we find null effects of taxes on home prices. As a result,
the statutory incidence is identical to the economic incidence, and households can avoid the tax by
moving to low-tax areas. This has important implications for the efficiency of land value taxes. If
households resort where they live in response to higher tax rates, this reduces the efficiency case for
land taxes.

We study this empirically by investigating whether property owners exposed to higher vs. lower
land taxes become more likely to sell their home in subsequent years. We focus on owners of primary
residences and run the following regression:

ya,t = β∆τ̃a + ηm(a) + δXa + ea. (3.20)

This specification mirrors the long difference specification, but our outcome variable is the (log)
share of incumbent homeowners (from 1995) who retain ownership of their home in year t. Figure
3.12, Panel (A) shows the effect on ownership in 2019. We estimate a precise zero effect of land
taxes on the probability an individual still owns their home in 2019. This indicates that the tax
shock does not affect individual decisions to sell or remain in their house. Panel (B) shows the effect
in 2001, before the shock, and serves as a placebo test. As with the long-term effect, we estimate a
small, statistically insignificant effect of (eventual) tax changes on the propensity of incumbents to
move. Our results show that higher taxes do not push incumbent homeowners out of their homes.
This suggests that, although homeowners could theoretically avoid the land tax by moving, the tax
shock does not prompt households to sell their house.
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Figure 3.11: The Effect of Land Taxes on Development of Empty Lots

(a) Long Difference: Effects on Non-Agricultural Land
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(b) Long Difference: Effects on Agricultural Land
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Notes: Panel (A) plots the long difference between 2015 and 2006 in log count of undeveloped non-agricultural
plots from 1995 that remain undeveloped on the land tax change instrument. Panel (B) plots the same effect,
but for agricultural plots. Point estimates and standard errors are shown, with standard errors clustered at
the new municipality level.
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Figure 3.12: Land Taxes Do Not Cause Homeowners to Sell Their Home

(a) Share of Remaining Homeowners in 2019
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(b) Share of Remaining Homeowners in 2001
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Notes: Panel (A) plots the share of primary, residential homeowners from 1995 who still own their home in
2019 on the land tax change instrument. Panel (B) plots the same effect, but in 2001, to test for pre-trends.
Point estimates and standard errors are shown, with standard errors clustered at the new municipality level.
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The Effect of Land Taxes on the Allocation of Housing
Though our model abstracts from the homeownership decision, in a standard neoclassical model,
land taxes should not affect the decision about whether or not to purchase a home. Theoretically,
higher land taxes should be offset by lower purchase prices, and households should be indifferent
between purchasing a home and paying the rental price (the user cost of housing) each period.
However, in models with financial frictions, individuals who are down-payment constrained may
be induced to purchase homes if higher taxes reduce the asset price of housing, thus allowing
some households that were previously down-payment constrained to purchase homes. Coven et al.
(2024) argue that higher property taxes would increase homeownership, especially among financially
constrained households. However, since we estimate null effects on purchase prices, this channel is
unlikely to be operative in our setting.

We use our experiment to study whether higher land taxes increased homeownership rates.
We re-estimate our long-difference specification but replace the outcome variable with the (log)
change in the number of residential homeowners. Since we find null effects on development, this
specification will capture whether higher land taxes affect the decision of whether to own or rent a
home. Figure 3.13, Panel (A) plots the long difference between 2019 and 2006. While the estimate is
positive, suggesting that homeownership numbers rose, the estimate is close to zero and statistically
insignificant. Our results suggest that higher land taxes did not induce higher homeownership rates
in the medium-to-long run. Panel (B) serves as a placebo test and shows that in the pre-period,
the slope is nearly identical to the post-period slope and statistically insignificant (though only
marginally). Overall, we find little evidence that higher taxes increase homeownership by relaxing
financial constraints.

We also investigate whether higher land taxes changed the composition of homeowners. We
repeat the long-difference specification but replace the dependent variable with the log share of
homeowners in a treatment area with particular characteristics. Figure 3.14, Panel (A) shows the
change in the share of young homeowners, which we define as under 35. We find no change in the
share of young homeowners in areas that experienced tax increases relative to areas that experi-
enced tax decreases. This provides additional evidence against the arguments made in Coven et al.
(2024) that higher property taxes can increase home purchases by young, financially constrained
households. If the price of housing does not fall in response to higher taxes, then there is no change
households ability to pay for a home.

In contrast, Panel (B) finds a significant decrease in the share of homeowners over 60 years
old. The effect is highly statistically significant (p < 0.001). Appendix Figure C.2 also shows no
significant differences between areas that eventually experienced tax increases versus decreases in
the pre-period. As a result, we find that while higher land taxes did not lead to increased home
sales in high-tax areas among incumbent homeowners, older individuals sorted away from high-tax
areas to low-tax regions.

In contrast, Panels (C) and (D) show that higher taxes have no effect on the share of lower-
income or very high-income homeowners. Panel (C) shows the effect of taxes on the share of
working households with below-median income.9 We find a precise zero effect of higher taxes on
the share of lower-income homeowners. Panel (D) shows the effects of higher taxes on the share

9We focus on working households to avoid the results being driven by retirees, who have low reported
incomes.
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Figure 3.13: Land Taxes Do Not Increase Homeownership

(a) Long Difference: Change in the Number of Homeowners

β = 0.010 (0.009)
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(b) Placebo Test: Change in the Number of Homeowners in the Pre-Period
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Notes: This figure plots binned scatterplots of the change in the number of primary homeowners in a given
treatment area. Panel (A) shows the long difference between 2006 and 2019, while Panel (B) shows the long
difference between 1995 and 2001, as a placebo test. Point estimates and standard errors are shown, with
standard errors clustered at the new municipality level.
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of rich households, which we define as households in the top 10% of the income distribution. The
coefficient is negative but has a relatively small magnitude and is statistically insignificant.10

Taken together, we estimate that higher land taxes did not affect the number of homeowners in
a treatment area. This contradicts the argument that higher property taxes reduce financial con-
straints by lowering sales prices, leading to increased homeownership (Coven et al., 2024). However,
we find that higher taxes reallocated the existing housing stock: higher taxes led to a decrease in
the share of older homeowners. This is consistent with older homeowners sorting away from areas
with higher land taxes during retirement years. Because we find no effect of higher taxes on the
probability of remaining in a home, the decrease in the share of older homeowners is unlikely to be
driven by older homeowners selling their homes in response to higher tax payments. This suggests
that land taxes affect the composition of homeownership within an area, and represents an efficiency
cost of land taxation not present in standard models. This also shows that differentiated local taxes
affect the allocation of homeowners across space.

3.9 Discussion

Discussion
What can explain our null effect on home prices? A natural explanation in the Danish context
comes from rent control for housing. In Denmark, approximately 50% of households are renters,
and nearly all private rental housing is subject to rent controls. In addition, for the major types of
rent control regulations, rent can explicitly be raised when taxes are increased (Whitehead, 2012).
In Appendix C.2, we present a version of our model where land is owned by landlords who rent to
the household. In this model, the highest rent a landlord can charge for a unit of land is:

R = R̄+ τPL.

When the rent cap is binding, the price of land is given by the following expression:

PL =
1 + r

r
R̄.

Thus, when landlords can pass through the tax increases, the price no longer depends on taxes:
V = R̄

r . In contrast, in this model higher taxes lead to higher rent payments:

R = R̄+ τPL = R̄+ τ
1 + r

r
R̄.

As a result, a key implication of this setting and explanation is that because the price does not
adjust, but the rents do, renters pay the tax rather than landlords. After the land tax increase, the
landlord’s net profits are the same (as higher rents exactly offset higher tax payments), but the rent
owed by the tenant has increased.

Given this potential explanation, it is particularly interesting that we also estimated precise null
effects of land taxes in the single-family home market. In this market, more than 80% of households

10Appendix Figure C.2 shows that none of these outcomes have significant pre-trends.
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are both landowners and tenants (to themselves). As a result, even in markets dominated by owner-
occupied housing, higher taxes do not lead to higher prices. It may be the case that prices are set
by the outside option of renting, in which case rental restrictions will still affect market prices, even
if they bind no tenants in equilibrium. However, given the substantial evidence of non-standard
pricing behavior in the housing market (Genesove and Mayer, 2001; Andersen et al., 2022), this
channel is speculative.

Similarly, given the recent evidence or pass-through of property taxes to rents documented across
a variety of institutional contexts (Löffler and Siegloch, 2021; Baker, 2024; Watson and Ziv, 2024),
it is entirely plausible that pass-through of land taxes to renters could hold in markets less bound
by rent control. This study also provides new evidence of how non-neoclassical forces may affect
tax incidence. Benzarti (2024) emphasizes how fairness norms play a role in determining incidence
of the payroll tax. Our work suggests that other institutional regulations may be important for
understanding the incidence of property taxation. More work on land and property taxes across
a variety of institutional settings is vital for understanding how regulations may interact with tax
policy and affect incidence.

Conclusion
Despite a long and rich intellectual history, we have surprisingly little evidence on the effects of
land-value taxation. In this paper, we exploit a unique institutional reform that generated large,
persistent, quasi-experimental variation in land-value tax rates across towns to study how individuals
and markets respond to land taxes. We have two main sets of results. First, we show that land taxes
are not capitalized into home prices. We estimate precise null effects of taxes on residential property
prices using a repeat-sales index. This result contradicts the standard view the incumbent owners
pay for higher taxes. This result is also inconsistent with the efficiency argument for land taxes:
incumbents can sell their homes to avoid paying taxes, implying taxes may generate an inefficient
allocation of housing. Finally, it suggests that taxes are paid by renters and future purchasers of
land, as well as incumbent homeowners.

Figure 3.15 shows the CDF of land ownership in Denmark in 2001, prior to the reform. Unsur-
prisingly, land holdings are concentrated at the top of the distribution. The top 3 deciles own nearly
50% of the value of the land. In a neoclassical world, it is these landowners who would pay a land
tax. In contrast, our results show that the tax burden is shared with renters and future purchasers.
The bars in pink show the share of individuals in each income decile who own no real property. In
contrast, non-property owners are concentrated at the bottom of the income distribution: in each
decile in the bottom half of the income distribution, more than 60% of individuals are renters. In
the bottom decile, the number is more than 80%. Our results show that land tax payments are
shifted to these individuals, implying a much more regressive tax than in standard models.

Second, we study how higher taxes affect aggregate development, mobility, and housing al-
location. Consistent with the neoclassical benchmark, but inconsistent with the most optimistic
Georgist predictions, we find null effects of higher land taxes on aggregate development. This sug-
gests that moving from traditional property taxes to land taxes may spur new development, though
higher land taxes alone do not lead to more intensive land use. We find this effect when looking
at aggregate residential development or specifically at the development of empty plots, which has
been the subject of an active policy debate. We also find that higher taxes do not affect a region’s
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Figure 3.15: Land Ownings Across the Income Distribution
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Notes: This figure plots CDFs of holdings of land across the income distribution. The bars in pink show the
share of individuals in each income decile who own no real property.

total quantity of homeownership. Taken together, these results speak against recent work that has
suggested higher land taxes may spur increased density or homeownership (Murphy and Seegert,
2024; Coven et al., 2024).

However, we find evidence that higher land taxes may have reallocated housing away from older
homeowners. Because we find null effects on the probability that incumbent homeowners sell their
homes, we interpret these results as suggesting that older households sort away from areas with
high taxes. This work also provides evidence against the view that land taxes are perfectly efficient
because taxes affect where households choose to locate.

Our findings have important implications for policymakers choosing from a range of possible tax
bases. Land taxes have traditionally been viewed favorably because they do not induce substitution
effects. In contrast, our results suggest that land taxes have consequences for efficiency. However,
these effects are somewhat limited as land taxes do not disincentivize housing production or land
usage. However, land taxes are paid broadly across the income and wealth distribution. Our
findings suggest that the land tax is paid by renters, future landowners, and current owner-occupied
homeowners, who are both landlord and tenant. The only people who do not pay any tax are
absentee landlords, who can pass off the tax to tenants. This imperils the political viability of
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land and property taxes and provides a potential explanation for the limited popular support for
property taxation (Elmendorf et al., 2024). In ongoing work, we study how individual renters and
residents of owner-occupied housing responded to this persistent change in their land tax burden.
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Appendix A

Appendix to The Macroeconomic Effects
of Defense Spending News

A.1 Campbell-Shiller Decomposition
Let Pt be the price of a stock index of defense contractors, and let Dt denote dividends. The gross
return from period t to t + 1 is Rt+1 = Pt+1+Dt+1

Pt
. We can express the log price pt ≡ log(Pt) as

follows using the Campbell-Shiller approximation:

pt − dt =
∞∑
j=0

ρj(∆dt+1+j − rt+1+j) +
κ

1− ρ

where lowercase variables are in logs and ρ = 1
1+D

P

≈ 0.99. We can solve this for the return rt+1:

rt+1 = dt − pt +
∞∑
j=0

ρj∆dt+1+j −
∞∑
j=1

ρjrt+1+j +
κ

1− ρ
.

We can do the same exercise for a broader market index with price Pm
t and subtract the market

return to get the excess return of defense contractors relative to the market:

rt+1 − rmt+1 = (dt − pt)− (dmt − pmt ) +

∞∑
j=0

ρj(∆dt+1+j −∆dmt+1+j)−
∞∑
j=1

ρj(rt+1+j − rmt+1+j).

This equation holds ex post, so it also holds ex ante for rational expectations and for non-rational
expectations that respect identities (see Campbell’s textbook). We assume rational expectations
and take the expectation conditional on information available at time t:

Et(rt+1− rmt+1) = (dt−pt)− (dmt −pmt )+Et
∞∑
j=0

ρj(∆dt+1+j −∆dmt+1+j)−Et
∞∑
j=1

ρj(rt+1+j − rmt+1+j).

Now consider an announcement that affects the expected the path of future dividends and discount
rates. Let Et be the expectation immediately before the announcement that does not take the new
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information into account, and let Ẽt denote the expectation immediately after the announcement,
but before t+ 1. The change in excess return when the news arrive is

(Ẽt − Et)(rt+1 − rmt+1)︸ ︷︷ ︸
Our shock zt

= (Ẽt − Et)
∞∑
j=0

ρj(∆dt+1+j −∆dmt+1+j)︸ ︷︷ ︸
Cash flow news

− (Ẽt − Et)
∞∑
j=1

ρj(rt+1+j − rmt+1+j)︸ ︷︷ ︸
Discount rate news

.

Consider the following set of assumptions:

1. The announcement contains news about the path of future defense spending {Gt+k}k≥1

2. Defense cash flows depend on defense spending through the simple relation:

∆dt = α+ γGt + et

where γ > 0 and et ∼ iid(0, σ2e).

3. Market cash flows are unaffected by the announcement. (This is stronger than necessary. It
is enough to assume that they are affected less than defense stocks.)

4. The announcement affects the expected future discount rates rt and rmt in the same way (so
the discount rate news term drops out).

Under these assumptions, we get

(Ẽt − Et)(rt+1 − rmt+1) = (Ẽt − Et)
∞∑
j=0

ρjγ∆Gt+1+j ,

so in this case our shocks reflect news about future defense spending.
What could go wrong? If the announcements contains no or little news, or if the cash flows

don’t depend on spending (γ = 0), then we would have no first stage (but this is testable and we
find that our shocks are highly predictive of future defense spending). Another possibility is that
markets are irrational and the assumption that asset prices reflect all available information is a not
a good approximation. In this case, stock prices may not react to news about defense spending.
If they consistently over- or under-react, then our shock series is still a valid instrument, since the
shocks are only identified up to scale. Nonetheless, we will simply assume expectations are rational.

Another possibility is that assumption is violated and market cash flows rise (future earnings
expectations go up). Defense stocks constitute about 2–3% of total public market capitalization in
the U.S., so direct effect of higher defense cash flows is small. However, as we emphasize in the
paper, there may be multiplier effects: An increase in defense spending can potentially stimulate
economic activity more broadly. Assume that defense spending news affect market cash flows less
than defense contractor cash flows:

∆dmt = αm + λγGt + emt

where λ ∈ [0, 1) determines how much the market is affected relative to the defense industry.
Maintaining the other assumption, we get

(Ẽt − Et)(rt+1 − rmt+1) = (Ẽt − Et)
∞∑
j=0

ρj(1− λ)γ∆Gt+1+j ,
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i.e. this simply re-scales the instrument.
Finally, discount rates may move differentially in response to the announcement. The discount

rates reflect time preference and risk premia. For instance, if the announcement affects the risk
premium of the defense stock index relative to the market, then our shock will also reflect discount
rate news.

Why does the expected path of defense spending change when a defense bill passes in Congress?
We can consider two edge cases:

• Investors expected (with high confidence) a different level of spending than the one that was
announced. For example, they knew the bill was going to pass, but in the last hours additional
spending was added.

• Investors were uncertain about future levels of spending and the announcement resolved this
uncertainty. For example, the bill is set in stone, but it is a coin flip whether it is going
to pass. The expected spending increase is Ge = 1

2G
pass + 1

2G
fail , and if the bill passes the

surprise is Gpass −Ge and defense stocks go up.

Our reading of the Congressional Record and the news coverage around is that late changes to the
bill do occur, but the second case is more common.
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A.2 Additional Figures

Figure A.1: Real Government Spending per Capita in the United States

Notes: This figure plots defense spending and total government spending in real 2017-chained dollars quar-
terly from 1947 to 2020.
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Figure A.2: Defense Stock Index Coverage: Share of Top 100 Defense Contracts
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Notes: This figure plots the coverage of our index, as well as the top 25 defense contractors, as a percentage
of the top 100 defense contracts in dollar terms quarterly from 1958 to 2023.
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Figure A.3: Quarterly Defense Spending Surprises

Notes: This figure plots our defense spending surprise series quarterly from 1947 to 2010. We convert our
daily series to quarterly by summing all shocks in a given quarter.
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Figure A.4: Quarterly Defense Spending Surprises

Notes: This figure plots our defense spending surprise series against (Ramey, 2011a)’s narrative shocks
quarterly from 1947 to 2010. We convert our daily series to quarterly by summing all shocks in a given
quarter. The defense spending series is measured in excess returns while the narrative series is measured as
a percentage of GDP.
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Figure A.5: Shock Autocorrelation
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Notes: This figure plots autocorrelation tests of our defense spending surprise series. The left panel plots
the sample autocorrelation and the p-value of a Ljung-Box test of autocorrelation. The right panel plots the
partial sample autocorrelation and the p-value of an Engle test.
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Figure A.6: Shock Predictability (Granger Causality Tests)
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Notes: This figure plots the p-values of a series of Granger-Causality tests. Each column reports the p-value
from a test of whether that variable Granger-Causes the defense spending surprise series. The last column
reports the p-value from a joint test of all variables in the proceeding columns.
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Figure A.7: Defense and Market Returns in September 2001

Notes: This figure plots the returns of defense contractors and the market around the September 11 attacks.
The left panel plots the cumulative excess returns (with September 11th normalized to zero). The right
panel plots the corresponding returns of defense contractors in blue circles and the market in red triangles.
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Figure A.8: Spending Responses to a Defense Spending Surprise (Baseline, Long Horizon)

Notes: This figure plots the response of defense spending and total government spending to a defense spending
surprise, normalized so the defense spending response peaks at one dollar per capita (chained 2017-dollars).
The solid blue lines are our estimates of βh in Equation (1.1) for different horizons h = 0, 1, 2, ...48. The
dark and light shaded areas are 68% and 95% confidence intervals.
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Figure A.9: Spending Responses to a Defense Spending Surprise (Post 1955, Long Horizon)

Notes: This figure plots the response of defense spending and total government spending to a defense
spending surprise, normalized so the defense spending response peaks at one dollar per capita (chained 2017-
dollars), restricting the sample to post-1955. The solid blue lines are our estimates of βh in Equation (1.1)
for different horizons h = 0, 1, 2, ...48. The dark and light shaded areas are 68% and 95% confidence intervals.



APPENDIX A. APPENDIX TO THE MACROECONOMIC EFFECTS OF DEFENSE
SPENDING NEWS 137

Figure A.10: Spending Responses to a Defense Spending Surprise (Excluding September 11
Attacks, Long Horizon)

Notes: This figure plots the response of defense spending and total government spending to a defense spending
surprise, normalized so the defense spending response peaks at one dollar per capita (chained 2017-dollars),
excluding the September 11th attacks from the defense spending surprise series. The solid blue lines are our
estimates of βh in Equation (1.1) for different horizons h = 0, 1, 2, ...48. The dark and light shaded areas are
68% and 95% confidence intervals.
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Figure A.11: Spending Responses to a Defense Spending Surprise (Excluding Supplemental
Appropriations, Long Horizon)

Notes: This figure plots the response of defense spending and total government spending to a defense
spending surprise, normalized so the defense spending response peaks at one dollar per capita (chained 2017-
dollars), excluding supplemental appropriations from the defense spending surprises. The solid blue lines
are our estimates of βh in Equation (1.1) for different horizons h = 0, 1, 2, ...48. The dark and light shaded
areas are 68% and 95% confidence intervals.
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Figure A.12: Response of Taxes and Deficits to a Defense Spending Surprise (Pre-2000
Subsample)
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Notes: This figure plots the response of defense spending and total spend to a defense spending surprise,
normalized so the defense spending response peaks at one dollar per capita (chained 2017-dollars), using the
pre-2000 sample. The solid blue lines are our estimates of βh in Equation (1.1) for different horizons h. The
dark and light shaded areas are 68% and 95% confidence intervals.
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Figure A.13: Response of Taxes and Deficits to a Defense Spending Surprise (Post-1954
Subsample)
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Notes: This figure plots the response of defense spending, nondefense spending, federal taxes and transfers,
and the federal deficits to a defense spending surprise, normalized so the defense spending response peaks
at one dollar per capita (chained 2017-dollars), using the post 1954 sample. The solid blue lines are our
estimates of βh in Equation (1.1) for different horizons h. The dark and light shaded areas are 68% and 95%
confidence intervals.
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A.3 Model
The construction and presentation of this model closely resembles the two-account HANK models
of Auclert et al. (2024) and Kaplan et al. (2018).

Environment
Time is discrete, and all agents have perfect foresight over aggregate shocks. The economy is pop-
ulated by final good producers, intermediate good producers, households, labor packers, individual
labor unions, banks, a monetary authority, and a fiscal authority.

Firms
We adopt the common two-tier production model with a continuum of monopolistically competitive
intermediate goods producers that sell their output to a final goods producer.

Final Good Producer The final good Yt is a composite, made from combining intermediate

inputs Yj,t using a CES technology: Yt =
(∫ 1

0 Y
νp−1
νp

j,t dj

) νp

νp−1

. The price of intermediate input j

is Pj,t. The final good producer sells the final good Yt to consumers at price Pt. The final good
producer maximizes PtYt−

∫ 1
0 Pj,tYj,t dj. Profit maximization by the final goods producer generates

a demand curve for each intermediate good:

Yj,t =

(
Pj,t
Pt

)−νp

Yt (A.1)

where Pt =
(∫

P 1−νp
j,t dj

) 1
1−νp . In symmetric equilibrium, all firms set the same price Pj,t = Pt, so

the final good producer makes no profit from production.

Intermediate Goods Producers Intermediate goods producers combine labor Nj,t and cap-
ital Kj,t−1 to produce the intermediate good Yj,t. The production function is Cobb-Douglas, i.e.,
Yjt = Kα

jt−1N
1−α
jt . They pay nominal wage Wt for workers, investment costs Xjt, and sell their prod-

uct for price Pj,t. Each producer faces both nominal and real rigidities. Specifically, each producer

faces Rotemberg price adjustment costs with partial indexation Ψp
j,t =

ψp

2

(
Pj,t

(Πt−1)ι
p
(Π)1−ιpPj,t−1

− 1
)2

and investment adjustment costs Ξj,t =
1

2δξ (
Xj,t

Xj,t−1
− 1)2Xt−1. Here, Πt = Pt

Pt−1
is the gross nominal

inflation rate, Π is the steady-state inflation rate, ιp is the degree of price indexation, and Xt−1

is the aggregate investment last period which intermediate producers take as given. Intermediate
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goods producers choose their nominal price, labor, and capital to maximize their value

Jt(Sj,t−1) = max
Nj,t,Sj,t

{
Pj,t
Pt

(
Pj,t
Pt

)−νp

Yt −
Wt

Pt
Nj,t −Xj,t − µt

[(
Pj,t
Pt

)−νp

Yt − F (Kj,t−1, Nj,t)

]

−Qt [Kj,t − (1− δ)Kj,t−1 −Xj,t]− Ξj,t −Ψp
j,t +

Jt+1(Sj,t)

1 + rt

}
(A.2)

where Sj,t = {Kj,t, Pj,t, Xj,t} are the state variables, and 1 + rt is the risk-free rate. The envelope
conditions of the problem are

JK,t = µtFK,t + (1− δ)Qt

JX,t =
1

δξ
(
Xj,t

Xj,t−1
− 1)

Xj,tXt−1

X2
j,t−1

JP,t = ψp(
Pj,t

(Πt−1)ι
p(Π)1−ιpPj,t−1

− 1)
Pj,t

(Πt−1)ι
p(Π)1−ιpP 2

j,t−1

and the optimality conditions for state variables Sj,t are

0 = −Qt +
JK,t+1

1 + rt

0 = (Qt − 1)− 1

δξ

(
Xj,t

Xj,t−1
− 1

)
Xt−1

Xj,t−1
+
JX,t+1

1 + rt

0 = (1− νp)

(
Pj,t
Pt

)1−νw Yt
Pj,t

+ µtν
p

(
Pj,t
Pt

)−νw Yt
Pj,t

− ψp
(

Pj,t
(Πt−1)ι

p(Π)1−ιpPj,t−1
− 1

)
1

(Πt−1)ι
p(Π)1−ιpPj,t−1

+
1

1 + rt
JyP,t+1.

In symmetric equilibrium, all firms set the same prices (Pj,t = Pt), labor demand (Nj,t = Nt),
marginal cost (µj,t = µt), capital demand (Kj,t = Kt), and investment (Xj,t = Xt).

Taking first-order conditions with respect to labor, we see that at the symmetric equilibrium

(1− α)µtYt =
Wt

Pt
Nt (A.3)

where µt is the real marginal cost.

Q-Theory of Investment The above conditions imply two standard Q-theory equations for
capital demand and investment:

Qt =
1

1 + rt
[µt+1FK,t+1 + (1− δ)Qt+1]

(gX,t − 1) = δξ[Qt − 1] +
gX,t+1

1 + rt
(gX,t+1 − 1)

(A.4)

where gX,t ≡ Xt
Xt−1

is the (gross) growth rate of investment.
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New Keynesian Phillips Curve Combining the envelope condition for past prices, and the
optimal pricing equation yields the nonlinear New Keynesian Phillips Curve(

Πt
(Πt−1)ι

p(Π)1−ιp
− 1

)
Πt

(Πt−1)ι
p(Π)1−ιp

= Yt(µt − µ)

+
1

1 + rt

(
Πt+1

(Πt)ι
p(Π)1−ιp

− 1

)
Πt+1

(Πt)ι
p(Π)1−ιp

(A.5)

where µ = νp−1
νp is the optimal markup in steady state and κp = νp

ψp is the slope of the Phillips
curve.

Production Dividends The per-period dividend earned by intermediate production is

Dt = Yt −
Wt

Pt
Nt −Xt − Ξt −Ψp

t . (A.6)

The ex-dividend price of the firm satisfies

P yt = Jt(St−1)−Dt. (A.7)

The intermediate firms issue equity, which is held by households.

Household
The economy is populated by a unit mass of households, facing income uncertainty. Each household
i in period t faces an idiosyncratic ability shock eit, which follows a Markov process. The proportion
of households with ability e in a given period is ω(e), the stationary probability of transition matrix
Ω. The average ability is normalized to 1, such that

∫
ω(e)de = 1. Household i consumes Ci,t and

receive flow utility u(Cit). Household i’s post-income is Zit =
e1−θ
it∫

et(h)1−θdh
Zt, where Zt = Wt

Pt
Nt − Tt

is aggregate post-tax income. Households hold liquid Ait and illiquid Ãit assets. Holding the liquid
asset incurs flow cost ζ(1+rt)Ait−1. Let Λit be an independent Bernoulli distribution, which equals 1
with probability λ and 0 with probability 1−λ. If Λit = 1, households can able to transfer funds Hit

between these accounts, otherwise, households cannot transfer funds. Households face borrowing
constraints for both liquid and illiquid assets Ait, Ãit ≥ 0. The households budget constraints are

Cit +Ait = Zit + (1 + rt−1)(1− ζ)Ait−1 −HitΛit

Ãit = (1 + rt−1)Ãit−1 +HitΛit

For ease of notation, we drop the i from the following analysis of households optimality conditions.
Households solve the following optimization problem

Vt(A, Ã, ϵ,Λ) = max
C,A,Ã,T

u(C)− v(N) + βE[Vt+1(A
′, Ã′, ϵ′,Λ′)]

s.t. C +A′ = ϵZt + (1 + rt−1)(1− ζ)A− TΛ

Ã′ = (1 + rt−1)Ã+ TΛ

A′, Ã′ ≥ 0
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where ϵ = e1−θ∫
e(i)1−θdi

is defined for simplicity and assumed to follow a Markov process with the
same transition matrix as e. While there is perfect foresight for aggregate shocks, households do not
have perfect foresight over idiosyncratic shocks. We assume that labor unions make labor supply
choices Nit for households.

Liquid Assets The first order condition for liquid savings is:

u′(C) ≥ βE[VAt+1(A
′, Ã′, ϵ′,Λ′)|ϵ,Λ].

When the borrowing constraints both bind the consumption function becomes Ct(A, Ã, ϵ,Λ) =
ϵZt+(1+rt−1)(1−ζ)(A+ΛÃ). Notice that the inability to access illiquid assets (i.e. Λ = 0) amplifies
the severity of hitting the borrowing constraint. Moreover, this allows for wealthy hand-to-mouth
households. The envelope condition for liquid assets is:

VAt(A, Ã, ϵ,Λ) = (1 + rt−1)(1− ζ)u′(Ct(A, Ã, ϵ,Λ)).

Combining the envelope condition with the first condition yields an Euler equation for liquid
assets

u′(Ct(A, Ã, ϵ,Λ)) ≥ (1− ζ)β(1 + rt)E[u′(Ct+1(A
′, Ã′, ϵ′,Λ′))|ϵ.Λ]. (A.8)

which features excessive discounting of the future, due to the flow costs of holding liquid assets
embodied in the parameter ζ.

Illiquid Assets Repeating this exercise for illiquid assets, is complicated by the ability or in-
ability to access assets. Without access (i.e. Λ = 0), the next period illiquid assets are given by
the budget constraint Ã′ = (1 + rt)Ã. With access (i.e. Λ = 1), an Euler equation for illiquid asset
emerges

u′(Ct(A, Ã, ϵ, 1)) ≥ λβ(1 + rt)E[u′(Ct+1(A
′, Ã′, ϵ′, 1))|ϵ]

+(1− λ)β(1 + rt)E[VÃt+1(A
′, Ã′, ϵ′, 0)|ϵ]

(A.9)

where VÃt(A, Ã, ϵ, 0) is the marginal value of illiquid assets without assets. By the envelope
condition, this marginal value equals

VÃt(A, Ã, ϵ, 0) = β(1 + rt)E[VÃt+1(A
′, Ã′, ϵ′,Λ′)|ϵ,Λ] (A.10)

Labor Union
We adopt the usual two-tier union structure with a continuum of monopolistically competitive
differentiated labor unions that sell their labor services to a representative competitive labor packer.
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Labor Packer A competitive labor packer combines tasks Nkt into an aggregate employment

services using a CES technology: Nt = [
∫
N

νw−1
νw

kt ]
νw

νw−1dk. Workers in each union earn a task-specific
wage Wkt. The labor packer maximizes profit WtNt−

∫
WktNktdk. Maximization produces demand

curve for each task:

Nkt =

(
Wkt

Wt

)−νw

Nt (A.11)

where Wt =
(∫
W 1−νw
kt dk

) 1
1−νw is the aggregate nominal wage. At the symmetric equilibrium, all

unions set the same wage Wkt =Wt, so the labor packer earns mo profit.

Individual Union Problem Households i rent their labor services to individual labor unions
k. Each union k aggregates the effective services of its members into a union specific task Nkt =∫
eitNikt di, where Nikt represents the hours supplied by household i to union k at time t and eit is

the labor efficiency. Hence,
∫
eitNikt di represents the efficiency-weighted hours worked. Households

spend a portion, possibly zero, of their labor hours working at each union. Each task is paid a wage
Wkt. Each individual union faces utility costs for adjusting the union-specific nominal wage Wkt.
Namely, individual labor unions face Rotemberg adjustment costs with partial indexing. At any
time t, union k sets is wage Wkt to maximize welfare for all workers it employs,

∞∑
τ=0

βt+τ

[∫ (
u(Cit)− v(Nit)

)
dΥi,t+τ −

ψw

2

(
Wk,t+τ

(Πwt−1)
ιw(Πw)1−ιwWk,t+τ−1

− 1

)2
]

(A.12)

where Πwt = Wt
Wt−1

is the gross aggregate nominal wage inflation at time t, πw = Πwt − 1 is wage
inflation in equilibrium, and ιw is the degree of wage indexation. Taking as given, the initial
distribution of households Ωit and the union specific demand curve.

The first-order condition of the union k with respect to Wkt is therefore

0 =

∫ (
∂Cit
∂Wkt

u′(Cit)−
∂Nit

∂Wkt
v′(Nit)

)
dΥit

− ψW
(

Wkt

(Πwt−1)
ιw(Πw)1−ιwWkt−1

− 1

)
1

(Πwt−1)
ιw(Πw)1−ιwWkt−1

+ βψw
(

Wkt+1

(Πwt )
ιw(Πw)1−ιwWkt

− 1

)(
Wkt+1

(Πwt )
ιw(Πw)1−ιwWkt

)
1

Wkt

Given the labor demand curve from the representative labor packer, the marginal impact of a
task-specific wage increase on labor hours is

∂Nit

∂Wkt
= −νw

(
Wkt

Wt

)−νw−1 Nt

Wt

Each household i, working for union k earns total real earnings,

Zit = τt

(
Wkt

Pt
eitNkt

)1−θ
= τt

(
eitW

1−νw
kt

Nt

PtW
−νw
t

)1−θ
.
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By the envelope theorem, we know that if households consume all income from the wage increase
that ∂Cit

∂Wkt
= ∂Zit

∂Wkt
. Therefore, the marginal impact of a wage increase on household i consumption

is

∂Cit
∂Wkt

= (1− νw)(1−MTRit)eit

(
Wkt

Wt

)−νw Nkt

Pt

where MTRit = 1− (1− θ)τt

(
Wkt
Pt
eitNkt

)−θ
is household i′s marginal tax rate at time t.

Wage Phillips Curve We exploit the fact that at a symmetric equilibrium, wages across unions
are equal Wkt = Wt, and thus labor supply is equalized across unions Nkt = Nt and thus across
households Nit = Nt. Therefore we can rewrite the optimal wage formula:(

Πwt
(Πwt−1)

ιw(Πw)1−ιw
− 1

)
Πwt

(Πwt−1)
ιw(Πw)1−ιw

=
νw

ψw
Nt

∫ (
v′(Nit)−

νw − 1

νw
(1−MTRit)eit

Wt

Pt
u′(Cit)

)
di

+ β

(
Πwt+1

(Πwt )
ιw(Πw)1−ιw

− 1

)
Πwt+1

(Πwt )
ιw(Πw)1−ιw

Note that in equilibrium,

(1−MTRit)eit
Wt

Pt
= (1− θ)τte

1−θ
it

(
Wt

Pt

)1−θ
N−θ
t = (1− θ)

e1−θit∫
e1−θit di

Zt
Nt

where Zt is average post-tax income. Replacing consumption with the “virtual aggregate consump-
tion” term C∗

t , we arrive at a non-linear New Keynesian Wage Phillips Curve:(
Πwt

(Πwt−1)
ιw(Πw)1−ιw

− 1

)
Πwt

(Πwt−1)
ιw(Πw)1−ιw

=
νw

ψw

(
Ntv

′(Nt)−
νw − 1

νw
(1− θ)Ztu

′(C∗
t )

)
+ β

(
Πwt+1

(Πwt )
ιw(Πw)1−ιw

− 1

)
Πwt+1

(Πwt )
ιw(Πw)1−ιw

(A.13)

where u′(C∗
t ) =

∫ e1−θ
it u′(Cit)∫
e1−θ
it di

di. Where κw = νw

ψwNv′(N) = νw

ψw because N = 1 in steady-state, and

µw = νw−1
νw .

Financial Markets
The financial system includes a representative bank and production firms that issue equity.
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Banks There is a single representative competitive bank. Let Bt real bonds, and Bn
t be a nominal

bond in zero net-supply, that can only be held by the bank. Banks’ real profits each period are

Db
t = (1 + rt−1)Bt−1 + (1 + it−1)

Bn
t−1

Pt
−Bt −

Bn
t

Pt

where rt is the interest rate earned on real bonds, and it is the interest rate earned on nominal
bonds. Profit maximization by banks and a no arbitrage conditions implies that the bank discounts
at the real rate r̃t = rt, and that the Fisher equation

1 + rt =
1 + it

1 + πt+1
(A.14)

holds for all t ≥ 0. In equilibrium, these banks make no profits from buying and selling bonds.
Since nominal bonds are in zero net supply, Bn

t = 0 for all banks. As in Auclert et al. (2024), we
also assume that the banks start with zero assets, so we have Bt = 0 at all times.

Liquid and Illiquid Accounts For simplicity, we assumed that households could only trade
liquid Ait or illiquid Ãit assets. Now we show how these accounts are constructed. Suppose house-
holds can now hold assets in either real bonds or shares of production. Under this assumption,
household i’s budget constraints become

Cit + P yt Vit +Bit = Zit + (1− ζ)[(P yt +Dt)Vit−1 + (1 + rt−1)Bit−1]−HitΛit

P yt Ṽit + B̃it = (P yt +Dt)Ṽit−1 + (1 + rt−1)B̃it−1 +HitΛit

where {Bit, B̃it} are household i’s liquid and illiquid holdings of bonds, {Vit, Ṽit} are household i’s
liquid and illiquid shares of equity, and {P yt , Dt} are the price and dividend of the firm share. The
no arbitrage conditions implies that these prices must equal

P yt +Dt = (1 + rt−1)P
y
t−1

By defining the liquid and illiquid asset position to be Ait ≡ P yt Vit +Bit and Ãit ≡ P yt Ṽit + B̃it
we can rewrite the household budget constraints as

Cit +Ait = Zit + (1− ζ)(1 + rt−1)Ait−1 −HitΛit

Ãit = (1 + rt−1)Ãit−1 +HitΛit
(A.15)

Monetary and Fiscal Policy
Monetary Policy The central bank implements monetary policy by directly setting the nominal
interest rate it on the nominal bonds (i.e. “reserves”) held by banks. The monetary authority adjusts
the nominal interest rate in response to inflation deviations, while aiming to smooth interest rates
across time. The central bank obeys a Taylor rule with interest-rate smoothing

it = ρiit−1 + (1− ρi)[r + ϕππt] (A.16)

where ϕp is the responsiveness of monetary policy, and ρi is the degree of interest rate smoothing.
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Fiscal Policy The flow budget constraint of the government is

Gt + (1 + rt−1)Bt−1 = Tt +Bt (A.17)

The fiscal authority adjusts taxes in response to government spending and debt deviations.
Specifically, the fiscal authority follows a Leeper rule with tax smoothing

dTt = ϕgdGt + ϕbdBt (A.18)

where dGt, dTt, and dBt are the change in government expenditure, taxes, and the real debt,
ϕg > 0 is the responsiveness of taxes to government spending, and ϕb > 0 is the responsiveness of
taxes to debt. In the baseline calibration we set this smoothing parameter to zero, but in alternative
calibrations we allow it to be non-zero.

Market Clearing
Market clearing in the goods market implies that

Ct +Gt +Xt +Ψp
t + Ξt + ζ(1 + rt−1)At−1 = Yt (A.19)

where Ct =
∫
Citdi is aggregate consumption, Ψp

t are the aggregate nominal adjustment costs, Ξt
are the aggregate real adjustment costs, and ζ(1 + rt−1)At−1 are the costs of holding liquid assets,
where we have used that At =

∫
Aitdi. Market clearing in financial markets implies∫

(Vit + Ṽit)di = 1∫
Bn
itdi = 0∫

(Bit + B̃it)di = Bt∫
Kjtdj = Kt

(A.20)

Walras’s Law Aggregating budget constraints across households, we have

∫
Citdi+

∫
(Bit + B̃it)di+ P yt

∫
(Vit + Ṽit)di =

∫
Zitdi

+(P Yt +Dt)

∫
(Vit−1 + Ṽit−1)di+ (1 + rt−1)

∫
(Bit−1 + B̃it−1)di

−ζ(1 + rt−1)

∫
Ait−1di

which, given market clearing, means

Ct +Bt = Zt +Dt + (1 + rt−1)Bt−1 − ζ(1 + rt−1)At−1 (A.21)

Combining this expression with the government budget constraint, and the definition of post
tax labor income Zt = Wt

Pt
Nt − Tt, and the definition of the dividend Dt, we arrive at the goods

market clearing condition Ct +Xt +Gt +Ψp
t + Ξt + ζ(1 + rt−1)At−1 = Yt.
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Equilibrium

Table A.1: Variable Names and Symbols

Name Symbol

Output Yt
Consumption Ct
Virtual consumption C∗

t

Government expenditure Gt

Aggregate taxes Tt
Post-tax income Zt
Capital stock Kt

Investment Xt

Liquid assets At

Illiquid assets Ãt

Nominal wage Wt

Price level Pt
Gross price inflation Πt

Gross wage inflation Πw
t

Real interest on capital Rk
t

Real interest rate Rt

Nominal interest rate It
Rental rate of capital Qt

Marginal cost µt
Capital adjustment cost Ξkt
Investment adjustment cost Ξxt
Price adjustment cost Ψp

t

Wage adjustment cost Ψw
t

Variables

Equations Production

Yt = ΘKα
t−1N

1−α
t (A.22)

Evolution of marginal cost

(1− α)µtYt =
Wt

Pt
Nt (A.23)

New Keynesian Phillips Curve
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(
Πt

(Πt−1)ι
p(Π)1−ιp

− 1)
Πt

(Πt−1)ι
p(Π)1−ιp

=
νp

ψp
Yt[µt − µ]

+
1

1 + rt
(

Πt+1

(Πt)ι
p(Π)1−ιp

− 1)
Πt+1

(Πt)ι
p(Π)1−ιp

(A.24)

The Q-theory of investment

Qt =
1

1 + rt
[µt+1FKt+1 + (1− δ)Qt+1]

(gXt − 1)gXt =
Xt

ξ
[Qt − 1] +

1

1 + rt
(gXt+1 − 1)gXt+1

(A.25)

Adjustment costs

Ξt =
ξ

2
(
Xt

Xt−1
− 1)2

Ψp
t =

ψp

2
(

Πt
(Πt−1)ι

p(Π)1−ιp
− 1)2

Ψw
t =

ψw

2
(

Πwt
(Πwt−1)

ιw(Πw)1−ιw
− 1)2

(A.26)

Dividend

Dy
t = Yt −

Wt

Pt
Nt −Xt − Ξt −Ψp

t . (A.27)

Asset market clearing and no arbitrage conditions

At = Bt + P yt

P yt =
1

1 + rt
(Dt + P yt+1)

(A.28)

Euler equation

u′(Ct(ϵ, A−)) ≥ β(1 + rt)E[u′(Ct+1(ϵ
′, A))|ϵ]. (A.29)

The Wage Phillips curve

(
Πwt

(Πwt−1)
ιw(Πw)1−ιw

− 1)
Πwt

(Πwt−1)
ιw(Πw)1−ιw

=
νw

ψw
[Ntv

′(Nt)−
νw − 1

νw
(1− θ)Ztu

′(C∗
t )]

+ β(
Πwt+1

(Πwt )
ιw(Πw)1−ιw

− 1)
Πwt+1

(Πwt )
ιw(Πw)1−ιw

(A.30)

Wage consistency condition

Πwt = Πt
Wt/Pt

Wt−1/Pt−1
(A.31)

Goods market clearing
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Ct +Gt +Xt +Ψt + Ξt = Yt (A.32)

where Ψt = Ψp
t +Ψw

t are the aggregate nominal adjustment costs, and Ξt are the aggregate real
adjustment costs.

Fisher Equation

1 + rt =
1 + it

1 + πt+1
(A.33)

Taylor Rule
it = ρiit−1 + (1− ρi)[r + ϕππt] (A.34)

Government budget constraint

Bt = Gt + (1 + rt−1)Bt−1 − Tt (A.35)

Fiscal rule
dTt = ϕgdGt + ϕbdBt (A.36)

Steady State
Y = ΘKαN1−α (A.37)

µ =
νp − 1

νp
(A.38)

µ = (1− α)
WN

PY
(A.39)

r + δ = αµ
Y

K
(A.40)

Q = 1 (A.41)

X = δK (A.42)

D = (1− µ)Y (A.43)

1 ≥ (1 + r)β (A.44)

Nv′(N) = µw(1− θ)(Y − T )u′(C∗) (A.45)

Πw = Π (A.46)

1 + r =
1 + i

1 + π
(A.47)

T = G+ rB (A.48)

Z =
W

P
N − T (A.49)

C +G+X + ζ(1 + r)A = Y (A.50)

A = B + P y (A.51)

P y =
(1− µ)

r
Y (A.52)
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C = C({Z, r}, P y +D;β) (A.53)

C∗ = C∗({Z, r}, P y +D;β) (A.54)

gX = 0 (A.55)

Ξ = 0 (A.56)

A.4 Additional Model Results

Role of Monetary Policy

Figure A.14: Role of Monetary Policy
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the hawkish monetary policy (ϕπ = 1.5) model’s response to the government spending
shock in the first panel.
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Role of Fiscal Policy

Figure A.15: Role of Fiscal Policy
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The
red dashed line is the baseline model’s response to the government spending shock in the first panel. The
green dot-dashed line is the tax-financed fiscal policy (ϕg = 1) model’s response to the government spending
shock in the first panel.

Alternative Models
Analytical Models The representative agent New Keynesian (RANK) model and the two-agent
bonds-in-the-utiliy function New Keynesian (TABU) model are different calibrations of the same
underlying analytical model. There are two types of agents: constrained and unconstrained. The
1 − µ mass of unconstrained agents earn income Zt = Wt

Pt
Nt − Tt and have access to a one-period

risk-free bond, which pays interest rt. Given their initial asset position A−1 the unconstrained
households solve

max
{Cut,Nut,Aut}∞t=0

C
1−1/σ
ut − 1

1− 1/σ
− N

1+1/η
ut

1 + 1/η
+ w(Aut)

Cut +Aut = Zt + (1 + rt−1)Aut−1

where Cut, Nut and , Aut are the unconstrained consumption, labor supply, and asset position,
σ is the intertemporal elasticity of substitution, η is the Frisch elasticity, and w(·) is the household
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demand for liquidity. This demand for liquidity, w(·), is weakly concave. The remaining µ portion of
the population is hand-to-mouth, with no access to financial markets. These constrained households
maximize:

max
Cct,Nct

C
1−1/σ
ct − 1

1− 1/σ
− N

1+1/η
ct

1 + 1/η

Cct = Zt

each period t. Aggregate consumption is Ct = (1 − µ)Cut + µCct, aggregate labor supply is
Nt = (1− µ)Nut + µNct, and the aggregate assets are At = (1− µ)Aut.

The Euler equation of this model, C−1/σ
ut = β(1+rt)C

−1/σ
ut+1 +w

′(Aut), implies that in steady-state

β(1 + r) = 1− w′(Aut)

(Cu)−1/σ
(A.57)

the interest rate is below the inverse of the discount factor, i.e., r < β−1 − 1, if the marginal
value of liquidity w′(Aut) is positive. Moreover, Auclert et al. (2024) (section 4) show that the
intertemporal marginal propensity to consume at the steady-state is

M = µI+ (1− µ)MBU

s.t. MBU
t0 = (1− λ

1 + r
)λt, ∀t ≥ 0

(A.58)

where λ is a parameter that maps to the shape of the liquidity demand function w(·), and MBU
t0

is the first column of MBU . See Appendix D.2 of Auclert et al. (2024) for more details.
Beyond the usual household preferences, i.e., σ, η, β, this model is characterized by the proportion

of hand-to-mouth agents µ and the degree of liquidity demand λ. When there are no hand-to-mouth
agents (µ = 0) and no demand for liquidity (λ = 0), this model collapses to the RANK formulation
with marginal propensity to consume

MRA
t0 = (1− β)βt, ∀t ≥ 0 (A.59)

in the first column of the iMPC matrix M. On the other hand, if there were hand-to-mouth
households (µ > 0) but not liquidity demand (λ = 0) the model would collapse to standard TANK
model (e.g. Galí et al. (2007)).

In the main text we compare out baseline model to a RANK (µ = 0, λ = 0) variation and
a TA BU (µ > 0, λ > 0) variation. To calibrate the RANK model, we use the discount factor
β to discipline the iMPC matrix. To calibration the TABU model we match the first two iM-
PCs, MTABU

00 ,MTABU
10 to match the first and second iMPC from a one-asset HANK model, i.e.

MHA1
00 ,MHA1

10 . This sets β = .965, µ = .138, λ = .946.
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Figure A.16: Alternative Model: RANK
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the RANK model’s response to the government spending shock in the first panel.
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Figure A.17: Alternative Model: TABU
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the TABU model’s response to the government spending shock in the first panel.
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Figure A.18: Alternative Model: Flexible Prices
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the flexible price model’s response.
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Figure A.19: Alternative Model: Flexible Wages
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the flexible wage model’s response to the government spending shock in the first panel.
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Figure A.20: Alternative Model: Capital Adjustment
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The
red dashed line is the baseline model’s response to the government spending shock in the first panel. The
green dot-dashed line is the capital adjustment model’s response to the government spending shock in the
first panel.
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Figure A.21: Alternative Model: No Price Indexation
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the no indexation model’s response to the government spending shock in the first panel.
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Figure A.22: Alternative Model: Policy Smoothing
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the no policy smoothing model’s response to the government spending shock in the first
panel.



APPENDIX A. APPENDIX TO THE MACROECONOMIC EFFECTS OF DEFENSE
SPENDING NEWS 162

Figure A.23: Alternative Model: larger Frisch elasticity (η−1 = 1)
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Notes: This figure plots the estimated and model implied responses out output, consumption, investment,
taxes, nominal interest rates, inflation, and real wages to a defense spending surprise, normalized so the
defense response peaks at one percent of GDP. The sold blue lines are our estimates of βh in Equation (1.1)
for different horizons h. The dark and light shaded areas are the 68% and 95% confidence intervals. The red
dashed line is the baseline model’s response to the government spending shock in the first panel. The green
dot-dashed line is the larger Frisch elasticity model’s response to the government spending shock in the first
panel.
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Additional Results
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Figure A.24: Effect of an AR(1) Defense Spending Shock

Notes: This figure plots the model implied responses out output, consumption, investment, taxes, nominal
interest rates, inflation, and real wages to an AR(1) government spending surprise. The red dashed line is
the baseline model’s response to the government spending shock in the first panel.



APPENDIX A. APPENDIX TO THE MACROECONOMIC EFFECTS OF DEFENSE
SPENDING NEWS 164

Ta
bl

e
A

.2
:

A
lt

er
na

ti
ve

C
al

ib
ra

ti
on

s.

M
od

el
H

aw
ki

sh
ne

ss
(ϕ

π
)

In
te

re
st

-s
m

oo
th

in
g

(ρ
i)

F
is

ca
lr

ea
ct

io
n

to
G

(ϕ
g
)

F
is

ca
lr

ea
ct

io
n

to
B

(ϕ
b
)

In
ve

st
m

en
t

el
as

ti
ci

ty
(ξ
I
)

B
as

el
in

e
1.

20
6

0.
16

4
.5

11
0.

0
1.

69
4

R
A

N
K

1.
02

0
0.

0
.3

92
0.

0
1.

15
1

TA
B

U
1.

15
8

0.
35

8
.4

29
0.

0
.9

70
F
le

xi
bl

e
pr

ic
e

1.
04

6
0.

03
6

.1
47

0.
0

1.
31

3
F
le

xi
bl

e
w

ag
e

1.
04

5
0.

97
2

1.
00

0.
0

.3
89

C
ap

it
al

ad
ju

st
m

en
t

1.
10

6
0.

06
9

.0
99

0.
0

0.
0

N
o

in
de

xa
ti

on
1.

42
3

0.
17

3
.0

33
0.

0
1.

27
3

W
it

ho
ut

po
lic

y
sm

oo
th

in
g

1.
20

0
0.

00
0

.5
24

0.
0

.8
00

La
rg

er
Fr

is
ch

1.
32

2
0.

15
2

.4
65

0.
0

1.
67

3



165

Appendix B

Appendix to Monopsony with Recruiting

B.1 Estimation Details
We begin by explaining our estimation strategy using minimum distance. Define Zt to be a vector
of a finite sample of zj,t shocks in the model.

In response to a shock, the firm’s path for the new hire wages, hiring rate, and employment are
deterministic and satisfy (2.13). We asssume we are log-linearizing around a point where εR,w =
−εS,w = 2. We also know that in the linearized model, each variable is a linear function of shocks.
For example, w̃j,t = βw0 zj,t. Thus we can substitute firm-level endogenous variables with the firm
j-specific shock zj,t times a variable-specific slope:

βw0 zj,t =
1

2Ω

(
(χβh0 zj,t + σβNt−1zj,t) + S

∞∑
κ=0

(1− S)κ χβhκ+1zj,t + σβNκ zj,t − (1 + χ)2βwκ+1zj,t

)
,

If this equation holds with equality for any individual firm j, summing over j on both sides of
the equation also holds with equality, so we can cancel the sum of shocks,

∑
j zj,t:

∑
j

βw0 zj,t =
∑
j

1

2Ω

(
(χβh0 zj,t + σβNt−1zj,t) + S

∞∑
κ=0

(1− S)κ χβhκ+1zj,t + σβNκ zj,t − (1 + χ)2βwκ+1zj,t

)

βw0 =
1

2Ω

(
(χβh0 + σβNt−1) + S

∞∑
κ=0

(1− S)κ χβhκ+1 + σβNκ − (1 + χ)2βwκ+1

)
. (B.1)

Suppose we did not know χ and σ, but we had simulated data from the linearized model. Define
W̃t as the vector of values w̃jt for the shocked firms, and W̃t+1 as the vector of values w̃j,t+1 for the
shocked firms, H̃t as the vector of log deviations of hiring rates of firms shocked in period t, and
Ñt as the vector of log deviations of employment levels of firms shocked in period t, and so on. Let
Ỹt ≡ [W̃t W̃t+1... H̃t H̃t+1... Ñt Ñt+1...] be a matrix of log deviations of steady state of firms
shocked in period t. The slope coefficients π ≡ [βw0 βw1 ... β

h
0 βh1 ... β

N
0 βN1 ... ] could be recovered

from regressing firm outcomes Ỹt on Zt:

π = (Z ′
tZt)

−1(Z ′
tỸt).
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Next we can use these coefficients to uncover the true values of χ and σ. Equation (B.1) can be
rolled forward so that we have two conditions that must hold:

βw0 + (1 + χ)
1

Ω
S

∞∑
κ=0

(1− S)κβwκ+1 =
χ

2Ω

(
βh0 + S

∞∑
κ=0

(1− S)κβhκ+1

)
+

σ

2Ω

(
βN−1 + S

∞∑
κ=0

(1− S)κβNκ

)
βw1 + (1 + χ)

1

Ω
S

∞∑
κ=1

(1− S)κβwκ+1 =
χ

2Ω

(
βh1 + S

∞∑
κ=1

(1− S)κβhκ+1

)
+

σ

2Ω

(
βN0 + S

∞∑
κ=1

(1− S)κβNκ

)
.

We have two equations and two unknowns, and χ and σ can be solved for exactly.
Next, we estimate (2.14) and (2.15) in a stacked regression and recover the vector of regression

coefficients π̂ ≡ [β̂w0 β̂w1 β̂w2 β̂h0 /h̄ β̂h1 /h̄ β̂h2 /h̄ β̂N0 β̂N1 β̂N2 ] from Table 2.4 of the main text
and the following variance-covariance matrix of regression coefficients in Table B.1, truncating the
regression to have three years of horizon.

Table B.1: Variance Covariance Matrix Σ̂

β̂h0 β̂h1 β̂h2 β̂N0 β̂N1 β̂N2 β̂w0 β̂w1 β̂w2
0.0026 0.0015 0.0013 0.0006 0.0010 0.0010 0.0000 0.0000 0.0000
0.0015 0.0028 0.0015 -0.0003 0.0007 0.0010 0.0000 0.0000 0.0000
0.0013 0.0015 0.0025 -0.0003 -0.0001 0.0006 -0.0001 0.0000 0.0000
0.0006 -0.0003 -0.0003 0.0013 0.0013 0.0011 0.0000 0.0000 0.0000
0.0010 0.0007 -0.0001 0.0013 0.0024 0.0023 0.0001 0.0000 0.0000
0.0010 0.0010 0.0006 0.0011 0.0023 0.0032 0.0000 0.0001 0.0000
0.0000 0.0000 -0.0001 0.0000 0.0001 0.0000 0.0016 -0.0001 -0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 -0.0001 0.0016 -0.0002
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001 -0.0002 0.0015

Notes: This table reports the variance-covariance matrix of regression coefficients for the joint regressions
of (2.14) and (2.15) where the dependent variables are switcher wage growth, firm hiring rate, and log firm
employment, in years 0, 1, 2 in response to an export demand shock.

Next, we construct f from equation (2.17) in the main text. To map our annual regression
estimates into a monthly model, we assume that hires occur evenly across months within the year,
and plug in annual estimates for each year’s corresponding 12 months. The formula for this can be
seen in equation (B.2). We then plug in our point estimates π̂ into f , and search over values of σ
and χ to minimize

min
σ,χ

f(π̂, σ, χ,Θ)′f(π̂, σ, χ,Θ).

with Θ = {S, εR,w, εS,w, ξR,w, ξS,w}, and where f is written out in equation (B.2) with Ω =

1+
εR,w

εR,w−εS,w (−ξR,w − εS,w + (1 + χ)εR,w) +
−εS,w

εR,w−εS,w (−ξS,w − εS,w). When minimizing (2.17), we
additionally include a small quadratic penalty term: (12× .0025× (χ−0))2+(12× .0025×(σ−0))2,
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which helps rule out economically implausible estimates. We set εR,w = −εS,w = −ξR,w = ξS,w = 2
and choose S = 0.05. We use the Matlab function lsqnonlin. Our estimate for the inverse labor
supply elasticity is then ε̂w,N = σ̂

1+E(1+χ̂) .

f(π̂, σ, χ,Θ) =

−(1+χ)S
∑10

κ=0(1−S)κ
Ω − 1

−(1+χ)S
∑9

κ=0(1−S)κ
Ω − 1 . . . 0

−(1+χ)S(1−S)11
Ω

−(1+χ)S
∑11

κ=10(1−S)κ
Ω . . . −1

0 0 . . .
−(1+χ)S

∑11
κ=0(1−S)κ

Ω
χ(1+S

∑10
κ=0(1−S)κ)
2Ω

χ(1+S
∑9

κ=0(1−S)κ)
2Ω . . . 0

χS(1−S)11
2Ω

χS
∑11

κ=10(1−S)κ
2Ω . . . χ

2Ω

0 0 . . .
χS

∑11
κ=0(1−S)κ
2Ω

σ(S
∑11

κ=0(1−S)κ)
2Ω

σ(1+S
∑10

κ=0(1−S)κ)
2Ω . . . 0

0
σS

∑11
κ=11(1−S)κ
2Ω . . . σ

2Ω

0 0 . . .
σS

∑11
κ=0(1−S)κ
2Ω



′

︸ ︷︷ ︸
A24×9

×



β̂w0

β̂w1

β̂w2

β̂h0 /h̄

β̂h1 /h̄

β̂h2 /h̄

β̂N0

β̂N1

β̂N2


︸ ︷︷ ︸
π̂9×1

(B.2)

Lastly, we characterize the uncertainty of our estimates by sampling from a joint normal distribution
∼ N (π̂, Σ̂). For each draw, we re-estimate σ and χ using the same procedure and compute an inverse
labor supply elasticity ε̂w,N = σ̂

1+E(1+χ̂) for each draw. We plot the distribution of χ̂ and ε̂w,N in
Figure B.1 and report the 10th and 90th percentiles of χ̂, σ̂, and ε̂w,N in Table 2.5 in the main text.
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Figure B.1: Distribution Estimates of χ and Inverse Labor Supply Elasticity εw,N

(a) Recruiting Rate Cost Parameter χ̂ (b) Inverse Labor Supply Elasticity ε̂w,N

Notes: This figure shows the distribution of estimates for the parameter χ and firm specific inverse labor
supply elasticity εw,N . Estimates are obtained by resampling from a multivariate normal distributed N (π̂, Σ̂),
and choosing σ and χ to minimize equation (2.17), where f is defined in equation (B.2).

B.2 Switcher Wage Levels
We report how the raw log wage level of job switchers changes in response to a period 0 export
demand shock. That is, we run the regression in equation (2.15), except the outcome variable is the
average log wage of arriving workers, both in the year they arrive and their wages prior to switching.
Let logwswitcher

j,t+ν ≡ 1
|switchersj,t|

∑
i∈switchersj,t logwi,j,t+ν be the average log wage of workers who arrive

in firm j in period t+ν, and let logwswitcher
j,t+ν−2 ≡ 1

|switchersj,t|
∑

i∈switchersj,t logwi,k,t+ν−2 be the average
prior log wage of workers who arrive in firm j in period t+ν. We estimate the following regressions:

logwswitcher
j,t+ν−2 =β

w
ν z

idiosyncratic
j,t + δwν Xj,t + uwj,t+ν (B.3)

logwswitcher
j,t+ν =βwν z

idiosyncratic
j,t + δwν Xj,t + uwj,t+ν (B.4)

Figure B.2a shows that prior log wage of workers did not change much around the timing of
export demand shocks, suggesting that the composition of workers that firms did not change much
in response to export demand shocks. While more positively shocked firms may have hired workers
with slightly lower prior wages on impact, the estimate is very noisy. Figure B.2b shows how the raw
log wage of newly hired job switchers changes around an export demand shock. Wages are higher
in on impact, but not statistically significantly. The coefficient estimates are noisy, suggesting that
differencing switcher wages removes highly variable person effects.
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Figure B.2: Raw Log Wage of Switchers

(a) Prior Log Wage Level (b) Log Wage Level

Notes: This figure reports the coefficient of a period t export demand shock on the raw two-year prior log
wage level and the raw log wage level and of different cohorts of job switchers arriving in period t+ ν. Each
point corresponds to a different cohort of hired workers. For example, in horizon ν = 0, these are workers
who arrive in the firm in the same period t as the export demand shock, and their prior wage reflects the
log wage the worker earned two years prior to the export demand shock (t− 2).

B.3 Robustness: Measures of Switcher Wage Growth
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B.4 The Firm Size Wage Premium
In the main text, we showed that when manufacturing firms are subject to export demand shocks,
these firms do not pay any higher wages to new hires than the firms did prior to the shock. In this
section, we estimate the the effect of firm size on workers’ wages for Danish firms economy-wide
between 2008-2019. We regress workers’ log wages on the log of a firm’s average employment level in
full-time equivalent (FTE) workers, averaged over 2008-2019. We do this for two separate samples
of firms: first restricting to firms with 5 or more full-time equivalent workers, and second, restricting
to firms with 25 or more FTEs:

logwijt = αN̄i + βN̄ logNj + ξN̄j,t + eN̄ijt,

where αN̄i is a worker fixed effect, ξN̄j,t is a firm-level industry-by-year fixed effect. We cluster the
standard errors at the firm level.

Table B.2: Firm Size Wage Premium

(1) (2)
logwijt logwijt

logNj 0.00531 0.00146
(0.000543) (0.000706)

Sample exp(logNj) ≥ 5 exp(logNj) ≥ 25

Observations 17,389,575 14,475,115
No. Firms 53,200 9,885

Notes: This table reports regressions estimating the effect of firm size on workers’ log wages that includes
worker fixed effects and industry-by-year fixed effects. For firms with an average employment of at least 5
full time equivalent workers, the elasticity of worker wages to firm size is 0.005. For firms with at least 25
workers, the elasticity of wages to firm size is 0.001. Standard errors are clustered at the firm level.

Table B.2 reports the results. For firms with 5 or more workers, the elasticity of workers’ wages
with respect to firm size is 0.005, or 0.5%. Focusing only on firms with on average 25 workers or
more, the elasticity drops to .001, or around 0.1%. These estimates are similar to the elasticities of
firm wage effects on log firm size estimated in the United States (Bloom et al., 2018), particularly
for medium-sized and large firms, suggesting that our results are not solely a feature of the high
union density in Denmark.
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B.5 Worker’s Problem
Worker’s Value Function The worker gets utility from wages and draws a utility shock when
given a choice between two firms. Let νk be the share of vacancies in the market posting wage
w = wk.

Vj,s,t =
η

η − 1

(
w

η−1
η

j,s,t − 1

)
+ βws0VU+

βw(1− s0)Et

[
λEEf(θ)

∫
k
νkγ

−1 log

(
exp (γVj,s,t+1) + exp (γVk,t+1)

)
dk+

(1− λEEf(θ))max{Vj,s,t+1,VU}
]
, (B.5)

How Worker’s Value Function Changes with a Firm’s Wage When deriving how a
change in the firm’s wage policy affects worker values, we will assume that workers believe that the
wage change is permanent. We will consider the case of no wage dispersion and VU < Vj :

∂Vj
∂wj

= w
− 1

η

j + βw(1− s0)

(
f(θ)λEE

∫
υk

(
exp (γVj)

exp (γVj) + exp (γVk)

)
dk +

(
1− f(θ)λEE

)) ∂Vj
∂wj

.

We can substitute in the expression for the separation rate from equation (2.3) (under the assump-
tion that workers are not quitting into unemployment or exogenously separating). Under symmetry,
values are equal across firms Vj = Vk, firm employment and firm vacancy shares are equal ϕk = υk,
and if there are no exogenous separations, then S = λEEf(θ)/2.

∂Vj
∂wj

=w
− 1

η

j + βw

(
S(wj , w−j , θ) +

(
1− f(θ)λEE

)) ∂Vj
∂wj

=w
− 1

η

j + βw

(
S(wj , w−j , θ) +

(
1− 2S(wj , w−j , θ)

)) ∂Vj
∂wj

=w
−1
η

j + βw

(
1− S(wj , w−j , θ)

) ∂Vj
∂wj

,

resulting in

∂Vj
∂wj

=
w

− 1
η

j

(1− βw(1− S))
. (B.6)

B.6 Firms’ Dynamic Problem
This appendix section derives the decomposition of marginal product in Section 2.2, quantifies the
effect of non-zero discounting, and derives the inverse labor supply elasticity in Section 2.2.
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If the firm is operating within a stationary environment, (i.e., S(w) and R(w) are not changing),
the firm maximizes the present discounted value of profits. Ignoring a firm subscript, the firm’s
problem is:

max{
Vt, Kt, Nt, {Ns,t}s≤t, {ws,t}s≤t

}∞

t=0

∞∑
t=0

βtf

(
At
(
Kα
t N

1−α
t

) ϵ−1
ϵ −

t∑
s=−∞

ws,tNs,t − rKKt − c

(
Vt
Nt−1

)χ
Nσ
t−1Vt

)
(B.7)

subject to

Recruiting: Nt,t = R(wt,t)Vt for all t
Retention: Ns,t = (1− S(ws,t))Ns,t−1 for all t and s < t

Employment is sum of cohorts: Nt =
t∑

s=−∞
Ns,t for all t

Wage at least posted wage: ws,t ≥ ws,s for all t and s < t

where the total number of workers in the firm Nt is the sum of all workers from each past cohort
still remaining in the firm: Nt =

∑t
s=−∞Ns,t which we substitute into the equation and obtain the

Lagrangian and check for the fourth restriction in Appendix B.7:

L =
∞∑
t=0

βtf

[
At

(
Kα
t

t∑
s=−∞

N1−α
s,t

) ϵ−1
ϵ

−
t∑

s=−∞
ws,tNs,t − cV 1+χ

t

(
t−1∑

s=−∞
Ns,t−1

)σ−χ
+ λt (R(wt,t)Vt −Nt,t)

+
∑
s<t

µs,t ((1− S(ws,t))Ns,t−1 −Ns,t)

]
Assuming that the wage posting constraint binds, the first order conditions are:

LNs,t :MRPLt − ws,t − λt − βfc(σ − χ)

(
Vt+1

Nt

)χ
Nσ−1
t Vt+1 + βfµs,t+1(1− S(ws,t+1)) = 0

Lw0,0 : −
∞∑
t=0

βtfN0,t −
∞∑
t=1

βtfµ0,tN0,t−1S
′(w0,0) + λ0R

′(w0,0)V0 = 0

LVt : −c(1 + χ)

(
Vt
Nt−1

)χ
Nσ
t−1 + λtR(wt,t) = 0.

Rearranging the first order condition on Vt yields, imposing steady state, and using that V
N = S(w)

R(w)
whereby also λ=µ:

λ = µ =
c(1 + χ)

(
S(w)
R(w)

)χ
R(w)

Nσ.
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With some algebra, the first order condition on wages yields

w = c(1 + χ)Nσ

(
S(w)

R(w)

)1+χ(1− βf (1− S(w))

S
εR,w − βfεS,w

)
. (B.8)

We can now solve for what shares of marginal product go to wages, turnover costs, and profits
in steady state. The wage share of marginal product is then

w

MRPL
=

(1 + χ)
(
1−βf (1−S(w))

S εR,w − βfεS,w

)
(1 + χ)

(
1−βf (1−S(w))

S εR,w − βfεS,w

)
+
(
(1 + χ)

1−βf
S(w) + βf (1 + σ)

)
.

Recruiting costs per worker are given by c
(
V/N

)1+χ
Nσ in steady state, so as a share of marginal

product we get

Recruiting costs per worker
MRPL

=
1

(1 + χ)
(
1−βf (1−S(w))

S εR,w − βfεS,w

)
+
(
(1 + χ)

1−βf
S(w) + βf (1 + σ)

)
The labor market profit per worker is the gap between marginal product and the sum of wages and
per-incumbent recruiting costs.

Labor market profits per worker
MRPL

=

(
(1 + χ)

1−βf
S(w) + βf (1 + σ)

)
− 1

(1 + χ)
(
1−βf (1−S(w))

S εR,w − βfεS,w

)
+
(
(1 + χ)

1−βf
S(w) + βf (1 + σ)

)
How large are the additional terms due to discounting? At a monthly frequency, total monthly sepa-
ration rates are approximately S = 0.05, and given an annual discount rate, βf can be approximated
to being equal to 0.995. Setting σ = 0 and χ = 2, εR,w = 2, and εS,w = −2, then

Labor market profits per worker
MRPL

≈ 0.021.

This calculation implies that under standard parameters, the additional profits collected on the
margin are 2.1% of marginal product. Economically, standard time preferences are quantitatively
unimportant because the discounting from the time preference rate is an order of magnitude smaller
than the separation rate. Because matching with a worker requires an upfront investment with a
future flow of payoffs, but the life of that flow of payoffs is affected by the separation rate, the
relevant discount rate to the firm is the sum of the separation rate and time preference parameter.

Deriving the Inverse Labor Supply Elasticity in General Form To derive the inverse
labor supply elasticity, we start with the optimal wage equation:

w = c(1 + χ)

(
S(w)

R(w)

)1+χ

(εR,w − εS,w)N
σ.

Taking logs (and) reinstating the (w)) yields
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log(w) = log(c(1 + χ)) + (1 + χ) log

(
S(w)

R(w)

)
+ log E + σ log(N).

where E = εR,w − εS,w. Taking the total derivative with respect to log(w), we get

1 = (1 + χ) (εS,w − εR,w) + εE,w + σεN,w

= −(1 + χ)E + εE,w + σεN,w.

Rearranging and using εw,N = ε−1
N,w yields

εw,N =
σ

1 + (1 + χ)E − εE,w
.

B.7 Proof of Proposition 1
This appendix section proves Proposition 1 in three steps. First, in Section B.7, assuming a sta-
tionary equilibrium exists, we show that the sum of recruiting and separation elasticities is equal to
γ at any wage level. In Section B.7, we characterize firms’ optimal wages and employment levels as
functions of parameters and aggregate variables. Then in Section B.7, we prove that firms do not
find it optimal to backload wages. Lastly, in Section B.7, we show that the equilibrium is unique.

Constant Sum of Recruiting and Separation Elasticities

This section proves the claim from Section 2.2 that if there are no exogenous separations s0 = 0,
workers completely discount βw = 0, and workers have log indirect utility from wages η → 1, and
if a stationary equilibrium exists where firms are in steady state, then the sum of recruiting and
separation elasticities εR,w − εS,w = γ for any choice of w in steady state.

Suppose that a steady state equilibrium exists, characterized by tightness θ, the aggregate wage
index w̃, the distribution of posted wages Υ(w), the distribution of employed wages Φ(w), and
wage, employment, and vacancy policies w∗

j , N
∗
j , and V ∗

j . Suppose there are K wage levels. Given
w1, ...wK and V1, ..., VK , we want to solve for steady state employment shares ϕ1, ..., ϕK . We also
want to show that εR,w − εS,w = γ in this steady state. Let us assume that:

ϕi
ϕk

=
υi
υk

(wi
wk

)γ
for any two wage levels i and k. Then we need to (1) show that the employment share in any wage
level is in a steady state, (2) solve for the level of the ϕk’s, and (3) show that εR,w − εS,w = γ for
any firm j’s wage policy wj .

First let’s show that inflows are equal to outflows for any sector i. Inflows to sector i are:

Vig(θ)
∑
k ̸=i

ϕk
wγi

wγi + wγk

= Vi
g(θ)

f(θ)
f(θ)

∑
k ̸=i

ϕi
υk
υi

(
wk
wi

)γ wγi
wγi + wγk

(
since

ϕk
ϕi

=
υk
υi

(wk
wi

)γ)
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=Vi
1

θ
f(θ)ϕi

1

υi

∑
k ̸=i

υk
wγk

wγi + wγk

=Vi
S

V
f(θ)ϕi

V

Vi

∑
k ̸=i

υk
wγk

wγi + wγk

=SNf(θ)ϕi
∑
k ̸=i

υk
wγk

wγi + wγk

=NiλEEf(θ)
∑
k ̸=i

υk
wγk

wγi + wγk
,

which is the formula for outflows from sector i (using f(θ)/g(θ) = θ, θ = V/S, S = λEEN ,
ϕi = Ni/N). Thus, when ϕi

ϕk
= υi

υk

(
wi
wk

)γ
, this labor market is in steady state.

Next we solve for the values of ϕi. First, define some constant C such that

υiw
γ
i

ϕi
=
υkw

γ
k

ϕk
= C → ϕk =

υkw
γ
k

C
, ∀k.

We also know that
∑K

k=1 ϕk = 1. Thus

K∑
k=1

wγkυk
C

= 1 −→
K∑
k=1

wγkυk = C.

Thus

ϕi =
υiw

γ
i

C
=

υiw
γ
i∑K

k=1 υkw
γ
k

.

Lastly, we show that for any firm j, the firm faces a constant εR,w − εS,w = γ at any value of
wj . The firm’s ratio of separation rate to recruiting rate is:

S(wj)

R(wj)
=
f(θ)λEE

(
υ1

wγ
1

wγ
1+w

γ
j
+ ...+ υK

wγ
K

wγ
K+wγ

j

)
g(θ)

(
ϕ1

wγ
j

wγ
1+w

γ
j
+ ...+ ϕK

wγ
j

wγ
K+wγ

j

)
= λEEθ

(
υ1

wγ
1

wγ
1+w

γ
j
+ ...+ υK

wγ
K

wγ
K+wγ

j

)
(
ϕ1

wγ
j

wγ
1+w

γ
j
+ ...+ ϕK

wγ
j

wγ
K+wγ

j

)
Using that υiw

γ
i = ϕi

∑K
k=1w

γ
kυk, we can rewrite the above equation as:

S(wj)

R(wj)
= λEEθ

∑K
k=1 υkw

γ
k

wγj

(
ϕ1

1
wγ

1+w
γ
j
+ ...+ ϕK

1
wγ

K+wγ
j

)
(
ϕ1

1
wγ

1+w
γ
j
+ ...+ ϕK

1
wγ

K+wγ
j

)
= λEEθw

−γ
j

K∑
k=1

υkw
γ
k = λEEθ

( w̃
wj

)γ
,
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with w̃ = (
∑K

k=1 υkw
γ
k)

1
γ , where the elasticity of this function with respect to wj is −γ.

Characterization of Constant Elasticity of Equilibrium

Next, we characterize firms’ optimal employment and wages, focusing on the case of η = 1, s0 = 0,
βf = 1, and βw = 0. By solving out for capital, we can define auxiliary parameters

Ãj = A

1

1−αj
ϵ−1
ϵ

j

(
αj

ϵ−1
ϵ

rK

) αj
ϵ−1
ϵ

1−αj
ϵ−1
ϵ

α̃j =
(1− αj)

ϵ−1
ϵ

1− αj
ϵ−1
ϵ

.

Given parameters α̃j , Ãj , χ, σ, and cj , aggregate labor market tightness θ, and aggregate wage
index w̃, a firm j’s optimal wage is

w∗
j =

(
cjγ(1 + χ)(λEEθ)

1+χw̃γ(1+χ)
( α̃jÃjγ(1 + χ)

1 + γ(1 + χ) + σ

) σ
1−α̃j

) 1−α̃j
(1−α̃j)(1+γ(1+χ))+σ

, (B.9)

where w̃ is a vacancy-weighted index of the distribution of wages: w̃ =
( ∫

wk
ν(wk)w

γ
kdwk

) 1
γ . Taking

βf → 1, optimal employment at firm j is

N∗
j =

(
cjγ(1 + χ)(λEEθ)

1+χw̃γ(1+χ)
) −1

(1−α̃j)(1+γ(1+χ))+σ
(
α̃jÃj

γ(1 + χ)

(1 + γ(1 + χ)) + σ

) 1+γ(1+χ)
(1−α̃j)(1+γ(1+χ))+σ

(B.10)
To have an interior solution, we must have that σ > −(1− α̃j)(1 + γ(1 + χ)), i.e., σ cannot be too
negative. The optimal vacancy policy is simply V ∗

j = V̄ (w̃/wj)
γN∗

j , and labor market tightness is
θ = (

∫
k∈J Vkdk)/(λEEN).

No Backloading of Wages

We want to show that in our equilibrium with myopic workers and no exogenous separations, no
firm has an incentive to backload wages. In an equilibrium with log utility η → 0, no exogenous
separations s0 = 0, and myopic workers βw = 0, we have the result that εR,w − εS,w = γ at any
wage level. We now want to show it in general for K wages. That is, wages are w1, w2, ..., wK ,
employment shares, {ϕk}Kk=1, vacancy shares, {υk}Kk=1 where

∑K
k=1 ϕk = 1 and

∑K
k=1 υk = 1.

In equilibrium, the firm’s first order condition on wages satisfies

N∗ = λ(R′(w∗)V ∗ − S′(w∗)N∗),

where stars denote the optimal choice variables. Rearranging and plugging in steady-state condition
V
N = S

R , this yields

w∗ = S(w∗)λ(εR,w∗ − εS,w∗). (B.11)
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Now consider a firm that is setting wages period by period. The first order condition yields

−S′(wt)Nt−1λ =Nt

−S′(wt)Nt−1λ =(1− S(wt))Nt−1

−S′(wt)λ =(1− S(wt)).

Let’s define w# as the optimal wage if the firm were setting wages period by period. Then the
optimal wage would satisfy

w# =λ(−εS,w#)
S(w#)

1− S(w#)
. (B.12)

We know that the left hand side and right hand side of equation (B.11) cross only once because
when we plug in the value of λ into equation (B.11), we get

w = c(1 + χ)

(
S(w)

R(w)

)1+χ

(εR,w − εS,w)N
σ.

For any firm size N , since εR,w − εS,w = γ and S(w)/R(w) ∝ w−γ , the left and right hand side
cross only once.

Thus, we can show that the optimal discretionary wage w# is below the commitment wage w∗

if the right hand side of equation (B.12) lies below the right hand side of equation (B.9) for all w,
that is if

λS(w)(εR,w − εS,w) + λεS,w
S(w)

1− S(w)
> 0

for all w. With some rearranging, this expression becomes

λS(w)εR,w − λS(w)εS,w + λεS,w
S(w)

1− S(w)
> 0

S(w)(εR,w − εS,w)(1− S(w)) + εS,wS(w) > 0

(εR,w − εS,w)(1− S(w)) + εS,w > 0

(εR,w − εS,w) + εS,w > (εR,w − εS,w)S(w)

With εR,w − εS,w = γ, this becomes

εR,w > γS(w).

So now we need to prove this condition. Define the separation function for a firm paying wage w:

S(w) = λEEf(θ)

K∑
k=1

w̄γk
wγ + w̄γk

υk.

The recruiting function is

R(w) = g(θ)
K∑
k=1

w̄γ

wγ + w̄γk
ϕk.
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the elasticity is then: The recruiting elasticity is:

εR,w = γ ·
∑K

k=1
w̄γ

kw
γ

(wγ+w̄γ
k )

2ϕk∑K
k=1

wγ

wγ+w̄γ
k
ϕk

.

The condition is then
εR,w > γS(w).

If and only if

γ

∑K
k=1

w̄γ
kw

γ

(wγ+w̄γ
k )

2ϕk∑K
k=1

wγ

wγ+w̄γ
k
ϕk

> γλEEf(θ)

K∑
k=1

w̄γk
wγ + w̄γk

υk,

where λEEf(θ) < 1. Let
ϕi
ϕk

=
υi
υk

(wi
wk

)γ
for any two wage levels i and k.

First, define some constant C such that

υiw
γ
i

ϕi
=
υkw

γ
k

ϕk
= C,

Using the condition that
∑K

k=1 ϕk = 1, we find:

K∑
k=1

υkw
γ
k

C
= 1 ⇒ C =

K∑
k=1

υkw
γ
k

Therefore we obtain

ϕk =
υkw

γ
k∑K

j=1 νjw
γ
j

.

Define D ≡∑K
j=1 νjw

γ
j . Then:

εR,w = γ ·
∑K

k=1
w̄γ

kw
γυkw̄

γ
k

(wγ+w̄γ
k )

2D∑K
k=1

wγυkw̄
γ
k

(wγ+w̄γ
k )D

which is equal to

εR,w = γ ·
∑K

k=1
w̄γ

kw
γυkw̄

γ
k

(wγ+w̄γ
k )

2∑K
k=1

wγυkw̄k

(wγ+w̄γ
k )

Cancel wγ as there is no k:

εR,w = γ ·
∑K

k=1
(w̄γ

k )
2υk

(wγ+w̄γ
k )

2∑K
k=1

υkw̄
γ
k

(wγ+w̄γ
k )

The condition then becomes
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γ ·
∑K

k=1
(w̄γ

k )
2

(wγ+w̄γ
k )

2υk∑K
k=1

w̄γ
k

(wγ+w̄γ
k )
υk

> γλEEf(θ)

K∑
k=1

w̄γk
wγ + w̄γk

υk.

Define the function:

fk =
w̄γk

wγ + w̄γk
.

Rewriting the condition to obtain∑K
k=1 f

2
kυk∑K

k=1 fkυk
> λEEf(θ)

K∑
k=1

fkυk.

which is equal to
K∑
k=1

f2kυk > λEEf(θ)(
K∑
k=1

fkυk)
2, (B.13)

which holds by Jensen’s inequality as λEEf(θ) < 1.

Proving Uniqueness

Finally, we show that all the endogenous outcomes θ, w̃, Nj , wj , and Vj can be solved for as
functions of parameters. Using the result from Appendix B.7 that in any equilibrium firms will
have a constant value of εR,w − εS,w = γ, and as such optimal wages and employment will take the
form of (B.9) and (B.10), we then confirm that the stationary equilibrium is unique.

Lemma 3. Vacancy shares υj are a function of only common parameters and do not depend on
aggregate wages w̃ or labor market tightness θ.

Proof: First we want to show that relative wages are not a function of w̃ or θ (assuming a
common α̃ across firms). For two firms j and k, relative wages are:

wj
wk

=

(
cj
ck

) 1−α̃
(1−α̃)(1+γ(1+χ))+σ

(
Ãj

Ãk

) σ
(1−α̃)(1+γ(1+χ))+σ

Next we show that relative employment is not a function of w̃ or θ. For two firms j and k, relative
employment is:

Nj

Nk
=

(
cj
ck

) −1
(1−α̃)(1+γ(1+χ))+σ

(
Ãj

Ãk

) 1+γ(1+χ)
(1−α̃)(1+γ(1+χ))+σ

Thus, relative vacancies are a function of parameters only:

Vj
Vk

=
Nj

Nk

(
wj
wk

)−γ
=

(
cj
ck

) −1−γ(1−α̃)
(1−α̃)(1+γ(1+χ))+σ

(
Ãj

Ãk

) 1+γ(1+χ)−γσ
(1−α̃)(1+γ(1+χ))+σ

.

Let ωj be the mass of firms with parameters cj and Ãj , with
∫
Ã

∫
c ωj dc dÃ = 1. The share of

vacancies of firm type j is
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υj =
ωjVj∫

k∈J ωkVk
=

1∫
k∈J

ωk
ωj

Vk
Vj

.

Since Vj/Vk is a function of only parameters, and the share of each type of firm ωj is a parameter,
then the vacancy share υj is a function of only parameters.

Lemma 4. The ratio of a firm’s optimal wage wj to the index of aggregate wages w̃ is a function
of parameters.

Proof: (assuming a common α̃ across firms)

w̃

wj
=

( ∫
k υk w

γ
k dk

)1/γ
wj

=

( ∫
k υk

[
ckγ(1 + χ)(λEEθ)

1+χw̃γ(1+χ)︸ ︷︷ ︸
=:X

] γ(1−α̃)
D

(
α̃Ãkγ(1+χ)
1+γ(1+χ)+σ

) γσ
D
dk
)1/γ

[
X

1−α̃
D

(
α̃Ãjγ(1+χ)
1+γ(1+χ)+σ

) σ
D
] ,

where D ≡ (1− α̃)(1 + γ(1 + χ)) + σ. All factors in X (i.e., γ, χ, λEE , θ, and the common power
of w̃) cancel between the numerator and denominator. Therefore,

w̃

wj
=

( ∫
k υk c

γ(1−α̃)
D

k Ã
γσ
D
k dk

)1/γ
c
1−α̃
D
j Ã

σ
D
j

.

Because the vacancy shares υk are functions only of parameters (see Lemma above), the ratio w̃/wj
is a function of parameters alone and does not depend on labor-market tightness θ (nor on λEE , γ,
or χ).

Thus, we can write relative wages as a function of parameters only:

w̃

wj
=

w̃

wj

(
c, Ã

)
.

Lemma 5. Given distributions of firm-specific parameters Ã and c, the wage index w̃ is an in-
creasing function of tightness θ.

Proof: Based on equation (B.9), individual firm wages wj are increasing in aggregate wages w̃ and
tightness θ. Solving out individual wages, and solving w̃ in terms of only θ and parameters yields:

w̃ =
(∫

j
υjw

γ
j dj
) 1

γ

w̃ =
(∫

j
υj

(
θ1+χw̃γ(1+χ)

) γ(1−α̃)
(1−α̃)(1+γ(1+χ))+σ

g(cj , Ãj)dj
) 1

γ
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w̃ =
(
θ1+χw̃γ(1+χ)

) (1−α̃)
(1−α̃)(1+γ(1+χ))+σ

(∫
j
υjg(cj , Ãj)dj

) 1
γ
, (B.14)

with

g(cj , Ãj) =
(
cjγ(1 + χ)λ1+χEE

) γ(1−α̃)
(1−α̃)(1+γ(1+χ))+σ

( α̃Ãjγ(1 + χ)

1 + γ(1 + χ) + σ

) γσ
(1−α̃)(1+γ(1+χ))+σ

.

Grouping all w̃ terms on the left hand side yields:

w̃
(1−α̃)+σ

(1−α̃)(1+γ(1+χ))+σ = θ
(1+χ)(1−α̃)

(1−α̃)(1+γ(1+χ))+σ

(∫
j
υjg(cj , Ãj)dj

) 1
γ
. (B.15)

Simplifying yields:

w̃ = θ
(1+χ)(1−α̃)
(1−α̃)+σ

(∫
j
υjg(cj , Ãj)dj

) (1−α̃)(1+γ(1+χ))+σ
γ(1−α̃+σ)

.

Proof of Proposition Let ω(Ã, c) be the joint density function of the mass of firm populations
over parameters c and Ã. Then the aggregate mass of vacancies V is

V =

∫
Ã

∫
c
Vjω(Ã, c) dc dÃ

V =

∫
Ã

∫
c
λEEθ

( w̃
wj

)γ
Njω(Ã, c) dc dÃ

We have already shown that w̃/wj is a function of parameters:

V =

∫
Ã

∫
c
λEEθ

( w̃
wj

(
c, Ã

))γ
Njω(Ã, c) dc dÃ (B.16)

We can abbreviate the expression for optimal employment as

Nj =

(
θ1+χw̃γ(1+χ)

) −1
(1−α̃)(1+γ(1+χ))+σ

f(cj , Ãj), (B.17)

with

f(cj , Ãj) =
(
cjγ(1 + χ)λ1+χEE

) −1
(1−α̃)(1+γ(1+χ))+σ

( α̃Ãjγ(1 + χ)

1 + γ(1 + χ) + σ

) 1+γ(1+χ)
(1−α̃)(1+γ(1+χ))+σ

.

Plugging in (B.15) and (B.17) into equation (B.16) yields:

V =

∫ ∫
θ × θ

−1−χ
(1−α̃)(1+γ(1+χ))+σ × θ

(1+χ)(1−α̃)
(1−α̃)+σ

−γ(1+χ)
(1−α̃)(1+γ(1+χ))+σH(Ãj , cj , Ã, c)dcdÃ,

with

H(Ãj , cj , Ã, c) =
( w̃
wj

(
c, Ã

))γ
f(cj , Ãj)

(∫
j
υjg(cj , Ãj) dj

) −1−χ
(1−α̃)+σ

ω(Ãj , cj).
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In equilibrium where all workers are employed, and employed workers search with probability
λEE , then (normalizing the worker population to 1) tightness θ is:

θ =
V

λEE
.

The prior equation then becomes:

λEEθ =

∫ ∫
θ × θ

−1−χ
(1−α̃)(1+γ(1+χ))+σ × θ

(1+χ)(1−α̃)
(1−α̃)+σ

−γ(1+χ)
(1−α̃)(1+γ(1+χ))+σ H(Ãj , cj , Ã, c) dc dÃ.

The θ terms on the right-hand side can be pulled out of the integral, and a θ term on both sides
cancels. With some algebra, we have

θ =
( 1

λEE

∫ ∫
H(Ãj , cj , Ã, c) dc dÃ

) (1−α̃)+σ
1+χ

.

Thus equilibrium labor market tightness can be calculated strictly as a function of parameters.
Plugging in our value of θ in equation (B.15), we can solve for the aggregate wage w̃ as a function
of parameters. Given w̃, we can compute individual firms’ Nj , wj , and Vj .

B.8 Recruiting Costs as Reallocating Labor
In this section, we show that counting recruiting costs as taking away from labor inputs generates
identical formulas as treating recruiting costs as expenditure. Suppose that recruiting takes away
from labor inputs, so a firm’s labor input is

Nt − cV 1+χ
t Nσ−χ

t−1 .

For simplicity, assume σ = 0. If firms do not discount (βf = 1) and revenue is PY =

(
Kα
t

(
Nt − cV 1+χ

t N−χ
t−1

)1−α) ϵ−1
ϵ

,

then firm maximizes the flow rate of profits:(
Kα
t

(
Nt − cV 1+χ

t N−χ
t−1

)1−α) ϵ−1
ϵ

− wtNt − rKKt.

Given that Vt =
S(wt)
R(wt)

Nt in steady state, and dropping time subscripts, we have that the firm solves

max
K,N,w

Kα

(
N − c

(
S(w)

R(w)

)1+χ

N

)1−α
 ϵ−1

ϵ

− wN − rKK

Kα ϵ−1
ϵ N (1−α) ϵ−1

ϵ

(
1− c

(
S(w)

R(w)

)1+χ
)(1−α) ϵ−1

ϵ

− wN − rKK.
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Taking the first order condition with respect to N , we have

FOCN : (1− α)
ϵ− 1

ϵ
Kα ϵ−1

ϵ N (1−α) ϵ−1
ϵ

−1

(
1− c

(
S(w)

R(w)

)1+χ
)(1−α) ϵ−1

ϵ

= w.

Multiplying both sides by N , we have

(1− α)
ϵ− 1

ϵ
Kα ϵ−1

ϵ N (1−α) ϵ−1
ϵ

(
1− c

(
S(w)

R(w)

)1+χ
)(1−α) ϵ−1

ϵ

= wN (B.18)

Rearranging the first order condition on N once again, we come away with the simple formula

(1− α)
ϵ− 1

ϵ
PY = wN,

and consequently the labor share is the same as in the main text:

wN

PY
= (1− α)

ϵ− 1

ϵ
.

B.9 Firm’s Problem with Hiring Costs
In this section, we solve a general model where firms not only have to pay a vacancy cost, but firms
also pay a hiring cost which may depend on firm size and the hiring rate. We abstract from capital
and downward sloping product demand, assuming that output = AN1−α. Hires each period are
Ht = VtR(wt). We also assume for simplicity that firms are committed to pay their posted wage,
unlike in the main text where the posted wage is a floor. Firms maximize

max
{{Ns,t}},{ws,t},{Vt}

∞∑
t=0

βτf

(
A

(
t∑

s=−∞
Ns,t

)α
−

t∑
s=−∞

ws,tNs,t

− c

(
Vt
Nt−1

)χ
VtN

σ
t−1 − ch

(
Ht

Nt−1

)χh

HtN
σh
t−1

)
subject to

Ns,t =(1− S(ws))Ns,t−1, Nt,t = Ht = R(wt)Vt,

ws,t+1 ≥ws,t, Nt =
∑
s

Ns,t.

Using the same separation and recruiting functions as in the main text, the Lagrangian is

L :

∞∑
t=0

βtf

(
A

(
t∑

s=−∞
Ns,t

)α
−

t∑
s=−∞

ws,tNs,t − c

(
Vt
Nt−1

)χ
VtN

σ
t−1+

− ch

(
Vt
Nt−1

)χh

VtR(ws,tτ )
1+χhNσh

t−1 +

t∑
s=−∞

µs,t

[
−Ns,t +Ns,t−1(1− S(ws,t))

]

+ λt[−Nt,t +R(wt)Vt]

)
.
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Define Cv
N ≡ c

(
V
N

)1+χ
Nσ and Ch

N ≡ c
(
H
N

)1+χh Nσh . Taking first order conditions and solving, it
can be shown that the recruiting and hiring cost adjust markdown is

w + Cv
N + Ch

N

MRPL
=

(1 + (1 + χ)(εRw − εSw))
Cv
N + (1− εSw(1 + χh))

Ch
N

(1 + (1 + χ)(εRw − εSw) + σ)CvN + (1− εSw(1 + χh) + σh)
Ch
N

which nests the case with only recruiting costs when ch = 0. Introducing hiring costs puts more
weight on the separation elasticity, as the value of higher wages becomes more concentrated on
avoiding extra separations (and therefore hires), rather than filling vacancies more quickly.

B.10 Oligopsony
In this section, we derive the first order conditions for the oligopsonistic firm’s problem. After
deriving the first order conditions, we prove Proposition 2. We solve the firm’s problem by first
assuming that there is no unemployment, which can be achieved in equilibrium so long as the
unemployment benefit b is sufficiently low (under this assumption, Ut ≡ 0 so ΦUt−1 = 0 and the
unemployment terms in (B.26)–(B.27) drop out).

Workers The worker gets utility from wages and draws a utility shock when given a choice
between two firms. Let ϕvk,t be the share of vacancies posted by firm k in period t. If workers
encounter their own firm’s vacancies, the workers redraw preferences (as if they are choosing between
two jobs), but the firm is not obligated to pay the same wage as its other hires in period t, and
the worker continues to receive the wage of the cohort of workers they were initially hired with in
period s.

Vj,s,t =
η

η − 1

(
w

η−1
η

j,s,t − 1

)
+ βws0VU+

βw(1− s0)Et

[
λEEf(θ)

(∑
k ̸=j

ϕvk,tγ
−1 log

(
exp (γVj,s,t+1) + exp (γVk,t+1,t+1)

)
+

ϕvj,tγ
−1 log

(
exp(γVj,s,t+1) + exp(γVj,t+1,t+1)

))
+ (1− λEEf(θ))max{Vj,s,t+1,VU}

]
,

(B.19)

where the second logarithm compares staying in the current job (value Vj,s,t+1) with accepting a
new vacancy at firm j (value Vj,t+1,t+1).

We will now consider one-period deviations in period t for firms hiring workers in period t, under
the assumption from workers that the posted wage will be equal to their wage for the duration of
their match with the firm. Dropping the time subscripts, we have

∂Vj
∂wj

= w
− 1

η

j + βw

(
f(θ)λEE

(∑
k

ϕvk

(
exp (γVj)

exp (γVj) + exp (γVk)

)
+ ϕvj

)
+
(
1− f(θ)λEE

)) ∂Vj
∂wj

.
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under symmetry, wages are equal across firms (wj = wk), so Vj = Vk, and employment and vacancy
shares coincide (ϕnk,t = ϕvk,t). If there are no exogenous separations (s0 = 0), then Sj = λEE f(θ) (1−
ϕvj,t)/2.

∂Vj
∂wj

=w
− 1

η

j + βw

(
f(θ)λEE

2
+
(
1− f(θ)λEE

)) ∂Vj
∂wj

=w
− 1

η

j + βw

(
1− λEEf(θ)

2

)
∂Vj
∂wj

=w
−1
η

j + βw

(
1− Sj

) ∂Vj
∂wj

,

where the last line uses that Sj = λEEf(θ)/2 under symmetry. Thus

∂Vj
∂wj

=
w

− 1
η

j

(1− βw(1− Sj))
. (B.20)

Firms Firms solve

max
{Vj,t}∞t=0, {Nj,t}∞t=0, {Nj,s,t}∞s≤t,

t=0

, {wj,s,t}∞s≤t,
t=0

∞∑
t=0

βtf

[
Aj,t

(
Kα
j,tN

1−α
j,t

) ϵ−1
ϵ −

∑
s≤t

wj,s,tNj,s,t

− rKKj,t − cj

(
Vj,t
Nj,t−1

)χ
Nσ
j,t−1Vj,t

]
(B.21)

subject to

Recruiting: Nj,t,t = R(Vj,t,t)Vj,t ∀t (B.22)
Retention: Nj,s,t = (1− S(Vj,s,t))Nj,s,t−1 ∀t and s < t (B.23)

Employment is sum of cohorts: Nj,t =

t∑
s=−∞

Nj,s,t ∀t (B.24)

Wage at least posted wage: wj,s,t ≥ wj,s,s ∀t and s < t, (B.25)

where R and S are

R
(
Vj,t,t,V−j,t, Vj,t, V−j,t, Nj,t−1, N−j,t−1

)
=

g(θt)
[
(1− ΦUt−1)

∑
k

t−1∑
s=−∞

ϕnk,s,t−1

exp
(
γ Vj,t,t

)
exp
(
γ Vj,t,t

)
+ exp

(
γ Vk,s,t

) +ΦUt−1 1{Vj,t,t > VU}
]

(B.26)

S
(
Vj,s,t,V−j,t, Vj,s,t, V−j,t

)
= λEEf(θt)

∑
k

ϕvk,t
exp
(
γ Vk,t,t

)
exp
(
γ Vj,s,t

)
+ exp

(
γ Vk,t,t

)
+
(
1− λEEf(θt)

)
1{VU > Vj,s,t} (B.27)
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where ϕnk,s,t−1 is the share of workers who were hired in period s by firm k and still employed in
period t−1, ϕvk,t is firm k’s share of vacancies in period t, and ΦUt−1 =

Ut−1

Ut−1+λEE(1−Ut−1)
is the share

of searchers who are unemployed.

Lagrangian. The Lagrangian is

L =

∞∑
t=0

βtf

(
Aj,t

Kα
j,t

(
t∑

s=−∞
Nj,s,t

)1−α
 ϵ−1

ϵ

−
t∑

s=−∞
wj,s,tNj,s,t − cjV

1+χ
j,t

(
t−1∑

s=−∞
Nj,s,t−1

)σ−χ

− rKKj,t +

t−1∑
s=−∞

µs,t

[
− Nj,s,t +Nj,s,t−1

(
1− λEEf(θt)

∑
k

ϕvk,t
exp(γVk,t,t)

exp(γVj,s,t) + exp(γVk,t,t)

)]

+ λt

[
− Nj,t,t + Vj,t g(θt)

∑
k

t−1∑
s=−∞

ϕnk,s,t−1

exp(γVj,t,t)
exp(γVj,t,t) + exp(γVk,s,t)

])
.

We take the first-order condition with respect to wj,t,t under the assumption that condition
(B.25) binds: that is, when the firm raises its posted wage, it raises the wage that the firm pays for
as long as the cohort of hired workers is in the firm. For the cohort posted at t = 0,

Lwj,0,0 : −
∞∑
t=0

βtf Nj,0,t + λ0 Vj,0 g(θ0)
∑
k

−1∑
s=−∞

ϕnk,s,−1 γ
exp(γVj,0,0) exp(γVk,s,0)

(exp(γVj,0,0) + exp(γVk,s,0))2
∂Vj,0,0
∂wj,0,0

+

∞∑
t=1

βtf µ0,tNj,0,t−1 λEE f(θt)
∑
k

ϕvk,t γ
exp(γVj,0,t) exp(γVk,t,t)

(exp(γVj,0,t) + exp(γVk,t,t))2
∂Vj,0,t
∂wj,0,0

= 0.

Notes. (i) Only the t = 0 recruiting constraint contributes in the first line (hence λ0, Vj,0, θ0); for
t > 0, wj,0,0 does not enter Vj,t,t. (ii) For t ≥ 1, wj,0,0 affects retention via Vj,0,t inside S(·), yielding
the second-line terms. (iii) If you impose stationarity, you may replace θt with θ throughout.

LVj,t : − cj(1 + χ)V χ
j,tN

σ−χ
j,t−1

−
t−1∑

s=−∞
µs,tNj,s,t−1 λEE

∂f

∂θ

∂θt
∂Vj,t

∑
k

ϕvk,t
exp(γVk,t,t)

exp(γVj,s,t) + exp(γVk,t,t)

−
t−1∑

s=−∞
µs,tNj,s,t−1 λEE f(θt)

∑
k

∂ϕvk,t
∂Vj,t

exp(γVk,t,t)
exp(γVj,s,t) + exp(γVk,t,t)

+ λt Vj,t
∂g

∂θ

∂θt
∂Vj,t

∑
k

t−1∑
s=−∞

ϕnk,s,t−1

exp(γVj,t,t)
exp(γVj,t,t) + exp(γVk,s,t)

+ λt g(θt)
∑
k

t−1∑
s=−∞

ϕnk,s,t−1

exp(γVj,t,t)
exp(γVj,t,t) + exp(γVk,s,t)

= 0.
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LNj,t,t : MRPLt − wj,t,t + βf cj (χ− σ)V 1+χ
j,t+1N

σ−χ−1
j,t − λt + βf µt,t+1

(
1− S(Vj,t,t+1)

)
+ βf λt+1 Vj,t+1 g(θt+1)

∑
k

t∑
s=−∞

∂ϕnk,s,t
∂Nj,t,t

exp(γVj,t+1,t+1)

exp(γVj,t+1,t+1) + exp(γVk,t+1,t+1)
= 0.

We will show that all firms choose the same wage when cj is common and σ = 0 or Aj is common
by positing symmetric wages wj = wk = w̄ for all k and then verifying that a common wage is an
equilibrium outcome.

In steady state we have V/N = S/R. From wage symmetry (Vj = Vk ∀k ), we have that
Rj = g(θ)

2 (1 − ϕnj ) and Sj = λEEf(θ)
2 (1 − ϕvj ). Further, under wage symmetry, ϕnj = ϕvj ≡ ϕj , so

Sj/Rj simplifies to :

Sj
Rj

= λEEθ

for all firms (using f(θ)/g(θ) = θ).
With some algebra, it can be shown that the first order condition on wages simplifies to

λγ
1

4

∂Vj
∂wj

(1− ϕj)

(
Vj
Nj

g(θ) +
λEEf(θ)Sj

1− βf (1− Sj)

)
=

Sj
1− βf (1− Sj)

.

Using that Vj/Nj = Sj/Rj = λEEθ, as well as that g(θ)θ = f(θ), this expression simplifies to

λγ
1

4

∂Vj
∂wj

(1− ϕj)λEEf(θ)

(
1 +

Sj
1− βf (1− Sj)

)
=

Sj
1− βf (1− Sj)

. (B.28)

If wages are equal at all firms, then the first order condition on vacancies becomes

cj(1 + χ)V χ
j N

σ−χ
j =− λ

N

V
λEEf(θ)εf,θεθ,Vj (1− ϕj)

1

2
− λ

Nj

Vj
ϕjλEEf(θ))(ϕj − 1)

1

2

+ λg(θ)εg,θεθ,Vj (1− ϕj)
1

2
+ λg(θ))(1− ϕj)

1

2

Combining terms and using that V/N = λEEθ, we therefore have N
V = R

S = 1
λEEθ

, and εf,θ = 1+εg,θ
(from the matching function being constant returns to scale), the first order condition on vacancies
simplifies down to

cj(1 + χ)V χNσ−χ =λ
1

2
(1− ϕj)g(θ) (B.29)

Plugging this in to (B.28) yields

cj(1 + χ)V χNσ−χγ
1

2

∂Vj
∂wj

λEEθ

(
1 +

Sj
1− βf (1− Sj)

)
=

Sj
1− βf (1− Sj)

(B.30)
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Combining Elements As βf → 1, this becomes

cj(1 + χ)V χ
j N

σ−χ
j γλEEθ

∂Vj
∂wj

= 1 (B.31)

Recalling that λEEθ = S/R = V/N , this expression becomes

γcj(1 + χ)(λEEθ)
1+χNσ

j

∂Vj
∂wj

= 1. (B.32)

Thus if σ = 0 and cj are common among firms, then the wage is identical for all firms, regardless of
their value of Aj and their size Nj , proving the first claim in Proposition 2. Additionally, if firms
are ex-ante identical (common values of cj and Aj), they will choose identical wages. Note that
under symmetry (common values of V) and no unemployment,

εR,wj ≡
∂R

∂wj
=
γ

2

∂Vj
∂wj

εS,w ≡ ∂S

∂wj
= −γ

2

∂Vj
∂wj

and so εR,wj − εS,wj = γ
∂Vj

∂wj
wj . Thus equation (B.32) turns into

cj(1 + χ)(λEEθ)
1+χNσ

j

(
εR,wj − εS,wj

)
= wj .

Turning to employment, if all firms pay the same wage, and recognizing that
∑

k

∑t
s=−∞

∂ϕnk,s,t
∂Nj,t,t

=

0, the first order condition on employment simplifies to

MRPLj − wj+cj(χ− σ)V 1+χ
j Nσ−χ−1

j − λSj = 0. (B.33)

Combining (B.33) with (B.29) and (B.32), as well as using that Rj =
g(θ)
2 under wage symmetry,

Vj/Nj = λEEθ ∀j, and ϕnj = ϕvj , with some algebra yields our expression for the firm’s recruiting
cost-adjusted markdown

wj + cj

(
Vj
Nj

)1+χ
Nσ
j

MRPLj
=

1 + (1 + χ)
(
εR,wj − εS,wj

)
1 + (1 + χ)

(
εR,wj − εS,wj

)
+ σ + (1 + χ)

ϕnj
1−ϕnj

, (B.34)

establishing the second claim of Proposition 2.

B.11 Bounds on Markdowns with Oligopsony
In this section, we prove that under two allocations that deliver the same labor market HHI, the
aggregate recruiting cost-adjusted markdown M is the lowest when that HHI is achieved with one
large firm. Let ϕnj be firm j’s share of employment. The employment HHI is HHI =

∑
j(ϕ

n
j )

2.

Consider two hypothetical allocations: one in which a given HHI is achieved by one firm: (ϕn1 )2 =
HHI, where all other firms are sufficiently small such that they do not contribute to the HHI.
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Consider a second allocation in which two firms achieve that same HHI: (ϕn2 )
2 + (ϕn3 )

2 = HHI,
and all other firms are sufficiently small. This gives (ϕn1 )

2 = (ϕn2 )
2 + (ϕn3 )

2.
Without loss of generality, we can assume ϕn3 ≤ ϕn2 . The aggregate markdown is

M =
1∑

j ϕ
n
j /µj

, with µj =
1 + γ(1 + χ)

1 + γ(1 + χ) + σ + (1 + χ)
ϕnj

1−ϕnj

Thus for a given HHI and ϕn2 , and focusing on the case of σ = 0, the aggregate markdown can be
written as

M =
1 + γ(1 + χ)

1 + γ(1 + χ) + (1 + χ)
(
(ϕn2 )

2

1−ϕn2
+

(ϕn1 )
2−(ϕn2 )

2

1−((ϕn1 )
2−(ϕn2 )

2).5

)
The goal is to show that this expression is decreasing in ϕn2 . Define

A(ϕn2 ) =
(ϕn2 )

2

1− ϕn2
+

(ϕn1 )
2 − (ϕn2 )

2

1− ((ϕn1 )
2 − (ϕn2 )

2).5
.

Then we just need to show that M is a decreasing function of ϕn2 if A is increasing in ϕn2 . With
some algebra, we have

∂A(ϕn2 )

∂ϕn2
= ϕn2

(
(2− ϕn2 )

(1− ϕn2 )
2
− (2− ϕn3 )

(1− ϕn3 )
2

)

The function 2−x
(1−x)2 is increasing for x ∈ [0, 1), so since ϕn3 ≤ ϕn2 we have ∂A

∂ϕn2
> 0. Thus M is

decreasing in ϕn2 (for fixed HHI), and is therefore minimized when ϕn2 is as large as possible—i.e.,
when the given HHI is achieved by a single large firm.

B.12 Calibration with Forward-Looking Workers
In Section 2.2, we assumed that workers are myopic βw = 0 and that there are no exogenous
separations s0 = 0, as this delivered a constant sum of recruiting and separation elasticities. In
this section, we examine how the model changes if we choose a more realistic calibration. We now
set workers’ discount factor βw = .99, and we set the exogenous separation rate s = 0.025 to get a
steady-state unemployment rate between 4 and 5 percent. We assume firms are ex-ante identical.

The equilibrium wage is 0.657. Figure B.4 plots what the recruiting and separation rates would
be if a firm chose alternative wages. Consistent with evidence from Hirsch et al. (2022) and Langella
and Manning (2021), the recruiting and separation elasticities are highest in the middle of the wage
distribution. Because some separations are exogenous (and therefore are not wage sensitive), the
separation elasticity declines at high wages because the only separations are exogenous and marginal
changes in wages do not affect separation probabilities very much. At low wages, the separation
elasticity is low because workers leave as soon as they find another job, and marginal changes in
the wage have little effect on that separation decision. The recruiting elasticity is low at low wages
for similar reasons: the only workers who accept jobs are the wage-insensitive unemployed workers.
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Table B.3: Calibration with Forward Looking Workers

Parameter Value Reason

γ Inverse scale parameter of non-wage preferences 1/4.225 Match εR − εS = 4
η Worker CRRA parameter .375 ξR,w ≈ ξS,w
s0 Exogenous separation rate .025 Match U = 4.3
c Hiring cost constant 892 Match S = .05
χ Hiring cost-vacancy rate elasticity 2.2 Evidence in Section 2.3
σ Hiring cost-size elasticity 0 Evidence in Section 2.3

λEE On-the-job search probability .08 Match J-J mobility
b Unemployment benefit .1 Workers accept low wage offers

At high wages, the recruiting elasticity is low because all workers will accept the job if they find it,
and marginal changes in wages have little effect.

The key difference in calibration is the value of γ: as workers become more forward-looking, the
variance of non-wage preference draws can be rescaled to maintain εR,w − εS,w around 4. For this
calibration, we set γ = 0.2367.

The other difference in calibration is η, the CRRA preference parameter in worker’s flow utility.
This is calibrated to offset the option value that would arise if workers have log utility and are
forward-looking. With log utility, the feature of workers being forward-looking disproportionately
lowers recruiting and separation elasticities at low wage levels. This is because of option value:
workers know they will not be in low-wage jobs as long, and so marginal changes in wages have
smaller effects on workers’ value functions at low wages compared to at high wages. This feature
makes recruiting and separation elasticities rise with wages, all else equal. This can be offset by
making workers more risk averse: with a lower value of η, workers care about marginal increases of
wages less as wages go up.
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Figure B.4: Recruiting and Separation Elasticities for Different Wage Levels βw=.99, s0=.025

Notes: This figure plots the recruiting elasticity εR,w and separation elasticity εS,w for different wages if all
other firms pay the equilibrium wage of w = 0.6322. Both the recruiting and separation elasticities peak
near the equilibrium wage and become small for high and low values of the wage.

In this calibration we have εR,w = −εS,w = −ξR,w = ξS,w = 2 and S = 0.05. Thus the values χ
and σ in Section 2.3 would be internally consistent with an equilibrium from this calibrated model.

B.13 Amenities
In this section, we sketch a model with on-the-job search, costly amenities, but no recruiting margin.
We argue that the inclusion of amenities can create an infinitely elastic labor supply curve only in
the special case where there are no exogenous separations (s0 = 0). This is in contrast with the
model with a recruiting margin but no amenities in the main text. The key difference is that
amenities do not help firms overcome matching frictions.

We modify the model in the main text so that (i) firms post constant wages for each chort by
assumption and (ii) workers now get utility from the level of amenities aj when employed at firm
j, with relative wage ξ. The value of a worker employed at firm j is

Vj = logwj + ξ log aj + βw

(
f(θ′)λEE

K∑
k ̸=j

ϕv
′
k γ

−1ϕν
′
k log

(
exp

(
γV ′

j

)
+ exp

(
γV ′

k

))
+ (1− f(θ′)λEE)V ′

j

)
,

where ϕv′k now indicates the shares of vacancies associated with a {w, a} bundle. The firm’s problem
is (suppressing the j):

max
{{Ns,t}},{wt},{at}

∞∑
t=0

βτ

(
A

(
t∑

s=−∞
Ns,t

)α
−

t∑
s=−∞

wsNs,t − ca

∑t
s=−∞ asNs,t(∑t
s=−∞Ns,t

)ψ
)
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subject to

Ns,t =(1− S(ws, as))Ns,t−1

Nt,t =R(ws, as)Vt.

Here, ψ ∈ [0, 1) allows for returns to scale in providing amenities: as the firm gets bigger, it may
become cheaper to provide the same level of benefits per worker.

While a firm can increase the probability that workers accept a job and decrease endogenous
separations with higher wages and better amenities, a greater level of amenities does not increase
the number of matches, as search is random. Since random search limits worker inflows, any level
of exogenous separations puts a hard limit on employment. Define V0 as the exogenous amount
of recruiting activity available to the firm. As in the main text, in steady state, inflows must
equal outflows: SN = V R. As the firms offer better wages and amenities, R→ 1 and S → s0. The
maximum employment of any firm is therefore Nmax = V0/s0, and the marginal cost of employment
becomes infinite because higher compensation (in the form of either wages or amenities) yields no
additional workers.

B.14 Extension with Worker Heterogeneity
In this section, we show that we can extend the model in Section 2.2 where workers differ in ability
and firms pay wage the same wage per efficiency unit of labor if workers have log flow utility.

Workers Worker value functions will be the same as before, except they will be indexed by
worker type a. a is both an index for worker type and the worker’s efficiency units of labor when
employed. When unemployed, workers get flow income ba, where b is the unemployment benefit of
workers type a = 1. Workers search and firms post vacancies in type-specific submarkets indexed
by a. The value of an employed worker i who is type a and earns ws,j,t(a), and unemployed worker
are, respectively,

Vj,s,t(a) = log(wj,s,t(a)) + βws0VU (a)

+ βw(1− s0)Et
[
λEEf(θ

a)

∫
υk γ

−1 log
(
exp(γVj,s,t+1(a)) + exp(γVk,t+1,t+1(a))

)
dVk

+ (1− λEEf(θ
a))max{Vj,s,t+1(a),VU (a)}

]
,

VU (a) = log(b(a)) + βwEt

[
f(θa)

∫
Vk≥VU

υkVk,t+1,t+1(a)dVk + (1− f(θa))VU (a)
]
.
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Total Employment and Recruiting Costs Let total labor inputs and total recruiting effort
for firm j be

Nj,t =

t∑
s=−∞

∑
a

aNa
j,s,t

Vj,t =
∑
a

aV a
j,t

Firms post vacancies V a
j,t in different submarkets a. Firm j’s total cost of recruiting effort is

Cj,t = cj

(∑
a

aV a
j,t

)1+χ( t∑
s=−∞

∑
a

aNa
j,s,t

)σ−χ
.

Firm’s Problem Dropping the j subscript to save space, the firm’s problem is:

max{
V a
t , Kt, Nt, {Na

s,t}a,s≤t, {wa
s,t}a,s≤t

}∞

t=0

∞∑
t=0

βtf

(
At
(
Kα
t N

1−α
t

) ϵ−1
ϵ −

t∑
s=−∞

∑
a

ws,tN
a
s,t − rKKt − c

(
Vt
Nt−1

)χ
Nσ
t−1Vt

)
(B.35)

subject to

Recruiting: Na
t,t = Ra(wt,t)V

a
t for all t and a

Retention: Na
s,t = (1− S(ws,t))N

a
s,t−1 for all t and s < t and a

Employment is sum of cohorts: Nt =
t∑

s=−∞
Ns,t for all t

Cohort Efficiency Units: Ns,t =
∑
a

aNa
s,t for all t

Total Recruiting: Vt =
∑
a

aV a
t for all t

Wage at least posted wage: was,t ≥ was,s for all t and s < t and a

Candidate equilibrium Define ωaj =
wa

j

MPRLa
j
, where MRPLaj is the marginal product of labor

of worker type a at firm j.

Property 1: Firm j pays the same wage per efficiency unit to workers of all types: waj,s,t = ωj,s,ta.

Property 2: The value function of a worker type a takes the following form:

(V̄j,s,t +A) = log(ωj,s,t) + log(a) + βws0(V̄U +A)

+ βw(1− s0)Et
[
λEEf(θ)

∫
υk γ

−1 log
(
exp(γ(V̄j,s,t+1 +A)) + exp(γ(V̄k,t+1,t+1 +A)

)
dk

+ (1− λEEf(θ))max{V̄j,s,t+1 +A, V̄U +A}
]
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where A = log(a)
1−βw and V̄j,s,t is the value for a worker with a = 1.

Property 3: Worker’s job acceptance probability between two jobs is a function of ω but not a.
For a worker in firm j considering firm k, the probability of staying in firm j is

P [accept j over k] =
exp(γVj,s,t(a))

exp(γVj,s,t(a)) + exp(γVk,t,t(a))

=
exp(γ

(
V̄j,s,t +A

)
)

exp(γ
(
V̄j,s,t +A

)
) + exp(γ

(
V̄k,t,t +A

)
)

=
exp(γV̄j,s,t)

exp(γV̄j,s,t) + exp(γV̄k,t,t)
.

Because employed workers have the same outside options and expect a constant wage, the
difference between values V̄j,s,t and V̄k,t,t comes only from different values of ω.

Property 4a: For a given firm j, recruiting and separation rates are identical for workers of different
a.

Property 4b: Labor market tightness is identical across submarkets a.

Property 4c: Firms are indifferent between recruiting in different submarkets.

These properties come from the symmetry across submarkets. The cost of recruiting workers with
a higher value of a scales linearly with a. Since their recruiting and separation elasticities are the
same, the firm chooses the same markdown for all worker types. Thus the expected flow profit per
efficiency unit of labor and the cost per efficiency unit of labor across worker types is identical.
Thus firms are indifferent to recruiting workers of different types. Common labor market tightness
is sustained because firms can costlessly switch the composition of their recruiting activity across
submarkets. If one submarket were differentially slack, firms would instantly switch recruiting to
that market because the cost of labor per efficiency unit of labor would be lower.

AKM Interpretation In such an equilibrium, both in steady state and in response to shocks,
the wages of new hires can be described statistically as being decomposed into firm-by-cohort fixed
effect logωj,t,t and a time invariant worker fixed effect log a(i):

logwt(i, j) = logωj,t,t(i) + log a(i) + ϵi,j,t

The left-hand side variable in the local projection specification in equation (2.15) of the main text
is the percent deviation of the firm’s wage policy from steady state. If firm j were in steady state
in period t− 1, this can be written as

∆wt(i, j, k)−∆wt−1(i
′, j, k′) = (logωj,t,t(i)− logωk,s,t−2(i))−

(
logωj,t−1,t−1(i

′)− logωk′,s′,t−3(i
′)
)

+(ϵi,j,t − ϵi,k,t−2)− (ϵi′,j,t−1 − ϵi′,k′,t−3).

The coefficient βwν captures how this percent deviation in cohort-specific wage policy changes in
response to a shock zj at horizon ν. Unbiased estimation of βwν is satisfied under three assumptions.
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The first is standard strict exogeneity assumption, which says that worker mobility does not depend
on firm-by-worker match effects at any time horizon. Second, we also require that firm-by-worker
match effects are uncorrelated with export demand shocks. Third, we must control for the steady-
state wage effects of the firms that workers leave (k and k′), which we do by residualizing wage
changes on the leaving firm’s AKM fixed effect.
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C.1 Appendix Figures

Figure C.1: Mentions of Structural Reform in Major Danish Newspapers

Notes: This figure plots mentions of structural reforms in major Danish newspapers across time. Figure is
taken from Christiansen and Klitgaard (2008).



APPENDIX C. APPENDIX TO THE INCIDENCE AND EFFICIENCY OF LAND
VALUE TAXATION 199

F
ig

ur
e

C
.2

:
La

nd
Ta

xe
s

an
d

th
e

A
llo

ca
ti

on
of

H
ou

si
ng

:
P

la
ce

bo
Te

st
s

(a
)

U
nd

er
-3

5
H

om
eo

w
ne

rs

β 
= 

-0
.0

05
 (0

.0
19

)

-.1
7

-.1
6

-.1
5

-.1
4

-.1
3

-.1
2

-.5
0

.5
Ta

x 
R

at
e 

In
st

ru
m

en
t (

p.
p.

)

Sh
ar

e 
of

 U
nd

er
-3

5 
H

om
eo

w
ne

rs
 (i

n 
Lo

gs
)

(b
)

O
ve

r-
60

H
om

eo
w

ne
rs

β 
= 

-0
.0

03
 (0

.0
11

)

-.0
5

-.0
4

-.0
3

-.0
2

-.0
1

-.5
0

.5
Ta

x 
R

at
e 

In
st

ru
m

en
t (

p.
p.

)

Sh
ar

e 
of

 O
ve

r-6
0 

H
om

eo
w

ne
rs

 (i
n 

Lo
gs

)

(c
)

B
el

ow
-M

ed
ia

n
In

co
m

e
W

or
ki

ng
H

om
eo

w
ne

rs

β 
= 

0.
02

3 
(0

.0
23

)

.1
6

.1
8.2.2
2

.2
4

.2
6

-.5
0

.5
Ta

x 
R

at
e 

In
st

ru
m

en
t (

p.
p.

)

Sh
ar

e 
of

 W
or

ki
ng

 B
el

ow
-M

ed
ia

n 
In

co
m

e 
H

om
eo

w
ne

rs
 (i

n 
Lo

gs
)

(d
)

T
op

10
%

In
co

m
e

H
ou

se
ho

ld
s

β 
= 

-0
.0

27
 (0

.0
27

)

-.1
5-.1-.0
50

-.5
0

.5
Ta

x 
R

at
e 

In
st

ru
m

en
t (

p.
p.

)

Sh
ar

e 
of

 T
op

 1
0%

 H
om

eo
w

ne
rs

 (i
n 

Lo
gs

)

N
ot

es
:

T
he

bi
ns

ca
tt

er
s

in
th

is
fig

ur
e

pl
ot

s
th

e
lo

ng
di

ffe
re

nc
e

be
tw

ee
n

20
01

an
d

19
95

in
lo

g
sh

ar
e

of
ho

m
eo

w
ne

rs
in

a
gi

ve
n

tr
ea

tm
en

t
ar

ea
on

th
e

la
nd

ta
x

ch
an

ge
in

st
ru

m
en

t.
P
an

el
(A

)
pl

ot
s

th
e

eff
ec

t
fo

r
ho

m
eo

w
ne

rs
w

ho
ar

e
un

de
r

35
ye

ar
s

ol
d.

P
an

el
(B

)
pl

ot
s

th
e

sa
m

e
eff

ec
t,

bu
t

fo
r

ho
m

eo
w

ne
rs

w
ho

ar
e

ov
er

60
ye

ar
s

ol
d.

P
an

el
(C

)
pl

ot
s

th
e

eff
ec

t
fo

r
be

lo
w

-m
ed

ia
n

in
co

m
e

w
or

ki
ng

ho
m

eo
w

ne
rs

,
w

hi
le

P
an

el
(D

)
pl

ot
s

th
e

eff
ec

t
in

di
vi

du
al

s
in

th
e

to
p

10
%

of
th

e
in

co
m

e
di

st
ri

bu
ti

on
.

P
oi

nt
es

ti
m

at
es

an
d

st
an

da
rd

er
ro

rs
ar

e
sh

ow
n,

w
it

h
st

an
da

rd
er

ro
rs

cl
us

te
re

d
at

th
e

ne
w

m
un

ic
ip

al
it
y

le
ve

l.



APPENDIX C. APPENDIX TO THE INCIDENCE AND EFFICIENCY OF LAND
VALUE TAXATION 200

C.2 Model with Rent Ceiling
We build a neoclassical model of land-value taxation with a price ceiling on rents to provide a
possible interpretation of our empirical results. The economy consists of households, landlords,
producers, and government.

Households

Households consume non-durables Ct and supply labor Nt. They rent land Lt from landlords.1

They have access to a real financial asset At. They receive lump sum transfers Tt and profits Πt
from the goods producer (both of which they take as given). They maximize utility

U0 =

∞∑
t=0

βtu(Ct, Nt, Lt)

subject to
Ct + PLt Lt +At =WtNt + (1 + rt−1)At−1 + Tt +Πt.

The first-order conditions are

uC,t = β(1 + rt)uC,t+1 (C.1)

−uN,t
uC,t

=Wt (C.2)

uL,t
uC,t

= Rt (C.3)

where uX,t ≡ ∂u
∂X (Ct, Nt, Lt).

We note that equation (C.3) determines the demand for land services (i.e. renting land). With
a binding rent ceiling land will be in excess demand. The equilibrium quantity of land will be
determined by the intersection of the supply curve and the rent ceiling, so the household will be off
their demand curve. However, we can still use (C.3) to learn the amount demanded at the prevailing
price (the rent ceiling).

Landlords

Landlords own land Lt and rent it to households at rental price Rt. Landlords can trade land at
price PLt and they pay land value tax at rate τL. They take prices as given and choose Lt to
maximize

∞∑
t=0

qt(RtLt − PLt (Lt − Lt−1)− τLPLt Lt)

where q0 ≡ 1 and qt =
∏t
s=1

(
1

1+rs

)
for t ≥ 1. The first order condition is

Rt = (1 + τL)PLt − PLt+1

1 + rt
. (C.4)

This equation tell us that landlords will supply land services to households until the rental price Rt
equals the user cost of land.

1For simplicity, this model considers only land (not buildings).
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Producers

Producers hire labor Nt and produce a non-durable output good Yt with the technology

Yt = F (Nt). (C.5)

They are price-takers in input and output markets, and they maximize profits Πt = Yt−WtNt. The
first-order condition is

FN (Nt) =Wt. (C.6)

Government

The government collects land taxes τLPLt Lt−1 from landlords at the beginning of each period and
pay lump sum taxes Tt to households. We assume

Tt = 0 (C.7)

i.e. the government “throws the revenue in the ocean”.

Market Clearing and Rent Ceiling

The goods and asset market must clear:

Ct +RtL̄ = Yt (C.8)
At = 0 (C.9)

The aggregate amount of land in the economy is fixed:

Lt = L̄

There is a price ceiling on the rental price of land:

Rt ≤ R̄+ τLPLt . (C.10)

The rent ceiling increases with land taxes: When the landlords’ tax bill increases, the ceiling in-
creases by the same amount. We will assume the rent ceiling binding in steady state. (We can
verify this by checking that there excess demand for land services.)

Functional Forms
We assume

u(C,N,L) = logCt + ϑ
N

1+ 1
χ

1 + 1
χ

+ φ logLt,

F (N) = ZYN
γ .
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Model Equations
The model features 11 variables (Ct, Nt, Lt, At, Yt, Rt, P

L
t ,Wt, rt, Tt, L

D
t ) and 11 equations:

1

Ct
= β(1 + rt)

1

Ct+1
(C.11)

ϑN
1
χ

t Ct =Wt (C.12)

φ
Ct

LDt
= Rt (C.13)

Rt = (1 + τL)PLt − PLt+1

1 + rt
(C.14)

Yt = ZYN
γ
t (C.15)

γ
Yt
Nt

=Wt (C.16)

Tt = 0 (C.17)
Lt = L̄ (C.18)

Ct +RtLt = Yt (C.19)
At = 0 (C.20)

Rt = R̄+ τLPLt (C.21)

Steady State
Since we are studying a permanent change in land taxes, we are primarily interested in the steady
state. We denote steady values of the variable simply by removing the t-subscript. We are particu-
larly interested in how land rents R and the price of land PL changes after an increase in the land
value tax rate τL. We solve for the steady state of the model as follows:

1. From the Euler equation, we have r = 1
β −1. We also immediately have L = L̄, A = 0, T = 0.

2. Combine the landlord’s FOC with the rent ceiling:

R̄+ τLPL = (1 + τL)PL − PL

1 + r
⇒ PL =

1 + r

r
R̄.

3. The rental price of land is then

R = R̄+ τPL = R̄+ τ
1 + r

r
R̄ =

(1 + τ)(1 + r)− 1

r
R̄ ≈ r + τ

r
R̄.

4. Labor market clearing implies ϑN
1
χC = γZYN

γ−1. Goods market clearing implies C =
ZYN

γ −RL̄. Combining these to eliminate C yields

ϑN
1
χ (ZYN

γ −RL̄) = γZYN
γ−1.

We solve this equation numerically.
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5. Once we know N , it is straightforward to back out C, Y , W .

6. Finally, we can check the demand for land services and verify that there is excess demand
LD > L̄ (so our initial assumption that the rent ceiling is binding is valid).

The Effect of Land Tax Increase on Land Prices and Rents
How does the steady state change when the land value tax rate τL increases? The price of land PL

does not change: It depends only on the interest rate r and the fixed part of the rent ceiling R̄.
When the tax rate increases, landlords pass through the tax increase to tenants (the households)
through higher rents. This happens because the rent ceiling increases and there is excess demand
for land.

C.3 Comparison with Høj et al. (2018)
In this appendix, we explain potential differences between our results and those in Høj et al. (2018).
Høj et al. (2018) study the effect of the same reform on prices of single-family homes and find
large price effects. They use a different regression than the one we do; for example, they do not
instrument for the change in the land tax rate, do not use a repeat-sales index, do not restrict the
treatment group to border towns, and only examine the years immediately surrounding the reform,
from 2001 - 2008. However, we argue that these differences in the empirical strategy do not drive
the differences between our results and those found by Høj et al. (2018). Instead, we argue that a
confound likely drives the differences between their results and ours.

Appendix Figure C.3 shows a binscatter plot of a regression of the actual change in the land tax
rate and the number of vacation homes in a treatment area, after residualizing on new municipality
fixed effects. The share of vacation homes in an area is strongly predictive of the land tax change.
Areas that experienced land tax decreases had significantly more vacation homes than areas that
experienced tax increases. Due to this correlation, in our main specification, we control for the
share of vacation homes in an area and drop vacation homes from our baseline sample.

Appendix Figure C.4 shows an event study that uses variation in land tax changes alone (the
policy shock) on the prices of single-family homes. In this specification, we keep all of our baseline
controls and primary sample, except we drop our control for the share of vacation homes in the
treatment area and add vacation homes to the sample. In this specification, we find large, persistent
effects of land taxes on home prices. Our baseline results are actually quite similar to those in Høj
et al. (2018), multiplying our ITT effect by our first stage results in a discount rate of ≈ 2.4%.
This is nearly identical to what Høj et al. (2018) estimate for 2007. However, their treatment effect
falls by nearly half in 2008, relative to 2007. In contrast, our estimates are quite persistent through
2019.

Appendix Figure C.5 shows the results of the exact same specification as Appendix Figure C.4
after dropping vacation homes and adding in our control for the pre-existing vacation home share
in a treatment area. These two choices are enough to give us the baseline result that land taxes
have no effect on sales prices. We once again get a precise zero effect, and can rule out with a high
degree of confidence the point estimate from Høj et al. (2018).
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Figure C.3: Land Tax Changes Strongly Correlated With Share of Vacation Homes in Treat-
ment Area
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Notes: This figure plots the first stage regression of the land tax instrument on the actual change in effective
taxes paid, normalized by the assessed value of the property, from 2005 to 2007. For both the x- and y-axes,
the units are in percentage points: thus, a value of 1 represents a 1 p.p. change in the tax rate, normalized
by the assessed value. The blue line represents the 45-degree line. Beta coefficients and 95% confidence
intervals, with standard errors clustered at the treatment area by land share decile level, are plotted.
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Figure C.4: ITT Effect of Land Taxes Including Vacation Homes and Without Control
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Notes: This figure plots the effect of land taxes on sales prices, including vacation homes and without the
treatment area vacation share control. 95% confidence intervals are shown for the event-study coefficients,
with standard errors clustered at the treatment area by land share decile level. The red line shows the
difference in difference estimate that pools all post-2007 years compared to the price in 2001, and the red
shading shows the 95% confidence intervals from that regression.
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Figure C.5: ITT Effect of Land Taxes Without Vacation Homes and Including Control
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Notes: This figure plots the effect of land taxes on sales prices. 95% confidence intervals are shown for the
event-study coefficients, with standard errors clustered at the treatment area by land share decile level. The
red line shows the difference in difference estimate that pools all post-2007 years compared to the price in
2001, and the red shading shows the 95% confidence intervals from that regression.
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