UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

On the functioning of markets with frictions

Sniekers, F.J.T.

Publication date
2017

Document Version
Final published version

License
Other

Link to publication

Citation for published version (APA):
Sniekers, F. J. T. (2017). On the functioning of markets with frictions. [Thesis, fully internal,
Universiteit van Amsterdam, Vrije Universiteit Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:16 Feb 2026


https://handle.uba.uva.nl/personal/pure/en/publications/on-the-functioning-of-markets-with-frictions(57a909ee-1f5a-46c4-8ed2-87b1440e7ce1).html

On the Functioning of
Markets with Frictions

Florian Jos Ton Sniekers

This thesis proposes strategic complementarities that arise in markets with
search frictions as explanation for market volatility. In markets with search
frictions, externalities are the norm and not the exception. Taking any resulting
positive feedback loops into account is crucial for understanding recent
developments in labor, goods and housing markets. Search frictions can

also explain the co-existence of different organizational forms in markets.
This thesis shows that there is a role for institutions to improve the functioning
of such markets, and that these can simultaneously increase equity and efficiency.
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CHAPTER

Introduction

Economic activity in labor, goods and housing markets varies substantially over time.
The number of unemployed workers, unfilled vacancies, unsold inventories, or houses
for sale can easily double in the course of a few years. Similarly, at one moment finding
ajob or selling a house can take a couple of days, while at another moment either can
take more than two years. Search frictions provide an explanation for the coexistence of
unemployed workers and unfilled vacancies. Because search frictions result in trading
delays, they can also help us understand time-on-market and how this can vary over
time. Finally, search frictions make the occurrence of trade risky and dependent on the
actions of others. The functioning of markets therefore relies on the strategies of all
market participants, and the institutions that govern their interactions.

Indeed, markets with search frictions are generally characterized by externalities.
When the optimal strategy of one agent increases in the strategies of others, strategic
complementarities arise (Cooper and John, 1988). In such situations, agents have
incentives to coordinate their actions and to behave in similar ways. In markets with
search frictions, shifts in the coordination of the actions of economic agents can thus
provide an explanation for the fluctuations in economic activity. This thesis studies
strategic complementarities in labor, goods, and housing markets.

The seminal paper of Diamond (1982) is the first to show that search frictions can
result in a coordination problem. In a model of a goods market, he shows that there exist
different levels of economic activity that agents can coordinate on, if the probability

that agents meet a trading partner is increasing in the number of potential trading




2 ‘ Chapter 1. Introduction

partners. Intuitively, when agents expect few potential trading partners to be around,
they only pursue the few most profitable projects, and consequently only few trading
partners will actually be around. Conversely, if many trading partners are expected
to be available, many projects are worth to be carried out, and as a result there will
actually be many trading partners. Studying the dynamics of this model, Diamond
and Fudenberg (1989) show that it can generate self-fulfilling fluctuations in economic
activity. If there are multiple markets with search frictions, the expected benefits of trade
in one market can depend on the presence and behavior of trading partners in another
market. Howitt and McAfee (1992) and Kaplan and Menzio (2016) show in related
models with interactions between frictional labor and goods markets how exogenous
shifts in expectations about the level of economic activity can be self-fulfilling and result
in more irregular fluctuations.!

In Chapter 2 of this thesis, I apply a similar demand externality to explain the
cyclical behavior of unemployment and vacancies. As a result of this externality,
revenue per worker-firm match is increasing in aggregate employment.? The benefits
of match formation in the labor market therefore depend on the actions of others in
the labor market, because changes in aggregate employment affect the revenues that
can be generated in the goods market. Expectations of higher future employment and
thus higher revenue per match motivate current investments in matching, and are
therefore self-fulfilling. For that reason, multiple perfect foresight equilibrium paths
exist. Some of these paths never converge to a steady state, but to a stable limit cycle.
Cycles exist because there is not only positive feedback, but also congestion. When
employment is high and firms open many vacancies, it takes more time and resources
to fill a single vacancy. These costs are no longer justified when firms foresee an end
to the boom, and they cut back on recruiting. Employment starts to fall, together
with revenue per match, until the labor market becomes so slack that hiring picks up

again. The resulting limit cycle resembles the empirically observed counterclockwise

'Howitt and McAfee (1987) identify another reason why search frictions may result in multiple levels
of economic activity. They point out that search frictions give rise to a bilateral monopoly across matched
trading partners. As a result, any division of the surplus of a match is possible, and every division results in
a different level of economic activity. Building on this insight, Farmer (2012) assigns a role to self-fulfilling
expectations in selecting the level of economic activity. Kashiwagi (2014) applies this idea to the U.S.
housing market. In this thesis, the division of the surplus is either determined by Nash bargaining, by a
fixed price, or by competitive search. The results therefore do not rely on indeterminacy resulting from a
bilateral monopoly.

2Alternatively, this relationship can result from increasing returns in production as in Mortensen
(1999), or increasing returns in matching as in Diamond (1982).



cycles around the Beveridge curve - the negative relationship between unemployment
and vacancies. I calibrate these ‘Beveridge cycles’ and show that both unemployment
and vacancies are as persistent as the data, without losing any of the amplification
of the standard search and matching model of Pissarides (1985). Persistence is the
result of calibrating the cycle to the average duration of the business cycle, and does
not rely on a (persistent) stochastic process. The fluctuations are generated by the
interplay of the positive demand externality and the negative congestion externality,
and this endogenous mechanism reduces the need for exogenous shocks in explaining
fluctuations in unemployment and vacancies.

As is clear from the literature cited above, demand externalities or increasing returns
to scale in matching are well-known sources of strategic complementarities. Chapter
3 of this thesis, which is joint work with Espen Moen and Plamen Nenov, shows that
moving owner-occupiers in the housing market are impelled to coordinate their search
behavior for another reason, not previously identified. Moving owner-occupiers must
buy a new house and sell their current one. They can choose to buy first or to sell first,
but search frictions result in costly delays for both buyers and sellers. Time-on-market
depends on the ratio of buyers to sellers. When moving owner-occupiers would like
to make the period in between the two transactions as short as possible, they want to
conclude their second transaction as fast as possible after the first one, and therefore
accept a longer time-on-market at their first transaction. If owners buy first, there will
be more buyers than sellers in the market. Consequently, on average it will take long
to find a suitable house, and buying first is optimal. Conversely, if owners sell first, the
buyer-seller ratio is low. Houses are thus expected to be for sale for a long time, and
selling first is optimal. As a result, there are two steady state equilibria: one in which
everybody buys first, and another one in which everybody sells first.

The strategic complementarity above exists without an explicit role for prices. When
prices are endogenous, resulting from Nash bargaining or competitive search, an
additional strategic complementarity arises. Moving owner-occupiers who already
bought first are relatively desperate to sell their old house, because of the costs of
holding two houses. For that reason, they are willing to sell at a relatively low price.
The possibility to exploit the impatience of such an owner of two houses increases
other moving owner-occupiers’ incentives to enter the market as a buyer. However,
doing so implies that they buy first, also ending up with two houses. Similarly, any

presence of impatient buyers motivates other moving owner-occupiers to sell first,
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and to become desperate buyers themselves. Indeed, when trading partners come
in different kinds, the composition of the pool of potential trading partners matters
for the expected benefits of searching for a partner.> We also show that if moving
owner-occupiers expect housing prices to rise, their incentives to buy first are stronger.
Buying first implies that a household has a long position on housing in between the
two transactions. Any anticipated rise in house prices thus makes it less costly to buy
first irrespective of the buyer-seller ratio in the market. Conversely, a moving owner-
occupier that sells first has a short position and benefits when prices fall. When prices
increase in market tightness, expectations can therefore destabilize the housing market
and lead to sudden self-fulfilling fluctuations in prices and market tightness. Such
fluctuations are quantitatively relevant, as they could explain almost a doubling of the
time-to-sell and price decreases up to 30 percent as the result of a switch from a ‘buy
first’ to a ‘sell first’ equilibrium. The co-movements of these variables are in line with
data for Copenhagen, a metropolitan area for which we can reconstruct the fraction of
households that buy first.

In the data for Copenhagen, however, the fraction of households that buy first never
reaches zero or one hundred percent, and the transition from this fraction’s minimum
to its maximum takes many years. For that reason, in Chapter 4 of this thesis, I build
on the analysis in the previous chapter but relax the perfect coordination of moving
owner-occupiers by assuming they neither know market tightness nor the fraction of
households that buy first. Although the number of sellers can simply be observed from
the stock of houses for sale, the number of buyers does not unambiguously show itself
in the market. As a result, the crucial variable that determines optimal behavior - the
ratio of buyers to sellers - is imperfectly observed. Instead, owners learn the behavior of
others in a process of random contagion a la Lux (1995). If contagion is strong enough,
multiple steady state equilibria exist with fractions of moving owner-occupiers that buy
first unequal to zero or one hundred percent. However, housing prices are low when
moving owner-occupiers in majority sell first. Such episodes offer profit opportunities
to speculators that can buy houses cheap, rent them out, and bring them on the market

later. Therefore I extend the model to allow for boundedly rational speculators that

3A similar strategic complementarity was first identified by Burdett and Coles (1998). They show
that the expectation of a favorable composition can make matched agents separate from their current
partner, to search for a better match. When such separation decisions actually improve the composition
of the pool of potential trading partners, separation is actually beneficial to matched agents. In this thesis,
separation is exogenous.



buy houses when they are cheap. When moving owner-occupiers take the presence of
such speculators into account, the fraction of households that buy first can fluctuate
perpetually in a way that closely matches the empirically observed housing cycle of
Copenhagen, and presumably other local housing markets. The fraction of owners that
buy first moves slowly, and in tandem with the number of transactions and housing
prices, and in the opposite direction of the time-on-market and the stock of houses for
sale.

The interaction between frictional goods and labor markets in Chapter 2 is of
reduced form. Chapter 5, which is joint work with Piotr Denderski, features these
markets explicitly in order to highlight unemployment risk in the labor market and the
risk of not selling in the goods market. We propose a theory of the self-employment
rate and the role of firms in the functioning of markets, which is based on the trade-off
between these risks and the opportunities for insurance against them. Because both
risks increase in the number of individuals facing them, their choices for self- or payroll
employment are strategic substitutes. Equilibrium is therefore unique, and can feature
the co-existence of self- and payroll employment. However, equilibrium is inefficient
under risk-aversion. One reason for this, identified by Acemoglu and Shimer (1999),
is that firms offer market insurance by paying lower wages, increasing the job finding
probability. In our model, such market insurance additionally distorts the career choice
in favor of payroll employment. We present an additional source of inefficiency, thus
far not identified in the literature, which is driven by the ability of the self-employed
to self-insure by setting lower prices. Because search is directed, lower prices increase
the probability of selling. Despite a partial pricing response by firms, self-insurance
steals business away from firms, distorting the allocation of buyers in the goods market.
Consequently, firms’ probabilities and benefits of trade in the goods market are smaller,
and they decrease their investments in match formation in the labor market. As a
result, unemployment risk increases and the career choice is distorted in favor of self-
employment. Combining self- and market insurance results in a self-employment rate
that is generally either too high or too low. We show that unemployment benefits and
benefits for the self-employed that fail to sell, paid for by taxes that differ between self-
and payroll employed, can target each of the margins of inefficiency and balance the
budget. In the presence of search frictions, equity and efficiency may therefore move
in the same direction, and there is a role for institutions to improve the functioning of

markets.



6 ‘ Chapter 1. Introduction

This thesis shows once more that externalities are the norm, and not the exception,
in markets with search frictions. Taking any resulting inefficiencies and positive feed-
back loops into account is crucial for a deeper understanding of recent developments

in labor, goods and housing markets.



2.1

CHAPTER

Persistence and volatility of

Beveridge cycles

Introduction

The dynamic relation between vacancies and unemployment is characterized by
counterclockwise cycles in the unemployment, vacancy rate-plane. After removing
any long-term trends with an HP-filter, the cycles for the United States are presented in
Panel 1a of Figure 1. It shows that the cycles mostly consist of movements parallel to
an almost perfectly inverse relationship between vacancies and unemployment - the
Beveridge curve - where downturns trace out a lower path than recoveries. The figure
also shows that vacancies are about as volatile and persistent as unemployment.

These observations are confirmed in the summary statistics of the unemployment
and vacancy rate. Table 1 reports standard deviations, autocorrelations, and cross-
correlations of these and other variables: market tightness v/u, the job finding rate
f, the destruction rate §, and labor productivity y. The standard deviations of the
unemployment and vacancy rate v are similar, their autocorrelations are about 0.95,
and their correlation is almost —0.9. Note also that the standard deviation of productivity
is almost ten times smaller than that of the unemployment and vacancy rate. Finally,
the average (unfiltered) unemployment and quarterly job finding and destruction rates
are 0.0587, 1.738, and 0.100 respectively.

In the canonical search and matching model of Pissarides (1985), unemployment

is a state variable while vacancies respond to shocks immediately. As a result, the
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Figure 1: Cyclical component of the Beveridge curve for (a) the United States, 1951-2014,
and (b) a simulation of Shimer (2005).

Notes: The seasonally adjusted unemployment rate u is constructed by the Bureau of Labor Statistics
(BLS) from the Current Population Survey (CPS). The seasonally adjusted vacancy rate v is obtained by
dividing a measure of vacancies by the labor force from the CPS. Following Daly et al. (2012), the former
is the Composite Help-Wanted Index constructed by Barnichon (2010) for the 1951-2000 period, rescaled
to equal the JOLTS in December 2000, which is used from that month onwards. I thank Bart Hobijn for
providing me with these data. The data are quarterly averages of a monthly series. The simulation is a
representative realization with productivity shocks only. Both data and simulation are expressed in logs

as deviations from an HP trend with smoothing parameter 10°.

model captures the counterclockwise direction of the cycles along the Beveridge curve.
However, the model fails to describe these cycles in at least two dimensions. First,
as is well-known, the model lacks sufficient amplification to generate the observed
volatility in unemployment and vacancies in response to realistic exogenous shocks
in productivity and/or the destruction rate (Shimer, 2005). Second, the model lacks
cyclical responses, as can be seen comparing the panels of Figure 1. Panel 1b plots
a realization of a detrended Beveridge curve as simulated by Shimer (2005), in his
calibration with productivity shocks only. The simulation not only lacks unemployment

volatility (note the scaling differences across the panels), but it also mainly features near
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u v viu f ) y
Standard deviation 0.195 0.178 0.362 0.175 0.073 0.02
Quarterly autocorr. 0.946 0946 0948 0926 0.735 0.894
u 1 -0.888 -0.974 -0.962 064 —-0.35
v 1 0.969 0.887 —0.647 0.327
Correlation matrix v/u 1 0.953 -0.662  0.349
h 1 —-0.522  0.333
S 1 —-0.504
¥y 1

Table 1: Summary statistics, quarterly US data, 1951-2014.
Notes: Labor market tightness v/ u is the ratio of the seasonally adjusted quarterly unemployment rate u
and vacancy rate v, both described below Figure 1. Appendix 2.7.A describes the construction of the job
finding rate f and destruction rate 6 from the monthly seasonally adjusted employment, unemployment,
and short-term unemployment rate as provided by the BLS from the CPS. Average labor productivity y
is seasonally adjusted real average output per person in the non-farm business sector constructed by
the BLS from the National Income and Product Accounts and the Current Employment Statistics. All

variables are reported in logs as deviations from an HP trend with smoothing parameter 10°.

vertical dynamics, in contrast to the data in Panel 1a. As a result, vacancies in the model
are neither as persistent as in the data, nor as persistent as unemployment.*

The current paper explains the cyclical behavior of unemployment and vacancies
with an endogenous cycle driven by demand externalities. Demand externalities result
from spillovers across a monopolistic goods market and a labor market with search
frictions, in which high aggregate unemployment feeds back to low demand for output
and thus a low revenue per worker-firm match. Combined with the delay in matching
and the congestion externality that are standard in search models of the labor market,
such feedback can give rise to equilibrium paths in vacancies and unemployment that
never converge to a steady state, but converge to a deterministic periodic closed path.
I refer to these rational expectations limit cycles in vacancies and unemployment as

Beveridge cycles. Expectations of high revenue per match are self-fulfilling because

“The lack of propagation in Shimer (2005) can also be understood from a univariate regression of
labor market tightness (or the job finding rate) on productivity, which results in an R? of 1.00.
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such expectations make firms open vacancies, resulting in higher employment and - via
demand externalities - higher revenue per match in the future. However, congestion in
a tight labor market may make hiring so costly that firms may reduce vacancies before
reaching a steady state. In that case, the equilibrium path turns and job destruction
takes over from job creation, unemployment increases and revenue per match falls.
Hiring picks up again when the labor market becomes sufficiently slack.

Rather than modeling the goods market explicitly, I assume that revenue per match is
a function of aggregate employment. [ add this reduced-form relationship to a Pissarides
(2000) search and matching model with variable search intensity and analyze the global
dynamics of the model. Theoretically, the occurrence of a Bogdanov-Takens bifurcation
shows that Beveridge cycles exist and are stable for a range of parameter values. This
implies that a small perturbation to a parameter, or introducing a small amount of
risk aversion, would not eliminate cycles. Quantitatively, I investigate whether these
cycles can match the empirically observed standard deviation and autocorrelation of
unemployment and vacancies. Calibrating the cycle to the average duration of the
business cycle, the simulated autocorrelations of both unemployment and vacancies
closely match their observed autocorrelations. Persistence is an endogenous feature of
the Beveridge cycle, and results from the neighborhood of a steady state with saddle-
path stability. In particular, it is not a result of a persistent stochastic process for
productivity, and it does not compromise volatility. Indeed, the model is subject to
the same (lack of) amplification mechanisms as the standard model, but generates
its volatility in revenue per match endogenously, reducing the need for exogenous
shocks. Variable search intensity and a high positive value of leisure are important
for the empirical performance of the model. The flow value of unemployment does
not only contribute to amplification, but also brings the size of the required demand
externalities in line with the literature. The existence of limit cycles does not rely on
variable search intensity or a positive value of leisure.

My model is formally equivalent to the model of Mortensen (1999), who shows
the existence of limit cycles in employment and the surplus of a match. He gives
the intuition of the counterclockwise cycles along the Beveridge curve, but does not
perform a calibration. I present the model in the standard search and matching variables
- unemployment and labor market tightness - and add a positive value of leisure,
which has a non-trivial impact on the existence and characteristics of equilibria in
this nonlinear model. In Mortensen (1999), following Mortensen (1989), the feedback



2.1. Introduction ‘ 11

from aggregate employment on revenue per match results from increasing returns
in production. Alternatively, this feedback can result from increasing returns in the
matching function for the goods market as in Diamond (1982) and Howitt and McAfee
(1987). Diamond and Fudenberg (1989) and Boldrin et al. (1993) show that such
increasing returns can result in endogenous cycles, but their models do not contain
vacancies. In a reduced form, however, the three interpretations of the relationship
between aggregate employment and revenue per match are equivalent, and capture the
three examples of Cooper and John (1988) that can result in strategic complementarities:
production technology, matching technology, and agents’ demands.

With respect to the latter, Heller (1986) and Roberts (1987) show that demand
externalities can generate multiple equilibria. Exploiting equilibrium multiplicity,
Howitt and McAfee (1992) propose belief shocks to switch from one equilibrium path
to another. Drazen (1988) shows that demand externalities can generate endogenous
cycles in firm match value and unemployment. However, he assumes an equal number
of vacancies and unemployed and thus rules out cycles in the two. Recently, novel
interactions between frictional labor and product markets have been proposed to
generate endogenous cycles or multiplicity. Beaudry et al. (2015) obtain demand
externalities from unemployment risk and precautionary savings, and embed the
resulting limit cycle in a model with exogenous disturbances. They estimate this model
and show that the endogenous cycle can explain U.S. business cycle fluctuations in
output and employment well, provided that the productivity shocks make the cycle
sufficiently irregular. They do not investigate the dynamics of vacancies. Kaplan and
Menzio (2016) argue that the unemployed do not only spend less, but are also more
likely to pay low prices for the same goods. They use the combination of these effects -
referred to as shopping externalities - to explain the outward shift of the Beveridge curve
since the Great Recession. In particular, this shift results from the transitional dynamics
after a belief shock switches coordination to an equilibrium with higher unemployment
and smaller markups.

The literature on the outward shift of the Beveridge curve is growing. In Ravn and
Sterk (2012), lower aggregate demand results from precautionary savings in the wake
of higher unemployment, and further reduces job finding prospects. Heterogeneity
in search efficiency introduces negative duration dependence and an outward shift in
the Beveridge curve. In Eeckhout and Lindenlaub (2015), sorting makes on-the-job

search improve the composition of job searchers, boosting labor demand and justifying
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on-the-job search. The shift in the Beveridge curve results from a switch from an
equilibrium without to an equilibrium with on-the-job search. Consistent with my
model and suggested by Panel 1a of Figure 1, Diamond and Sahin (2015) show that
outward shifts in the Beveridge curve after a trough are common in U.S. historical data,
and not likely to be persistent.

My paper is also related to the large literature that proposes mechanisms that
increase the amplification of the standard search and matching model. Mortensen
and Nagypal (2007) provide an overview. Recently, Gomme and Lkhagvasuren (2015)
have shown that procyclical search intensity increases amplification by making the net
flow value of leisure countercyclical, and as the result of a strategic complementarity
in search and recruiting activity. My model features procyclical search intensity, but,
given the elasticity of the matching function, constrains its effect to the estimated
elasticity of the job finding rate with respect to labor market tightness. A few other
papers address the persistence of the standard model. Fujita and Ramey (2007) show
that cyclical responses can be generated by the introduction of sunk costs of vacancy
creation. They show, however, that spreading out the impact of a shock in such a way
results in a counterfactually high cross correlation between labor market variables and
productivity across time. Coles and Kelishomi (2011) achieve persistence of vacancies
by replacing the free entry condition by search for business opportunities and time
to build an identified opportunity into a vacancy. Dromel et al. (2010) and Petrosky-
Nadeau (2014) address propagation by credit frictions, and therefore follow Fujita and
Ramey in focusing on the costs of vacancy creation. In contrast, persistence in my
model results from a self-reinforcing effect on the benefits of vacancy creation, while
maintaining free entry of vacancies.

The calibration of Chéron and Decreuse (2016) is most closely related to mine. They
show that phantoms - traders that are still present in the market but that are no longer
available for trade - can result in a labor market matching function with increasing
returns to scale in the short run and constant returns in the long run, which results in
excess volatility and self-fulfilling fluctuations. They also calibrate a deterministic limit
cycle, and can explain the persistence of unemployment and labor market tightness
if wages are rigid, if phantoms mostly consist of vacancies, and if they ‘haunt’ the
market for a long time. Note that the demand externalities in my model are similar to
decreasing, not increasing, returns to scale in the labor market. Ellison et al. (2014) show

that such locally decreasing returns to scale in labor market matching can increase
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amplification and persistence. However, with respect to their quantitative results, they
focus on saddle-path dynamics. Sterk (2016) shows that skill losses upon unemployment
can result in multiple steady states, and slower dynamics in their neighborhoods result
in more persistence. Technically, the same mechanism delivers persistence for the
Beveridge cycle, but the model of Sterk (2016) features a unique equilibrium. Only
Chéron and Decreuse (2016) calibrate a deterministic model to quantify its performance
in explaining labor market dynamics, while Beaudry et al. (2015) show that fundamental
shocks on top of a deterministic cycle can reproduce the spectrum of the data.

Finally, my paper is related to applications of the Bogdanov-Takens bifurcation in
economics. Using this bifurcation, Benhabib et al. (2001) show that an active monetary
policy rule in the presence of a zero lower bound results in indeterminacy and can direct
an economy into a liquidity trap. In models with search frictions, phase diagrams in
Howitt and McAfee (1988), Coles and Wright (1998), and Kaplan and Menzio (2016) also
suggest the occurrence of a Bogdanov-Takens bifurcation, although these authors do

not explore this possibility.

Model

This section presents a Pissarides (2000) equilibrium search and matching model with
variable search intensity and feedback from employment to revenue per match. Time is

continuous and lasts forever, and there is no aggregate uncertainty.

2.2.1 Preferences, markets, and choices

The economy consists of a measure one of infinitely lived workers and an endogenous
measure of firms owned by workers. All firms have access to the same technology. They
maximize expected profits and discount future profits at rate r. Workers are endowed
with an indivisible unit of homogeneous labor every period. They are risk-neutral too
and maximize lifetime utility, discounted at the same rate r. At time ¢, an endogenous
measure 1, of workers is employed, and the remainder u; = 1 — n; is unemployed.
Unemployed workers receive a flow utility z > 0 that is independent of labor market
conditions. It captures the combination of the unemployment benefit, the stigma of
unemployment, the value of home production and the pure value of leisure that come

with unemployment.
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Matches of a single worker and firm produce consumption goods that are sold
for a one-period IOU in a goods market. A firm’s receipts are split in a wage w; and
profits, are immediately transferred to its employee and owners respectively, and must
be spent in the same period on consumption goods produced by other worker-firm
matches. Rather than modeling the goods market explicitly, I propose a reduced-
form relationship between the flow revenue y; of a worker-firm match and aggregate
employment. Assuming a constant elasticity, y; = ¢ (ny) =1 —uy) = po (1 —uy)*. 1
normalize ¢ to one and assume that a > 0, so that revenue is increasing in aggregate
employment. As explained in the introduction, several interpretations can be given to
the effect of aggregate employment on revenue per match, but throughout this paper
I refer to this effect as a demand externality. In this interpretation the goods market
is characterized by imperfect competition. Revenue per match increases in aggregate
employment because when employment is high, customers spend more, possibly also
in any given trade.

The labor market is characterized by search frictions, so that the formation of
worker-firm matches takes both time and resources. The total measure of matches mi;
formed in a certain period is given by the common Cobb-Douglas matching function
m (v, SiUy) = My v? (s;u)' ™", with 0 < n < 1. Inputs of this function are aggregate
recruiting activity represented by the vacancy rate v; (scaled by the labor force), and
aggregate search effort given by the unemployment rate u;, times the search intensity
s; of the unemployed. Normalize m, to one and define labor market tightness 0;
as the ratio of the inputs of the matching function: 6, = v,/ (s;u;).> An individual
unemployed worker finds a job at the Poisson rate v? (seu) ™ u; = stG?. Similarly,
individual vacancies are filled at a rate v? (seup)t /v, = 9?/ 0;. Matches are destroyed
at an exogenous rate 0 > 0. The surplus of a match is divided by Nash bargaining.

There are two choices to be made in this economy. First, at any moment in
time ¢, unemployed workers choose the intensity s; at which they search for jobs.
Search intensity comes at increasing and strictly convex costs ¢ (s;) = ¢p SZ, with y > 1.
Simply scaling search intensity, I normalize cy to one.® The discouraged worker effect -
unemployed workers stop looking for a job if the prospect of finding one is very bad -

is modeled by s;, because the labor force is fixed while search intensity will be seen to

°In this paper I only study the cases where s;, u; > 0, so that 0 is always defined.
6The model allows for normalization of my and ¢;, because the level of the ratio of vacancies to
unemployment v;/u, and the value of search intensity s; are intrinsically meaningless.
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increase with labor market tightness. Combined with the gross value of leisure z, the
net flow utility of the unemployed is z — s;y.7 Second, at any moment in time, potential
firms freely decide whether to enter the labor market by opening a single vacancy at a
flow cost k > 0. Simultaneously any existing firm decides freely whether to withdraw its

(unfilled) vacancy from the market.

2.2.2 Asset values of workers and firms

Free entry of vacancies implies that in equilibrium the value of opening an additional
vacancy cannot be positive. As described above, an individual vacancy costs k per
period and is filled at a rate 9?/ 0;. Defining J; as the value of a worker to a firm, it must

hold that .

k= B_tt Iz, 2.1
and 0, = 0 with complementary slackness. The value of opening an additional vacancy
is therefore only negative if the stock of vacancies is zero. In the remainder of this paper
I focus on equilibria with economic activity, i.e. with a positive level of labor market
tightness.

An unemployed worker enjoys a flow utility z — s’t/ and finds a job at the Poisson rate

ste?. The value U; of unemployment to an individual worker is therefore described by
rUr=z—s' +50] (W, —Up + Uy, (2.2)

where W; is the value of a job to a worker.
The flows to a firm are revenues (1 — u;)* minus wage w;, which is the periodical
income to the worker. The asset price equations of a job J; and W, to a firm and a

worker respectively, are then
rli=0-u)*—w—86J+J (2.3)

Wy =w,;—86(W,—U,) + W,. (2.4)

The wage is determined by Nash bargaining over the surplus of a match p; = J; +
W; — U;, with worker’s bargaining power equal to f € (0,1) and separation (U, 0) as

threat point. The firm’s rent is therefore equal to its share of the surplus:

Ji=0-PB U+ W, -Up, and J,=(1-p) (J,+ W, - V), (2.5)

“Note that z does not affect c (s;), which seems a reasonable assumption for risk-neutral agents. This
assumption highlights the effect of the value of leisure on vacancy creation rather than labor supply.
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where the latter follows because wages are continuously renegotiated.?

Asin (2.2), an unemployed worker’s net expected income from search activity g; is
stﬁ? (W=U,) — S;Y. He optimally chooses his search intensity s;, taking into account
that the surplus of a match will be divided by Nash bargaining. Using (2.1) with equality,
net expected income from search activity can be expressed in terms of labor market
tightness:

sik0,—s) | (2.6)

g0y = max

p
c |1-8
Finally, add (2.3) to (2.4), subtract (2.2), and substitute g (6;), to obtain the law of motion
for match surplus

pe=r+0)pr—1—-u)*+z-g(0,). 2.7)

2.2.3 Equilibrium behavior and dynamics

Unemployed workers choose the intensity s; at which they search for jobs. Balancing
the benefits of search with the costs, from (2.6) optimal search intensity s* (8;) is given
by

1
bk )“ . 2.8)

*
s" (0 = (m;et
As referred to above, optimal intensity increases in tightness, and is positive for 6 > 0.
Together with the stocks of vacancies and unemployed workers, it determines the
measure of matches formed at any instant. Combined with the destruction of existing
jobs, unemployment evolves according to a differential equation in unemployment and
tightness:

Ur=61—u)—s" 090 u. (2.9)

By opening or closing vacancies, firms translate changes in expectations about the
value of a worker to the firm in changes in labor market tightness with perfect foresight.
Indeed, for any positive level of tightness, (2.1) implies

k6,

Ji=—. (2.10)
0}

8pissarides (2009) shows that the crucial assumption for job creation is that wages of new matches
are given by this rule. How rents in ongoing jobs are split is inconsequential for job creation, and thus
for the dynamics in this model. Coles and Wright (1998) have shown that outside a steady state, Nash
bargaining no longer necessarily corresponds to the outcome of strategic bargaining with appropriately
defined threat points as the time between offers goes to zero, as it would in a stationary environment
(Binmore et al., 1986). Consequently, the division rule in this paper should not be interpreted as the
outcome of strategic bargaining, but as an axiomatic solution.
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Differentiating with respect to time, the value of a worker to a firm and labor market

tightness move in tandem:

. kO,(1-n)
]t:—ten LS (2.11)
t
Substituting (2.5) and (2.10) into (2.7), the value of a worker to a firm evolves according
to
. kO, o
Jtz(r+5)0—,7—(1—ﬁ)[(1—ut) —z+g(01)]. (2.12)
t

Finally, combine (2.11) and (2.12) into a second differential equation in unemployment

and tightness:
6,=(r+06) : +(1-p) i (g0 +z-1—-up? (2.13)

= - z—(1- . .
t -7 k(1 -1) 8§ t

Equilibrium can now be defined as in:

Definition 2.1. A perfect foresight equilibrium with economic activity is a pair of
functions {u;,0;} such that:

1. For all £ =0, unemployment u; € [0, 1] evolves according to (2.9);

2. For all £ =0, labor market tightness 8, > 0 evolves according to (2.13);

3. lim;_, 0 is finite and uy is given.

In the presence of search frictions, an equilibrium is not necessarily efficient.
Positive externalities of search and recruiting activity occur for trading partners for
whom matching is more likely because of the availability of more (effective) trading
partners. Negative externalities of search and recruiting activity occur for searchers
of the same type, for whom matching is less likely because of increased congestion
for trading partners. These externalities only cancel once the net private returns
from search and recruiting activity equal the net social returns. Proposition 2.2 states
this happens if the familiar Hosios (1990) condition is satisfied. Note that the Hosios
condition only concerns the search externalities, not the demand externalities. The
proof in Appendix 2.7.B extends the efficiency results of the Pissarides (2000) model

with variable search intensity to out-of-steady state dynamics.

Proposition 2.2. Suppose revenue per match is independent of unemployment and
constant, i.e. y; = y. Then search intensity s; and labor market tightness 6; are efficient if
and only if the bargaining power of firms 1 — 3 is equal to the elasticity of the matching

functionn.
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Thus, 1 - = n is the efficient sharing rule for a social planner that takes the
demand externalities as given, just as firms and workers do, but does internalize search
externalities. In fact, the demand externalities result in multiple equilibria for the same
fundamentals, and Mortensen (1999) shows that these equilibria can be Pareto-ranked.
The next section presents steady-state equilibria, whereas the section after that presents
the non-stationary equilibrium of the Beveridge cycle that encloses one of these steady

states.

Steady state equilibria

In this section, I present the steady-state equilibria of the model economy, and study
their stability. I show that if there exists a steady state with economic activity for z > 0,
then there are generically multiple of them. Knowledge of the stability of these steady

states helps to understand the Beveridge cycle that ultimately explains the data.

2.3.1 Nullclines

A steady state is a pair of functions (u;,0;) in which both unemployment and labor

market tightness are constant. Unemployment is constant on the i, = 0-locus or

unemployment nullcline, where (2.9) is equal to zero:

Ur = #, (2.14)

5+s*0,)0]

with s* (6;) as given in (2.8). One can see that in steady state all workers are unemployed

if tightness is zero, and that steady-state unemployment decreases in tightness via the
job finding rate.

Tightness is constant on the 8, = 0-locus or tightness nullcline. Equalizing (2.13) to

zero, the tightness nullcline for equilibria with economic activity can also be expressed

as unemployment in terms of tightness:

Q=

k0,
(1-p)6"

Again unemployment decreases in tightness: at a lower level of unemployment, revenue

ur=1-|(r+90) +g80)+z| . (2.15)

will be higher, and therefore in equilibrium firms open more vacancies. From (2.15)

with 8, = 0, we can see that the nullcline crosses the 8 = 0-axis at

Up_o=1-2"% (2.16)
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At this level of unemployment, revenue per worker-firm match equals the gross value
of leisure, and firms do not want to open any vacancies. For smaller values of leisure,
wages are lower. As a result, there is more surplus of a match, and firms open more
vacancies. Figure 2 shows representative unemployment and tightness nullclines, and

indicates the location of ug—q for some z > 0.°
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Figure 2: Nullclines of unemployment (dashed) and labor market tightness, resulting in
the three steady states N, L, and H.
Notes: Parameters are k = 0.55,5 =0.1, r =0.012,n=0.5,y =1.29, ¢ = 0.3,  =0.5, and z = 0.71.

2.3.2 Existence of steady states

A steady state with economic activity exists where the two downward-sloping nullclines
intersect. Figure 2 shows two steady states with activity: a steady state L with a relatively
low but positive employment and labor market tightness, and a steady state H with high
employment and tightness. Due to the complementary slackness condition, there is

also always a steady state [N without economic activity at @ = 0 and u = 1. However, it is

9Since unemployment can be expressed more easily as a function of tightness than the reverse, I
plot unemployment on the vertical axis and tightness on the horizontal. Once I later plot vacancies to
unemployment, unemployment will be on the horizontal axis as is common in the literature. With these
conventions, counterclockwise cycles in unemployment and vacancies thus correspond to clockwise
cycles in unemployment and tightness.
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not generally possible to give explicit solutions for steady states with economic activity,
and they may not always exist. In particular, for z > 0 there are only steady states with
economic activity if recruiting costs k are small enough. If not, the unemployment
nullcline will lie entirely above the tightness nullcline, and the steady state without
activity is the only steady state.!°

As soon as recruiting costs become small enough, the two nullclines touch and
a saddle-node bifurcation occurs. In a bifurcation the qualitative properties of a
dynamical system change as the result of a change in one or more parameters, k in this
case.!! Bifurcations are of interest because regions in the parameter space delimited by
bifurcations are therefore structurally stable, i.e. the qualitative dynamics are invariant
to small perturbations of the parameters. The qualitative change as the result of a saddle-
node bifurcation is the emergence of two additional steady states: a saddlepoint and an
antisaddle (node or focus).!? Depending on the shape of the nullclines, saddle-node
bifurcations can happen multiple times. As a result, if any steady state with economic
activity exists for z > 0, there is generically an even number of them. Focusing on this
empirically relevant case, Proposition 2.3 states a sufficient condition for the existence

of exactly two steady states with economic activity. The proof is in Appendix 2.7.B.

Proposition 2.3. Suppose k is small enough to guarantee the existence of a steady state

_ 0
0+ (r+0)(1-nn(y-1

a
with economic activity. Then if a <1 and z > (1 ) , exactly two of

them exist.

The sufficient condition in Proposition 2.3 ensures that the unemployment nullcline
is convex and the tightness nullcline is concave on the relevant sections, but my
calibrations as presented in Subsection 2.5.1 shows that this condition is not necessary.
In the next subsection I characterize the stability of the set of steady-state equilibria
with activity.

101f z = 0, at least one steady state with activity exists if n + (y — 1)~ < 1, independent of other
parameters.

HAlternatively, for a given k and a, the gross value of leisure z must be small enough. See e.g.
Kuznetsov (2004) for more on bifurcation theory.

12 A1 antisaddle is a focus if its eigenvalues are complex, thus if tr? < 4det, and a node otherwise.
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2.3.3 Stability of steady states

The local stability of the steady states with economic activity can be studied by
linearizing the dynamical system given by (2.9) and (2.13). In a steady state with

economic activity, the Jacobian matrix is

- ” )
( % % ) _ r+8+5*0)0] 2 W (1B g (1= u)?™!
30 o Moo \ —5©0007u—s*@)n0] u -5-s*0,6]

(2.17)

with

j o1 (B k \PT
S(H”_Ht(y—l)(l ﬁyet) '

We see that 89,/86; > 0, 30,/du; > 0, d11,/00, < 0, and dit;/du; < 0 in steady state.
Depending on whether the product of the diagonal elements (80,/00,)(01t;/0u;) or
the product of the cross-diagonal elements (00,/0u;)(811,/186,) is more negative, the
determinant is negative or positive respectively. If and only if the determinant of the
Jacobian matrix at a steady state is negative, it has eigenvalues of different signs and thus
saddle path dynamics (see e.g. Kuznetsov (2004, p. 49)). If and only if the determinant is
positive, the eigenvalues are of equal sign and the steady state is an antisaddle. Since
only an antisaddle can feature surrounding oscillatory dynamics, Proposition 2.4 states

a necessary condition for endogenous cycles.

Proposition 2.4. A steady state with economic activity is an antisaddle if and only if the

unemployment nullcline crosses the tightness nullcline from above.

Proof. The slopes of the nullclines in any of the steady states with economic activity are
given by

du;  _ 0uy Ouy du; 3 66t 69[
- d6;"%="" " 56, ou,’

Now we see that
69t aut 69 Out

09 t 0 Uy 0 Uy 06 t
if and only if the former is steeper than the latter. Since both terms are negative by the
sign restrictions, this corresponds to the unemployment nullcline crossing the tightness

nullcline from above. O
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As can be seen in Figure 2, steady state L is the intersection of the unemployment
nullcline crossing the tightness nullcline from above. As a result, only this steady state
can feature endogenous oscillatory dynamics enclosing the steady state. Steady state H
is a saddlepoint, so that there is an equilibrium saddlepath leading to it.

The trace of the Jacobian matrix in the antisaddle indicates whether the dynamics
locally converge to it (the trace is negative and the antisaddle is a sink), diverge from it
(positive trace; source), or neither (zero trace; center). The trace is given by the sum of
the diagonal elements of the Jacobian matrix (2.17), and is thus

00, ouy,
30, du;

We see that the trace is exactly r > 0 if § = 1 — 7, thus if the Hosios condition is satisfied.

r+s* (909’}(%—1). (2.18)

The trace is also always positive for § > 1 — 7. As a result, the antisaddle is unstable in
these cases. However, as we will again see in the next section, the trace can take either

signfor f<1—n.

Beveridge cycle equilibria

In this section I show that the steady states and equilibrium paths leading to them are
not the only equilibria. In particular, I show that there exists a stable limit cycle for a
range of values for workers’ bargaining power. A limit cycle is a periodic orbit enclosing
an antisaddle such that at least one other path converges to it as time approaches
positive infinity (the cycle is stable) or negative infinity (the cycle is unstable). Since the
limit cycle in this paper results in enduring endogenous fluctuations in vacancies and
unemployment, I refer to it as a Beveridge cycle.

The existence of a stable Beveridge cycle follows from the occurrence of a Bogdanov-
Takens bifurcation. This bifurcation generically occurs in a system of two or more
parameters, in which a Hopf bifurcation, a saddle-loop bifurcation, and a saddle-
node bifurcation occur in a single point in the parameter space. This Bogdanov-
Takens point is important because it is an organizing center for the dynamics: it
characterizes the qualitative dynamics of the system in the neighborhood of this point.
The next subsection presents examples of the relevant kinds of qualitative dynamics,
as demarcated by a Hopf and a saddle-loop bifurcation respectively. These examples
also show the existence of multiple equilibria for the same initial unemployment rate.
Next, I show the occurrence of the bifurcations more formally. Finally, I describe the

economics of the Beveridge cycle.
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2.4.1 Examples of oscillatory dynamics

Figure 3 plots phase diagrams for four different values of the workers’ bargaining power
B. These phase diagrams zoom in on the steady states with economic activity, and the
nullclines are dashed. Starting off from a small § in Panel 3a, the antisaddle is a stable
focus, so that it attracts oscillating paths from initial conditions for unemployment
outside itself. Notice that the equilibrium path towards the antisaddle is locally
indeterminate, and that, in between the two outer paths of the panel there must also be
an equilibrium saddlepath leading to the saddlepoint.

Increasing f, at some critical value the eigenvalues of the Jacobian matrix at
the antisaddle become purely imaginary, and a Hopf bifurcation occurs. In a Hopf
bifurcation, a periodic orbit emerges out of an antisaddle, and inherits its stability.
Because the antisaddle of Panel 3a is stable, in this Hopf bifurcation it becomes unstable
and gives rise to a stable limit cycle. Panel 3b presents this limit cycle. Equilibrium
is still locally indeterminate and in between the two depicted paths there is again a
saddlepath.

The limit cycle grows for a larger and larger workers’ bargaining power until it
coincides with the stable and unstable manifolds of the saddlepoint. When this happens,
a saddle-loop bifurcation occurs, which is depicted in Panel 3c. At this bifurcation the
periodic orbit connects the saddlepoint with itself, and is therefore called a homoclinic
orbit. At the saddle-loop bifurcation the basin of attraction outside the periodic orbit
has disappeared, except for the remaining saddlepath below the saddlepoint.

For larger values of § as in Panel 3d, periodic orbits do not exist any longer. The
antisaddle remains unstable, but now the paths originating from its neighborhood will
no longer be bounded, except for the saddlepath. Equilibrium is, however, still locally

indeterminate.

2.4.2 Hopf, saddle-loop and Bogdanov-Takens bifurcations

The phase diagrams suggest the occurrence of a Hopf and a saddle-loop bifurcation.
In this subsection I confirm the occurrence of these bifurcations. Moreover, I show
that parameter combinations for which these bifurcations occur come together in a
Bogdanov-Takens point. As a result, these bifurcations fully describe the behavior of

the dynamical system in the neighborhood of this point in the parameter space.
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Figure 3: Representative phase diagrams for different values for .
Notes: (a) Stable steady state for = 0.85; (b) Stable limit cycle for § = 0.89294; (c) Homoclinic orbit of
the saddle-loop bifurcation for 8 = Bs; = 0.8930; (d) No closed orbits at efficient bargaining for = 0.9.
Nullclines are dashed, intersecting twice. k and ¢y used to normalize steady state L tightness to 1. Other

parameter values from Table 2, first column. fy,pf ~ 0.89290.

A Hopf bifurcation occurs when the eigenvalues of the Jacobian matrix at the
antisaddle cross the imaginary axis, so that the trace becomes zero. Remember from
discussion of Equation 2.18 that the trace is always positive for = 1 —n. Proposition

2.5 shows that it can become zero for a sufficiently small workers’ bargaining power.

Proposition 2.5. Under the regularity condition that the job finding rate in the anti-
saddle exceeds the discount rate r > 0, there exists a fropf € (0,1 —n) for which the
antisaddle undergoes a Hopf bifurcation. As a result, there is a limit cycle in a one-sided
neighborhood of Bropy-



2.4. Beveridge cycle equilibria ‘ 25

Proof. In any antisaddle the real parts of the eigenvalues are of the same sign, so that if
the trace has a simple zero in the antisaddle, the eigenvalues cross the imaginary axis.
From (2.18) we see that the trace has a simple zero at S0, = (1-7) (1—r/(s* 6y 9?)) €
0,1-n)if s* (8y) 9;7 > r > 0. Therefore, for s* (6,) 9? > r in the antisaddle there exists a
0 < BHopf < 1—mn for which a Hopf bifurcation occurs. As a result, a limit cycle exists in

a one-sided neighborhood of S, . O

Proposition 2.5 implies that the antisaddle is a sink for < 1, r and a source for
B > Brops- For only one of these inequalities there exists a limit cycle enclosing the
antisaddle for § sufficiently close to S, r, but the proposition does not tell in which
case. If the limit cycle exists for the left-sided neighborhood of S, ¢ it must be unstable,
because the antisaddle is stable, and vice versa for the right-sided neighborhood.

While the limit cycle coincides with the antisaddle and the period of the cycle
approaches zero as f — Bp,pf, in a so-called saddle-loop bifurcation the cycle assumes
its maximal size. A saddle-loop bifurcation occurs when the stable and the unstable
manifolds of a saddlepoint connect to form a homoclinic orbit, a path that connects
a steady state with itself. Because of the neighborhood of the saddlepoint, the period
of the cycle approaches infinity as the cycle approaches the homoclinic orbit. In
Hamiltonian systems (where all orbits are level curves) homoclinic orbits are a generic
phenomenon, but in systems where the trace is generically nonzero the existence of
a homoclinic orbit is not robust to small perturbations of a single parameter. In such
systems the existence of a homoclinic orbit can be proven by perturbing a Hamiltonian
system, and then the Andronov-Leontovich theorem (see e.g. Kuznetsov (2004, p. 200))
states that a limit cycle bifurcates on one side of the homoclinic orbit. Proposition 2.6
extends the result of Mortensen (1999) on the existence of a homoclinic orbit to the case

of a positive value of leisure.'® The proofis in Appendix 2.7.B.

Proposition 2.6. Suppose that parameters are such that two steady states with economic
activity exist forz >0, r =0, and f = 1—n, and define 0y and uy as market tightness and
unemployment in the saddlepoint H respectively. Suppose also that (1—uy+az"'*)% <

1-a) [(1 —Uug) (z+ k@;q’/(l - ﬁ)) - Uyg (HH)]. Then there exist a Bs; < 1 —n such that

13Mortensen (1999) shows that (2.18) holds globally, not only in steady states, and as a result his
system can be described by a Hamiltonian function when the Hosios condition holds and r = 0. Moreover,
Bendixson’s criterion (Guckenheimer and Holmes, 1983, p. 44) then rules out limit cycles whenever both
r>0and f=1-n.
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for a sufficiently small r > 0 a homoclinic orbit exists. Moreover, there exists a family of

stable limit cycles for a one-sided neighborhood of Bs; .

Proposition 2.6 states that there exists an orbit that connects the saddlepoint with it-
selffor B = Bsz, and (1-uy+az'/9*! < (1-a) [(1 —ug) (z + k@;_n/(l - ,6)) -uyg (HH)]
is necessary and sufficient to guarantee that 6; > 0 on this homoclinic orbit. While the
homoclinic orbit itself is not a robust phenomenon, it is of interest because it implies
that a family of limit cycles can be found in the neighborhood of fs;. However, although
Proposition 2.6 tells us that these limit cycles are stable, it cannot tell us whether these
cycles occur for > 1 or f < fsr. Moreover, we do not know yet whether B,y ¢ < Bsi,
or the other way around.

Given the limited number of ways that limit cycles can appear or disappear,
if Bropr < Psr stable limit cycles would exist for the right-sided neighborhood of
Bropf, delimited by Bsy. If Bropr > Bsi, stable limit cycles would exist for the right-
sided neighborhood of Bs;, upon collision (in a saddle-node bifurcation of cycles)
annihilating an unstable limit cycle that would exist for the left-sided neighborhood of
Bropr- To rule out this latter case, and to show that a stable limit cycle exists for a range
of values for the workers’ bargaining power 8 € (Bxo, s, Bs1), I show the occurrence of a
Bogdanov-Takens bifurcation. A necessary condition for this bifurcation is Bogdanov-
Takens singularity, which requires that both eigenvalues are zero in a steady state.
Proposition 2.7 states that such a point in parameter space exists. The proof is in
Appendix 2.7.B.

Proposition 2.7. Define Bogdanov-Takens singularity as a steady state with two zero
eigenvalues but a nonzero Jacobian matrix. There exists a point in parameter space that

satisfies this singularity, and it is unique for a < 1.

Under certain genericity conditions this singularity is sufficient for the occurrence of
a Bogdanov-Takens bifurcation. These conditions require that one can ‘travel’ through
the Bogdanov-Takens point by varying the parameters. To suggest that this is the
case, I present the bifurcation diagram of Figure 4.1 The figure shows combinations
of parameters a and g for which bifurcations occur. The regions bounded by these

bifurcations can be represented by qualitatively similar phase diagrams, where (a), (b),

147 formal proof requires the construction of a normal form and is too involved to present here, see
e.g. Kuznetsov (2004, p. 322).
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and (d) correspond to the respective panels of Figure 3, reprinted for convenience. The
gray solid curve represents combinations of @ and § for which a saddle-node bifurcation
occurs, so that above the curve (in region (0)) no steady states with economic activity
exist while below it there are two of them. The bold curve depicts the occurrence of
a saddle-loop bifurcation as in Panel 3c. Right of this curve is the familiar region (d)
in which all equilibria are either steady states or saddlepaths, and in which the dots
indicate efficient bargaining. The dashed curve represents combinations of @ and
B for which a Hopf bifurcation occurs, so that left of this curve (in region (a)) there
is a continuum of equilibria spiraling towards antisaddle L. Region (b), bounded by
the Hopf and the saddle-loop bifurcations, features the Beveridge cycle. This region
increases in r. Finally, there is a Bogdanov-Takens point BT where the Hopf bifurcation
curve and the saddle-loop bifurcation curve connect tangentially to the saddle-node
bifurcation curve, as they should for a Bogdanov-Takens bifurcation to occur.
Consequently, for an elasticity of the demand externalities « in the left-sided
neighborhood of the Bogdanov-Takens point, there exists a family of limit cycles
enclosed by a Hopf and saddle-loop bifurcation. The Bogdanov-Takens bifurcation
rules out another bifurcation that could change the stability of these cycles. Because
Proposition 2.6 shows that the limit cycles born at the saddle-loop bifurcation are stable,
the entire family is stable. This implies that S, < Bsr, because a stable limit cycle
requires a positive trace in antisaddle L, which only occurs for > B, f. As aresult, a
stable Beveridge cycle exists for f € (Bropf, Bsr). Because the Beveridge cycle exists for
arange of values for the parameters, it is structurally stable. The cycle will thus continue
to exist under small perturbations of the parameters, or upon introduction of some risk

aversion.

2.4.3 The economics of the Beveridge cycle

The analysis above implies that for § < 51, starting from a sufficiently low initial condi-
tion for unemployment, expectations select which steady state will be reached in the
long run. Moreover, also for § > 51 multiple equilibria exist in the neighborhood of the
antisaddle due to local indeterminacy. Obviously, multiple self-fulfilling expectations
are the result of the feedback from aggregate employment to the revenue per match
generated by the demand externality, but they also require delays in matching. An

expectation that unemployment will be low makes firms open vacancies, because low
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Figure 4: Bifurcation diagram of the Bogdanov-Takens bifurcation, with a and f as
bifurcation parameters.

Notes: Other parameters from Table 3, first column. The gray curve corresponds to the saddle-node
bifurcation, the bold curve to the saddle-loop bifurcation, and the dashed curve to the Hopf bifurcation.
Regions (a), (b), and (d) refer to the panels of Figure 3, reprinted for convenience, and (d) extends beyond
efficient bargaining at f = 0.9 (dotted curve). BT refers to the Bogdanov-Takens-point, and there are no

steady states with economic activity in region (0). The homoclinic orbit hits the u-axis for @ = 0.73.

unemployment implies a high revenue per match. This expectation is self-fulfilling
because more vacancies now result in lower future unemployment.

However, rational expectations Beveridge cycles do not only require positive
feedback and a propagation mechanism, but also a congestion externality. Howitt
and McAfee (1988) argue that in models with only a positive externality, because
of positive discounting antisaddles are unstable and no cycles exist. However, they
show that a negative externality can overturn this effect. This negative externality is
a standard ingredient in search models of the labor market, where matching is less
likely for a potential trader when many other potential traders search on the same
side of the market. The congestion externality makes firms with expectations of low

unemployment open vacancies immediately, not only because revenue per match will
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be higher in the future and matching takes time, but also because hiring will be more
costly in the future. Proposition 2.2 shows that when 8 = 1—n, thick-market externalities
on one side of the market exactly cancel congestion externalities on the other side of
the market. It follows from Propositions 2.5 and 2.6 that Beveridge cycles exist for a
range of value for workers’ bargaining power that satisfy f < 1 —n. This condition is
required because free entry of firms drives the evolution of market tightness, and if
pB < 1-n, congestion occurs primarily on the firms’ side of the market. Besides, variable
search intensity is not essential for the existence of the cycle, but is only helpful for the
calibration.

It follows from Proposition 2.4 that oscillations enclose a steady state where the
unemployment nullcline crosses the tightness nullcline from above. At this antisaddle,
the strategic complementarity from the demand externality dominates the strategic
substitute from the congestion externality: when firms increase their vacancies, this
results in such a large decrease in unemployment in the future, that revenue per match
will increase so much that firms would want to open even more vacancies. As a result,
firms overshoot the steady state level of tightness of the antisaddle for the alluringly
high revenue per match at high aggregate employment levels. However, with so many
vacancies, unemployment decreases fast and it starts to take a long time to fill an
individual vacancy. Consequently, while unemployment still decreases but firms foresee
an end to the boom, they do not want to spend valuable resources on vacancies that
are hard to fill. Expecting higher unemployment in the future and thus smaller benefits
of a filled vacancy, firms reduce labor market tightness. As a result, at some point
fewer matches are made than jobs are destroyed, and unemployment increases. Higher
unemployment feeds back to lower revenue per match, so that firms also overshoot the
steady state level of tightness in the trough. With so few vacancies, however, a single
vacancy is filled very fast. So while unemployment still increases but firms foresee an
end to the trough, they are willing to spend some resources on vacancies that will be
filled very soon and pay off at the higher employment levels of the future. Job matching
takes over from job destruction again and unemployment decreases, completing the
cycle.

The relative size of the discount rate r and the distortion of the Hosios condition,
B < 1-n, determines whether oscillations diverge, converge, or form a closed orbit.
The asset pricing equation of the system, (2.13), shows that for a high r and given flow

values, equilibrium requires large capital gains or losses, i.e. fast movements in market
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tightness. For that reason, for a higher r and a given 7, stability of the antisaddle requires
a smaller 8, or more congestion. Alternatively, for a given r the oscillations converge
for a small 8, form closed orbits for an intermediate 8, and diverge for a large §, as
in Figure 3. Remember that for a given r, the cycle is largest for fs;. Otherwise, fix
B € (Bropf, Psr) and compare Beveridge cycles for different discount rates. The cycle is
small for a small discount rate because when firms are patient, they heavily respond to
expected future changes in the revenue per match. A limit cycle is then only consistent
with equilibrium if revenue per match does not vary too much over the cycle, thus if the
cycle is small.

As the result of self-fulfilling expectations, the model features multiple equilibria,
which results in the problem of equilibrium selection. Because of the evidence on
the cyclical dynamics as presented in Panel 1a of Figure 1, I take the dynamics of the
Beveridge cycle to be the relevant dynamics to explain the actual data. The stability of
the limit cycle further supports its plausibility as a data-generating process, although
its basin of attraction may be small. Figure 4 shows that the set of §’s that give rise to a
Beveridge cycle has a positive but small measure, so that the proposed data-generating
process is not very robust to changes in . On the other hand, for virtually all § < Sropf
the dynamics oscillate but eventually settle down in the antisaddle, as in Panel 3a of
Figure 3. Especially if § is smaller than but close to S, it may take a very long
time to reach the steady state, so that many business cycles could be explained with
one exogenous shock in fundamentals or beliefs. Kaplan and Menzio (2016) provide
an example of the latter. I focus on the limit cycle and therefore I do not exploit
the additional degrees of freedom that exogenous shocks provide. Instead, I use the
fixed period of the limit cycle to calibrate the model. The next section presents the

quantitative contribution of this paper.

Quantitative results

In this section I calibrate the model to the average duration of the business cycle
and assess its quantitative performance in describing unemployment and vacancies
over the business cycle. I compare the model-generated data to the actual data and
to data generated by the canonical search and matching model of Pissarides (1985)
with productivity shocks. Because the latter features constant search intensity, I also

calibrate a model of the Beveridge cycle without variable search intensity. Next, I discuss
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robustness to alternative calibrations, including alternative targets for the duration of
the business cycle. Finally, I show that the model-generated data move in the expected

direction upon changes in unemployment benefits.

2.5.1 Calibration

I calibrate the parameters of the model using data on the duration of the business cycle.
Depending on its measurement, the typical cycle in Panel 1a of Figure 1 lasts between
18 and 28 quarters. Because productivity in the model moves with employment, the
duration of the NBER business cycle provides an alternative calibration target that
avoids some arbitrary choices. Figure 5 shows the duration of the NBER business cycles
falling entirely in the sample period from 1951 to 2014. Irrespective of whether the cycle
is measured from peak to peak or from trough to trough, the average cycle lasts roughly

24 quarters.
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Figure 5: Duration in quarters of all completed NBER business cycles between 1951 and
2014.

Source: http://www.nber.org/cycles.html

The parameters that describe workers’ preferences are discount rate r, gross value of
leisure z, and the elasticity of the search cost function y. Firms’ technology is described
by the elasticity of revenue per match with respect to aggregate employment «, the
vacancy creation cost k, and the job destruction rate 6. Matching and bargaining are
described by the elasticity of the matching function with respect to vacancies n, and

workers’ bargaining power .
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The bifurcation analysis of the preceding section makes clear that f is important for
the existence of the Beveridge cycle. I choose the § that is closest to efficient bargaining
but still gives rise to a limit cycle with a computationally significant basin of attraction
outside its path. This limit cycle is close to the homoclinic orbit, the largest closed
orbit possible taking the other parameters as given.!® By moving 8 further away from
efficient bargaining in the direction of the Hopf bifurcation, the limit cycle can be made
arbitrarily small, but then the Beveridge cycle can explain little volatility. My calibration
strategy therefore approaches an upper bound to deterministic volatility.

I choose a period in the model to be one quarter. Given S, I set a such that the
duration of the Beveridge cycle corresponds to the average duration of the NBER
business cycle over the sample period. The value of r corresponds to an annual interest
rate of 4 percent. I choose the value for 6 to equal the observed average quarterly job
destruction rate, and the value for k so that the average unemployment rate is the same
in the model and in the data.

In the model, the elasticity € of the job finding rate with respect to the vacancy-to-
unemployment ratio is € =+ (1 —n)/y. Therefore I choose n and y such that their
combination results in an estimated elasticity of 0.46. To distinguish the role of variable
search intensity from the role of the matching function, I exploit that (by definition)
non-participants do not search for jobs but still find jobs at cyclical rates. Assuming that
non-participants and unemployed workers find jobs via the same matching function,
and that the higher job finding rate of the unemployed is the result of their search
effort, allows me to disentangle n and y. I use a matching function with ranking
(similar to Blanchard and Diamond (1994)) to ensure that non-participants do not
create congestion for unemployed workers, as in the model. Appendix 2.7.A describes
this procedure and the data used in more detail.

I choose z such that I match an average flow value of leisure of 0.71 as in Hall and
Milgrom (2008). In my model, however, the flow benefit of leisure consists of a gross
value of leisure z and variable search costs sz. On top of that, while average productivity
is commonly normalized to 1, productivity in my model never reaches 1. For that reason,
the relevant calibration target of my model is not z, but the net value of leisure relative

to output:
= z—s*(0)7
S A-u)®

1545 pointed out in section 2.4, the period of the homoclinic orbit approaches infinity, but because it
has no basin of attraction outside itself, sampling from this cycle is computationally unstable.
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I calibrate the parameters of the Pissarides (1985) model using the same targets. I
use the same f as for the Beveridge cycle, because in the standard model it is unrelated
to the size of the cycle. However, I choose the parameters of the stochastic process
for productivity such that the standard deviation and autocorrelation of revenue per
match are the same for the Beveridge cycle and the Pissarides (1985) model. Following
the RBC literature’s convention for stochastic processes, I match the statistics in logs
as deviations from a linear trend.!® I repeat this procedure to match the targets of the
Beveridge cycle without variable search intensity.

The calibration strategy described above results in the parameters of Table 2. All
calibrations of the Beveridge cycle result in two steady states with economic activity.
My calibration procedure to disentangle y and 7 results in an estimated y of 2.5, which
is a bit higher than the quadratic cost function that the literature (e.g. Gomme and
Lkhagvasuren (2015)) generally assumes.!” The target for £ then implies ) = 0.1, so that
the Hosios condition corresponds to = 0.9. In both the Pissarides (1985) model and
the model of the Beveridge cycle without variable search intensity, n = €. When on top
of that average revenue per match is equal to one, as in the Pissarides (1985) model,
z=C.

To match the average unemployment rate over the cycle, my benchmark calibration
results in a demand externality of 6.9. This value is considerably higher than Kaplan and
Menzio (2016)’s estimate of shopping and demand externalities that implies @ = 1.15,
and lies completely out of the range of estimates of increasing returns to scale, which
provide an upper bound of @ = 0.17 (Harrison, 2001). As can be seen in the last column
of Table 2, this problem only deteriorates for a fixed search intensity. The following
two alternative calibration strategies show that either a high value of leisure, or a high
elasticity of the job finding rate with respect to tightness, result in demand externalities
that are of the same order of magnitude as Kaplan and Menzio (2016).

The estimation of the elasticity of the job finding rate € is very sensitive to the choices
made and the data selected. As a result, in the literature it takes almost any value
between zero and one, see Petrongolo and Pissarides (2001). Because the quantitative
results are also sensitive to ¢, I consider an alternative calibration, exploiting that from

December 2000 onwards the JOLTS provides an alternative source of the job finding

16An HP-filter with a lower smoothing parameter biases autocorrelation coefficients to such an extent
that an Ornstein-Uhlenbeck process cannot match the filtered autocorrelation of the Beveridge cycle.

17Note, however, that y = 2 is not compatible with a positive elasticity of the matching function for an
estimated elasticity € < 0.5.
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Beveridge cycle PissaridesI y— oo Pissarides II
r 0.012 0.012 0.012 0.012
z 0.527 0.71 0.345 0.71
Y 2.5 - - -
a 6.887 - 11.05 -
k 2.079x10°% 1.155% 1072 4.561% 1072 7.974% 1072
6 0.1 0.1 0.1 0.1
n 0.1 0.46 0.46 0.46
B 0.893 0.893 0.536 0.536

Table 2: Calibrated parameters for the benchmark calibration, the Pissarides (1985)
model (Pissarides I), the Beveridge cycle without variable search intensity (y — o00),
and the Pissarides (1985) model that uses the same targets as the the Beveridge cycle
without variable search intensity (Pissarides II)

Notes: For Pissarides I, the Ornstein-Uhlenbeck volatility parameter is o = 0.02139, and its persistence

parameter is y = 0.032. For Pissarides II, o = 0.0546 and y = 0.0459.

probability. Regressing the log of this job finding probability on the log of labor market
tightness for the relevant sample period results in € = 0.84. To disentangle y and 7, I set
Y = 1.29 as estimated by Burdett et al. (1984).

Similarly, the literature disagrees on the flow value of leisure. For that reason, I
also consider Hagedorn and Manovskii (2008)’s target of 0.955 for the average { over
the cycle. Finally, for the benchmark calibration targets of € = 0.46 and { = 0.71, I also
calibrate the duration of the Beveridge cycle to a lower and upper bound of 18 and 28
quarters, respectively, as suggested by the evidence in Panel 1a of Figure 1.

The parameters resulting from these alternative calibrations are presented in Table
3. Remember that the estimate of Kaplan and Menzio (2016) corresponds to a = 1.15, so
that for { = 0.955 the calibrated demand externalities are smaller than theirs. Of course,
in this case the calibrated value for z is relatively high. For € = 0.84, a is somewhat
above the estimate of Kaplan and Menzio (2016), but in the same order of magnitude.
Besides, the calibration strategy with y = 1.29 results in 7 = 0.3, which is more common
in the literature without variable search intensity. Finally, a Beveridge cycle of shorter
duration requires demand externalities that are slightly higher than the benchmark

parameter value, while a longer duration is obtained for a smaller a.
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¢ =0.955 £=0.84 18 quarters 28 quarters
r 0.012 0.012 0.012 0.012
z 0.909 0.839 0.490 0.538
y 25 1.29 2.5 2.5
a 1.064 1.342 7.500 6.706
k 1.936%10711 1.226%1073 2.943%x107% 1.862%1078
5 0.1 0.1 0.1 0.1
n 0.1 0.3 0.1 0.1
B 0.893 0.695 0.893 0.893

Table 3: Calibrated parameters for four alternative targets.

Notes: € = 0.45 and ¢ = 0.71 unless specified otherwise.

A high value of leisure and a high elasticity of the job finding rate reduce the
calibrated value for a, because both decrease the unemployment rate, or increase
the job finding rate, in the antisaddle. Consequently, smaller demand externalities are
required to target an average unemployment rate of 0.587. A higher elasticity and more
variable search intensity change the unemployment nullcline so that the same market
tightness results in lower unemployment. A higher value of leisure shifts the tightness
nullcline to the left, because for a high ¢, the surplus of a match is lower and firms open

fewer vacancies. The next subsection presents the model-generated data.

2.5.2 Performance

In this subsection I present the data generated by the Beveridge cycle, and compare it
to the actual data, the data generated by the calibrated Pissarides (1985) model, and the
data that result from a Beveridge cycle without variable search intensity. To assess the
quantitative performance of the Beveridge cycle, I sample 256 (quarterly) observations
from the calibrated Beveridge cycle, and compute time series for unemployment,
vacancies, the ratio of vacancies to unemployment, the job finding rate f; = s* (6;) 9?,
and revenue per match y; = (1 — u;)“. More specifically, for each variable I draw time
series for each of the 24 different starting points around the cycle, and report the average
statistics. As for the original data, I take logs and deviations from an HP trend with
smoothing parameter 10°. Table 4 presents the standard deviation, autocorrelation and

cross-correlations of the variables of the model.
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u v viu f ¥
Standard deviation 0.043 0.060 0.101 0.047 0.019
Quarterly autocorr. 0.942 0.934 0.939 0.939 0.940
u 1 -0.938 -0.979 -0.979 -1.000
v 1 0.989 0.989 0.938
Correlation matrix v/u 1 1.000 0.979
h 1 0.979
¥y 1

Table 4: Summary statistics of the Beveridge cycle calibrated to { = 0.71 and € = 0.45.
Notes: f stands for the job finding rate, y for revenue per match. Statistics are averages from 24 samples
of 256 quarters across the cycle. All variables are in logs as deviations from an HP trend with smoothing

parameter 10°.

Comparing the model-generated data to the actual data in Table 1, some features
stand out. First, the endogenous fluctuations in revenue per match almost account
for the full observed volatility of productivity. However, in logs as deviations from a
linear trend the standard deviation of revenue per match is also only 0.019, compared to
0.041 in the data, so that the demand externality amounts to less than half of the
fluctuations in productivity. The HP-filtered time series for revenue per match is
somewhat more persistent than in the data, but in logs as deviations from a linear
trend the autocorrelation coefficient is also only 0.940, compared to 0.976 in the data.
These differences can be understood from the fact that the Beveridge cycle features only
fluctuations in the business cycle frequency domain. Besides, by construction, revenue
per match is much more negatively correlated with unemployment than observed
productivity.

Second, the Beveridge cycle explains about 22 per cent of the observed volatility in
unemployment, and more than one-third of the observed volatility in vacancies. Due
to the strong negative correlation between vacancies and unemployment, both in the
model and in the data, the standard deviation of the ratio of vacancies to unemployment
is about the same as the sum of the standard deviations of vacancies and unemployment,
both in the model and in the data. As a result, the model-generated standard deviation of
the ratio of vacancies to unemployment and the job finding rate also fall short compared
to the data.
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Third, the autocorrelation of unemployment, vacancies, the ratio of vacancies to
unemployment, and the job finding rate are about the same in the model and in the
data. It is important to note that this persistence is an endogenous result of calibrating
the Beveridge cycle to the duration of the average business cycle, and is not generated
by feeding in a persistent stochastic process. The existence of a saddlepoint in the
neighborhood of the Beveridge cycle slows down the dynamics and therefore allows the
cycle to be calibrated to the duration of the business cycle. To assess to what extent the
persistence of the labor market variables is driven by the Beveridge cycle rather than
simply the persistence of the fluctuations in revenue per match, it is useful to compare
the model-generated data of the Beveridge cycle and the Pissarides (1985) model.

Table 5 reports the summary statistics of the Pissarides (1985) model, using the code
from Shimer (2005) but the parameters from Table 2, second column. In particular, the
standard deviation and autocorrelation of revenue per match in logs as deviations from
alinear trend are the same as for the Beveridge cycle. Note that the autocorrelation of
unemployment approaches that of the Beveridge cycle and the observed data, but that
vacancies, and to a smaller extent the ratio of vacancies to unemployment and the job
finding rate, are not as persistent. Similarly, the standard deviation of unemployment
lags behind that of the Beveridge cycle, in absolute terms, but also relative to filtered
productivity. The ratios of the standard deviations across the labor market variables are
the same for the Beveridge cycle and the Pissarides (1985) model, resulting in a similar
slope of the Beveridge curve. Finally, in both models the cross-correlations are generally
higher than in the data.

The differences between the Beveridge cycle and the Pissarides (1985) model can
also be seen graphically in Figure 6. Panel 6a contains 25 simulated quarterly observa-
tions that complete a Beveridge cycle, HP-filtered and connected by straight lines. The
shape of the Beveridge cycle is similar to the observed cycles in Panel 1a of Figure 1,
and it rotates counterclockwise. Panel 6b of Figure 6 plots a representative realization
of 256 quarters of the Pissarides (1985) model. The model-generated Beveridge curve is
somewhat less volatile than the Beveridge cycle, but, most importantly, lacks cyclical
dynamics. Although there are some swings parallel to the inverse relationship between
vacancies and unemployment, most of the dynamics is almost vertical.

Figure 6 also shows that the Beveridge curve generated by both the Beveridge cycle
and the Pissarides (1985) model is too steep compared to the data. It is important to

note, however, that both the Beveridge cycle and the Pissarides (1985) model feature a
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u v viu f ¥
Standard deviation 0.018 0.027 0.044 0.02 0.013
Quarterly autocorr. 0.931 0.781 0.873 0.873 0.873
u 1 -0.900 -0.963 -0.963 -0.962
v 1 0.984 0.984 0.983
Correlation matrix v/u 1 1.000 0.999
f 1 0.999
¥y 1

Table 5: Summary statistics of the Pissarides (1985) model calibrated to the same targets
as the Beveridge cycle.

Notes: Code from Shimer (2005), where the Ornstein-Uhlenbeck volatility parameter is 0 = 0.02139 and
its persistence parameter is y = 0.032, to target the standard deviation and autocorrelation of productivity
in logs as deviations from a linear trend of the 24 quarter Beveridge cycle. All variables are in logs as
deviations from an HP trend with smoothing parameter 10°. The table reports averages across 10000

simulations.

constant job destruction rate and no transitions into employment from employment
or non-participation. It is well known that job destruction shocks can flatten out the
Beveridge curve, but only at the cost of a counterfactually low correlation between
vacancies and unemployment. Other mechanisms can also increase the volatility
of unemployment relative to the volatility of vacancies. It follows from Elsby et al.
(2015) that the participation margin contributes to unemployment volatility and thus
reduces the slope of the Beveridge curve. Menzio and Shi (2011) show that on-the-job
search affects firms’ incentives to post vacancies and can sharply reduce the volatility of
vacancies over the cycle. However, Eeckhout and Lindenlaub (2015) show that in the
presence of sorting, on-the-job search can also contribute to the volatility of vacancies
and even result in self-fulfilling fluctuations.

Both the absence of fluctuations in job destruction, and the absence of transitions
into employment from employment or non-participation in the model of the Beveridge
cycle imply that the model-generated data should not exactly match the observed
volatility of both unemployment and vacancies. For instance, Pissarides (2009) argues
that in reality one-third to one-half of the volatility in unemployment is driven by

fluctuations in the inflow into unemployment rather than the outflow. As a result, a
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Figure 6: Simulated dynamics of unemployment and vacancies for (a) the Beveridge
cycle, and (b) the Pissarides model.

Notes: Panel a plots 25 quarterly datapoints from the calibrated Beveridge cycle. Panel b plots one
simulation of 256 quarters based on code from Shimer (2005), calibrated to the same targets as the
Beveridge cycle. Simulated data are in logs as deviations from an HP trend with smoothing parameter

10°, connected by straight lines.

model with constant job destruction should explain at most two-thirds of the volatility
in unemployment.

Summing up, vacancies are more persistent over the Beveridge cycle than in the
Pissarides (1985) model, without being less volatile. In fact, both unemployment and
vacancies are somewhat more volatile over the Beveridge cycle than in the Pissarides
(1985) model, also relative to HP-filtered productivity. To investigate the source of
additional volatility, I also compare the data generated by the Pissarides (1985) model
with data generated by the Beveridge cycle without variable search intensity. Table 6
presents the standard deviations and autocorrelations from the Beveridge cycle without
variable search intensity, and the Pissarides (1985) model calibrated to the same targets.
The former features counterfactually large fluctuations in revenue per match as the
result of the large demand externalities. However, the table shows that relative to the
HP-filtered volatility of revenue per match, the volatility of the labor market variables is

about the same for the Pissarides (1985) model and the Beveridge cycle without variable
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search intensity. As a result, the Beveridge cycle does not feature any new amplification
mechanisms. Variable search intensity contributes to amplification because it makes
the net flow value of leisure countercyclical and because search and recruiting activity

are strategic complements.

u v viu f y

Standard deviation 0.061 0.087 0.145 0.067 0.044
Bev. cycle, y — oo
Quarterly autocorr.  0.931 0.918 0.926 0.926 0.927

Standard deviation 0.045 0.066 0.109 0.05  0.031
Quarterly autocorr.  0.926 0.763 0.864 0.864 0.863

Pissarides II

Table 6: Summary statistics of the Beveridge cycle without variable search intensity
(y — o0), and the Pissarides (1985) model recalibrated to feature the same f and the
same standard deviation and autocorrelation of revenue per worker in logs as deviations

from a linear trend (Pissarides II).

Regarding persistence, in both the Pissarides (1985) model and the Beveridge cycle
(with or without variable search intensity), the autocorrelation of labor market tightness
and the job finding rate is about the same as the autocorrelation of the (HP-filtered)
revenue per match. As a result, the higher persistence of these variables may be
attributed to the higher persistence of revenue per match after filtration. However,
in the Pissarides (1985) model the autocorrelation of vacancies is substantially smaller
than that of labor market tightness and the job finding rate, unlike the Beveridge
cycle. The feature of the Beveridge cycle that vacancies are almost as persistent as
unemployment (and the other variables) is exactly what results in the counterclockwise
cycles in unemployment and vacancies. The next subsection shows that this feature is

robust to alternative targets for the duration of the cycle.

2.5.3 Robustness

This subsection presents the model-generated data resulting from the four alternative
calibration strategies. Table 7 presents the standard deviation and autocorrelations of
the data generated by the Beveridge cycle calibrated to 18 and 28 quarters. Not sur-

prisingly, the 18-quarter Beveridge cycle results in a smaller autocorrelation coefficient
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than the 24-quarter cycle, and larger demand elasticities result in a smaller standard
deviation. Equivalently, the 28-quarter Beveridge cycle features smaller volatility but
more persistence. Note, however, that the relative persistence of vacancies compared
to the other variables survives under alternative targets for the duration of the cycle,

although it is higher for longer cycles.

u v viu f y

Standard deviation 0.095 0.143 0.231 0.106  0.047

18 quarters
Quarterly autocorr.  0.888 0.855 0.875 0.875 0.879

Standard deviation  0.027 0.037 0.063 0.029 0.011

28 quarters
Quarterly autocorr.  0.960 0.957 0.959 0.959  0.960

Table 7: Summary statistics of the Beveridge cycle calibrated to 18 and 28 quarters,

respectively.

The calibration results in Table 3 have shown that either a high value of leisure,
or a high elasticity of the job finding rate with respect to tightness, result in demand
externalities that are of the same order of magnitude as Kaplan and Menzio (2016).
The summary statistics of Table 8 show the familiar result that both also contribute to
amplification. Although smaller demand externalities result in only a fraction of the
volatility in revenue per match, the volatility of unemployment falls to a much smaller
extent. The standard deviation of unemployment is about the same in the benchmark
calibration and the calibration with € = 0.84, and still more than three-quarters of
the benchmark result in the calibration with { = 0.955. Moreover, the persistence of
vacancies does not suffer from additional amplification. Note, however, that a high
elasticity of the job finding rate with respect to tightness results in a low volatility of
vacancies compared to unemployment.

As discussed above, a high value of leisure reduces the required externalities because
it lowers the steady state L unemployment rate. Although such comparative statics
might seem counterintuitive, I show that the dynamics of the Beveridge cycle move
in the opposite ‘intuitive’ direction. Increasing the value of leisure to z = 0.5277 while
keeping all other parameters fixed, steady state unemployment decreases from 0.062 to
0.060. This is the comparative statics effect described above. However, I claim that the

dynamical system of the Beveridge cycle is the data-generating process. Sampling from
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u v viu f y

Standard deviation 0.033 0.046 0.079 0.036 0.002

¢ =0.955; £ =0.45
Quarterly autocorr.  0.946 0.940 0.944 0.944 0.945

Standard deviation 0.042 0.015 0.054 0.045 0.004

(=0.71;=0.84
Quarterly autocorr.  0.952 0.934 0.951 0.951 0.951

Table 8: Summary statistics of the Beveridge cycle calibrated to { = 0.955 and € = 0.45,
and ¢ =0.71 and € = 0.84, respectively.

the slightly displaced Beveridge cycle, the average unemployment rate over the cycle
increases from 0.059 to 0.060. Consequently, my model predicts a positive effect of the
unemployment benefit on observed unemployment, as most economists would expect.

This argument does not rely on adjustment dynamics, but compares datapoints
on two different Beveridge cycles. Figure 7 shows a time series of unemployment over
256 quarters, connected by straight lines, resulting from the Beveridge cycle with the
calibrated value of leisure. As can be seen in this figure, the calibrated cycle spends most
of its time on segments of the cycle with low unemployment rates. A Beveridge cycle
for a higher value of leisure spends its time more evenly over the cycle. This nonlinear
effect dominates the displacement of steady state L and its enclosing Beveridge cycle.
As a result, a Beveridge cycle with a high value of leisure produces a lower average
unemployment rate than a cycle with a high value of leisure, even though steady state L
moves in the opposite direction.

Finally, the time series in Figure 7 is very regular, much more so than actual
data. However, exogenous shocks in fundamentals or beliefs can cause variations
in amplitude and period of the cycle, without altering its driving mechanism. Beaudry
et al. (2015) show that adding exogenous shocks on top of a deterministic cycle can
reproduce the spectrum of business cycle fluctuations in output and employment.
Whether the persistence of vacancies survives such additional shocks is a question for

future research.

Conclusion

Mortensen (1999) presents a parsimonious model to show that multiple Pareto-ranked

cycles and steady states can coexist, and that different expectations can be self-fulfilling
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Figure 7: Simulated time series of unemployment.

Notes: 256 quarterly datapoints from the calibrated Beveridge cycle, connected by straight lines.

and result in each of these equilibria. By presenting a Bogdanov-Takens bifurcation, I
show that a stable limit cycle - the Beveridge cycle - exists for a range of values for the
workers’ bargaining power enclosed by a Hopf and a saddle-loop bifurcation. I calibrate
this Beveridge cycle to the average duration of the business cycle. The calibrated cycle
looks qualitatively similar to the observed counterclockwise cycles in the unemployment,
vacancy rate-plane. In addition, it can account for the persistence of unemployment and
vacancies for plausible parameter values, but suffers from the same lack of amplification
as the Pissarides (1985) model. However, volatility can be generated endogenously by
the interplay of demand and congestion externalities.

A limitation of this study is that the range of parameter values that results in a
limit cycle is small. Although my calibration focuses on this purely deterministic
Beveridge cycle, for a much bigger set of parameter values a single shock can result
in counterclockwise fluctuations that are able to explain many business cycles but
eventually settle down into a steady state. Separation rate and productivity shocks
provide a natural complement to the endogenous mechanism of this paper. On top of
that, the indeterminacy of equilibrium allows for belief shocks, which directly result
in another level of labor market tightness by the opening or closing of vacancies by
firms. However, while additional exogenous shocks can result in more irregular time
series than those generated by my calibration, they also provide additional degrees of

freedom.
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Appendix

2.7.A Data and calibration

I follow Shimer (2005) in the construction of the monthly job finding probability F; and

job destruction probability A;. In particular,

s
Urr1— U

Fr=1- el

Uy
s
_ . Wiy

Ap=—"17v
(43 (1 —th)

where u*° denotes the short-term unemployment rate and e denotes the employment
rate. Following Elsby et al. (2009), I inflate the short-term unemployment rate by
1.16 from January 1994 onwards to correct for changes in the way the CPS measures
unemployment duration. These probabilities are subsequently transformed in job

finding and job destruction rates according to

fi=-log(1-Fy),
6r=-log(1-Ay),

respectively. I add three monthly rates to obtain the quarterly rate. Regressing the
HP-filtered job finding rate on the HP-filtered vacancy-to-unemployment ratio results
in an estimate of 0.46.

In my model, the elasticity of the job finding rate with respect to the vacancy-to-
unemployment ratio is n+ (1 —n)/y. I exploit the cyclicality in the job finding rate of non-
participants (that by definition do not search) to isolate the elasticity of the matching
function. I assume that non-participants and unemployed workers find jobs according
to a matching function with the same parameters, but that the unemployed have a
superior ranking. In particular, denoting the number of non-participants, unemployed
workers and vacancies by N, U and V, respectively, the total number of matches in
any period is given by V(N + sU)! ™. Consistent with the model, the number of
unemployed workers finding a job is given by uo V" (sU)!~", which is not affected by the
number of non-participants. Consequently, the number of non-participants finding
ajob is given by o V(N + sU) " — o VI(sU) ™1 = po V1 (N + sU) 71— (sU)! 7). Note
that unless 1 = 0, unemployed workers do create congestion for non-participants. This

variant of Blanchard and Diamond (1994), similar in spirit to Blanchard and Diamond



2.7. Appendix ‘ 45

(1989, p. 32), can be justified by the search effort of the unemployed that allows them to
form all potential matches before non-participants arrive.

I take data on the job finding rate of non-participants from Elsby et al. (2015), using
their classification error adjusted (“deNUNified”) and time-aggregation adjusted hazard
rates. These hazard rates are based on monthly gross worker flows, which the BLS
provides from February 1990 onwards. The data from June 1967 and December 1975
were tabulated by Joe Ritter and made available by Hoyt Bleakley. This leaves a gap of
fifteen years. This data was constructed by Robert Shimer. For additional details, please
see Shimer (2012). Extending the series of Elsby et al. (2015) with recent data from the
BLS, I have monthly job finding rates from 1967 to 2014.

A first-stage regression of the job finding rate of the unemployed from these same
sources on the vacancy-to-unemployment ratio results in an elasticity of 0.45, virtually
the same elasticity as for job-finding rate based on short-term unemployment available
for 1951-2014. In my nonlinear second-stage regression of the job finding rate of non-
participants I therefore impose that n+ (1 —n)/y = 0.45. Moreover, I impose that the
scale parameter of the matching function is the same, so that any differences in the level
of the job finding rate of the unemployed from that of non-participants results from
the search intensity and the superior ranking of the unemployed. Using the matching

function with ranking above and the expression for optimal search intensity in (2.8), the
logarithm of the job finding rate of non-participants is given by

P

where p is the estimated constant in the first-stage regression of the job finding rate of

1-n

n e 1/y
U— c+nlog(V) —log(N) +log U( U) +N

the unemployed on the vacancy-to-unemployment ratio, and where c is a constant of
the second-stage regression that takes out the difference in the level of the job finding
rates of the unemployed and non-participants that results from the search intensity
of the former. Minimizing the sum of squared residuals under the restriction that
n+ (1-n)/y =0.45, results in n = 0.0975 and y = 2.537. Rounding off at one decimal
results in a combination of n and y that is consistent with the estimated elasticity
for the job-finding rate based on short-term unemployment available for 1951-2014:
0.1+(1-0.1)/2.5=0.46.
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2.7.B Proofs

Proof of Proposition 2.2
Social welfare is given by
/ e " [(L-u)y+uz—s)—kOsu,)dt. (2.19)
0

The social planner maximizes this function by choosing both the socially efficient
level of labor market tightness and search intensity, subject to the law of motion of
unemployment given in (2.9). First-order conditions for the optimal 6; and s;, where p;

denotes the co-state variable for the constraint on the dynamics of u;, are

—e " y—z+sl + k05| +u [5+507] - pir =0, (2.20)
—e "ks,u+ ,utstutne?_l =0, (2.21)
—e ! [ysz_lut + k@tut] +pu 87 =0. (2.22)

Both (2.21) and (2.22) can be rewritten to yield y;, so that
e‘”@tk _ e‘”k@t
noy no;
et [ys’t/_l + kHt]
- . (2.24)
0}

The efficient search intensity s; is therefore given by

Ly = (2.23)

1-n y-1
N kO,=vys, .
Comparing this expression with the privately chosen intensity in (2.8), search intensity

is efficient if and only if § = 1 —n, the Hosios condition.

The expression for y; in (2.23) can be used to derive
. _ o7 )
e "k, —re k0, € 'kOM GO e rik[(1-n)f, - r6,]
no] %67 no? '
Substituting (2.23) and (2.25) into (2.20) and rearranging, yields
(1-mkb,—rko, kO, [6+ 507

[y = (2.25)

—[y—z+s' +k0;s],

no; 06}
(1-mkO; kO,[5+r] 1-7
< 9? t_ fe? -n y—Z+SZ—Tk6tSt )
. 0; 776? [ y 1-17 ]
0, = S+r1] - = ———kB,s; .
< 0, 1—77[ + 7] A=k y—z+ts; n St



2.7. Appendix ‘ 47

Comparing this expression with the privately chosen tightness in (2.13), taking into

account the definition of g (0,) in (2.6), labor market tightness is efficient if and only if
B=1-n.

Proof of Proposition 2.3

Proof. The second derivative with respect to 6; of the tightness nullcline in (2.15) is

Pu; 1 [ +o)ke, T kBs @) r+&k(-mn
=——|——+g0)+ -
do?  a| (1-p)e! 8l +z y-DA-po;  a-poTe,
é—Z * 2
_l—a (r+6)k9t+g(0t)+z (r+6)k(1—n)+kﬁs ;)
a | a-pe7 (1-pB)6 1-p)

One can see that for a < 1, the tightness nullcline is concave at least on the segment of
the nullcline for which
s*(00)0] > (r+8)(1—mnly -1).

Define ¢ as the job finding rate equal to (r +8)(1 —m)n(y — 1), and y =+ (y — 1)~ 1. Now
note that the unemployment nullcline is convex or has the shape of a negative logistic

function. In particular, differentiate (2.14) twice with respect to 8, to obtain

1
1 ,x-2
Ht

d’u; 3 ox (%%)

1
5(1-x)+(1+x)(Z5E) 9?]
ae: '

1 3
o+ (i5f) "ol

For y < 1 the second derivative is positive for all 8; > 0, so that the unemployment
nullcline is convex. For y > 1, the second derivative can be positive or negative,
depending on 0,. More specifically, for y > 1 there exists a unique inflection point

at the positive labor market tightness given by

==

6(x-1)

wen ()

0" =

Consequently, for y > 1 the unemployment nullcline is concave for 0 < §; < 8*, and
convex for all 6; > 8%, so that as a whole it has the shape of a negative logistic function.
Given that the unemployment nullcline is convex or negative logistic, if any steady

state with economic activity exists, generically exactly two steady states with economic
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activity exist if the tightness nullcline lies below the unemployment nullcline for any
potential non-concave segment of the former. In that case, the concave segment of
the tightness nullcline intersects at most twice with the unemployment nullcline. A
sufficient condition for any non-concave segment of the tightness nullcline to lie below
the unemployment nullcline is the maximum unemployment rate giving rise to any
vacancy creation (ug-¢ as given by (2.16)) to be lower than the unemployment rate
consistent with the job finding rate . Consequently, assuming the existence of a steady

state in the positive quadrant, for a < 1 generically exactly two steady states exist if

Proof of Proposition 2.6

This proof and the next can be more concisely written after a change in coordinates
from labor market tightness 0, to match surplus p;. To point out the similarities with
Mortensen (1999), I also change u; to n;. Lemma 2.8 then first shows equivalence
between Mortensen’s system in p; and n; and the one presented here. It is proven by the
recognition that there is a smooth one-to-one correspondence between employment
and unemployment, and surplus and tightness respectively. Following the definition of
Kuznetsov (2004, p. 42), two smooth systems X = u(x), x€ R” and y =v(y), ye R" are
not only topologically equivalent, but also smoothly equivalent if (1) an invertible map
f:R"™ — R" exists such that y = f(x), if (2) this map is smooth together with its inverse,
andif (3) f can be used to change coordinates such that holds that u(x) = M~ (x)v(f (x)),
where M (x) = d f(x)/dx is the Jacobian matrix of f(x) at x. As aresult, f is not only a

homeomorphism, but also a diffeomorphism.

Lemma 2.8. The dynamical system in unemployment u; and labor market tightness 0,
and Mortensen (1999)’s dynamical system in employment n; and surplus p; for 3 (0;) =
and a positive value of leisure z are smoothly equivalent for all equilibria with economic

activity.
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Proof. My dynamical system in u; and 0; is for all equilibria with economic activity

given by the two smooth differential equations in (2.13) and (2.9), for convenience

reprinted below
0, = (r+5)i+(1—,3) 9? [ (6)+z—(1—u)“]
t 1_,',’ k‘(l—?’]) gy t ’
iy = O0(1—u)—s"(0y) utg?»

with u; € [0,1] and 6; > 0. The dynamical system of Mortensen (1999) extended with z
follows from (2.7) and the definition of the labor force. For all interior equilibria, it is

given by the following two smooth differential equations

Pr (r+6)p:+8g(p)+z-ny, (2.26)

e = h(p:)A—n)-dny (2.27)

with p; > 0 and n; € [0,1], and where h(p;) = s* (0;)6? and g(p:) = g@,), for the
invertible map defined by

pr = ———, (2.28)

ng = 1- Ug. (2.29)
Nash bargaining implies J; = (1 — ) p;, so that the first equation follows from the free-
entry condition in (2.1), while the second is true by definition. Both equations are

smooth together with their inverses, so that they satisfy the second requirement as well.

The Jacobian matrix of this diffeomorphism is given by

k(1-n) 0
M(x)=| 0-P8; .
-1

0

If we apply the map in (2.28) and (2.29), then indeed

n _
(r+6) 2+ (1= Pty (8@ + 2= -un®] | _[ T 0 |
5(1—uy)—s* 0, u0; 0 -1

a-pe;

r+6)—0 4+ g@)+z-(1-u)?,
$* 0 10" -8 (1 uy) ’

so that the two systems also satisfy the last of the three requirements. As a result, they

are smoothly equivalent as long as 6 > 0. O
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Lemma 2.8 shows that the two systems is the same system written in different
coordinates, retaining the same eigenvalues of the corresponding equilibria and the
same periods of the corresponding limit cycles (Kuznetsov, 2004, p. 42). I can thus prove

Proposition 2.6 in n; and p;.

Proof. The system in (2.26) and (2.27) is characterized by Hamiltonian dynamics if the

discount rate r is zero and the sharing rule is efficient. The Hamiltonian function is

ne
H(pe ny) :/ Ppdx+ 1 —-n)g(pe) +2-6peny, (2.30)
0

as can be checked by noting that 0H/0p; = n;and 0H/0n; = —p;for f=1-nand r =0.
Indeed, remember that i (p,) = s* (0,) 07 and g(p;) = g (8;) for the map in (2.28), so
that g (p¢) = [ h(@)dq.

Although a homoclinic orbit generically exists in this Hamiltonian system, for
z > 0 part of this homoclinic orbit may fall outside the positive quadrant. Define
ng=o = 1 — up=o as the employment level at the intersection of the tightness null-
cline with the unemployment axis (thus with uy-y as defined in (2.16)). Note that
A-uyg+azl’/"l < 1-q) [(1 —ug) (z+ k@;_”/(l — ,6)) - qu(HH)] is equivalent to
H [ PN H) < H(0, ng=o). If and only if the latter holds, the homoclinic orbit is entirely
situated in the positive quadrant. Because in a Hamiltonian system all equilibrium
paths are level curves, combinations of 7 and p on the homoclinic orbit have the same
value of the Hamiltonian as the saddlepoint on it. The laws of motion in (2.26) and
(2.27) show that the antisaddle L is a local minimum in the system. Moving along the
continuum of surrounding closed orbits, the largest possible closed orbit in the positive
quadrant lies on ng-(. Consequently, with H (p o, H) < H (0, ny-g), a homoclinic orbit
connecting H to itself lies entirely in the positive quadrant.!8

For a small perturbation towards positive discounting and a smaller than efficient
B two steady states with economic activity continue to exist by continuity. Melnikov

perturbation (see e.g. Guckenheimer and Holmes (1983, p. 184)) shows that the same

18Substituting (2.16) into (2.7) it can be checked for z,a > 0 that H (0, ng—o) < H(0,0) = z, so that
H(pm,ny) < H(0,ng=o) implies H (pg, ng) < H(0,0). The latter ensures that the saddlepoint on the
homoclinic orbit is steady state H rather than the no-trade steady state.
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holds for the homoclinic orbit. The differential vector system allowing for a small

distortion such that r > 0 and 8 <1 -7 is defined by

xt = F(x;) + EG(.)C[) with Xt = (pt) ,
ng

Fio] (-2t Tsp s [P hig)dg - ng + 2
F(xy) = =\ oH(prny) | = )
Fp(x)| | =g h(pd) 1= ni-0on,
G = |0 _ [Perglpd = J" hada)
Gg(x) 0

where ¢ is a small positive number. F (x;) is the Hamiltonian vector field, and G (x;) is a
perturbation attributable to positive discounting and a smaller than efficient bargaining
power.

Because the perturbation is time independent, the Melnikov function M (p;, n;) is

M (py, 1) :/r

where I’ = {x € R?|H (x) < H(ppu, nn)} is the area enclosed by the homoclinic orbit in

simply
dp[dnty

r+h(pt)(%—l)

the Hamiltonian system. Note that the Melnikov function is independent of €. Now

Bsr <1—mn can be chosen to target any sufficiently small r = 7 > 0 with

For r = 7 the Melnikov function has a simple zero at s, so that for a sufficiently small
distortion a homoclinic orbit in p; and n; continues to exist and remains in the positive
quadrant. By Lemma 2.8 the same must hold for the system in 8, and u;.

According to the Andronov-Leontovich theorem, a family of limit cycles bifurcates
on one side of this homoclinic orbit, and these are stable if the trace of the Jacobian
matrix at saddlepoint H is negative. Because the homoclinic orbit is proven for a
perturbed Hamiltonian system, the trace is only based on the distortion, and is simply

equal to € times the integrand of the Melnikov function at H:

tr(H) =¢

r+h(pn) (% - 1)

Given that § < 1—n, the integrand of the Melnikov function is monotonically decreasing
in p;. Consequently, when the Melnikov function is zero, the tr(H) is negative for values

of  in the neighborhood of fs;, so that the limit cycles are stable. O
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Proof of Proposition 2.7

Proof. Because the proofis more concisely written in surplus than in tightness, I present
it for Mortensen (1999)’s system extended with z > 0. Remember that by Lemma 2.8
the two systems are smoothly equivalent so that the eigenvalues are the same. The

nullclines of the dynamical system in (2.26) and (2.27) are

(r+0p:+8(p)+z=n)"” 2.31)
h
n, = _hlpd , (2.32)
h(p:)+6

and its nonzero Jacobian matrix is

(m)“

[ r+6+g (p1) -a w
W(p)QA-ny) —h(p;)-6
Both eigenvalues are zero if and only if both the determinant and the trace are zero,
so that
tr=r+g (p:)—h(ps) =0, (2.33)
(ny)"”
det= an—th’ (pe)A-np)—(r+6+g (p:)(h(p:)+6)=0. (2.34)
t
Remember that g (p;) = p/(1-1n) [ h(g)dq, and moreover that h(p;) = s* (0,)0] so
that using the map in (2.28) 1’ (p¢) p+/ h (p:) = A=n+ny)/(1-1)(y—1)) = k. Substituting
(2.33) and the elasticities into (2.34) yields
“ h
a (ny) . (Pt)
ng
Substituting the nullclines of (2.31) and (2.32),

r+0)p:+ +
s IOt E(pi)+2
P
Consequently, both eigenvalues are non-degenerately zero in steady state if the function
h —
(pe)—r L2
+ K Pr

has a simple zero. Because limy, .., B(p;) = oo, lim, .o B(p;) = —oo, and B(p;) is

(1-n) = (h(p:)+6)%

= (h(p:) +0)°.

B(p:) = (h(pt)+6)2—0n<6 r+o+ , (2.35)

continuous, this condition is satisfied by the Intermediate Value Theorem. Moreover,

for a < 1 the condition is satisfied only once, because B'(p;) > 0if2 > ax/(1+ .12 O

9The same holds if z = 0, but then lim,, o B(p;) = §* — a6k (6 +xr/(x + 1)), so that (2.35) can only
be zero for a sufficiently large a and «. A sufficient condition met by Mortensen’s numerical example and
my calibration is ax > 1.
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CHAPTER

Buying first or selling first in

housing markets®

Introduction

A large number of households move within the same local housing market every year.
Many of these moves are by owner-occupiers who buy a new property and sell their old
housing unit. However, it takes time to transact in the housing market, so a homeowner
that moves may end up either owning two units or being forced to rent for some
period, depending on the sequence of transactions. Either of these two alternatives
may be costly.?! There is anecdotal evidence that the incentives to “buy first” (buy
the new property before selling the old property) or “sell first” (sell the old property
before buying the new one) may depend on the state of the housing market.?? If

the transaction sequence decisions of moving owner-occupiers in turn affect housing

20This chapter is based on Moen et al. (2015)

21The following quote from Realtor.com, an online real estate broker, highlights this issue: “If you
sell first, you may find yourself under a tight deadline to find another house, or be forced in temporary
quarters. If you buy first, you may be saddled with two mortgage payments for at least a couple months.”
(Dawson (2013))

22 A common realtor advice to homeowners that have to move is to “buy first” in a “hot” market, when
there are more buyers than sellers and prices are high or expected to increase, and “sell first” in a “cold”
market, when there are more sellers than buyers and house prices are depressed or expected to fall.
Anundsen and Larsen (2014) provides evidence on the response of the intentions of owner-occupiers to
buy first or sell first to the state of the housing market using survey data for Norway. In Section 3.2 we
provide direct evidence for this link using data for the Copenhagen housing market.
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market conditions, there could be powerful equilibrium feedbacks with important
consequences for housing market dynamics.

In this chapter we study a tractable equilibrium model of the housing market, which
explicitly features trading delays and a transaction sequence decision for moving owner-
occupiers. We show that the transaction sequence choices of moving homeowners can
have powerful effects on the housing market and can lead to large fluctuations in the
stock of houses for sale, time-on-market, transaction volume, and prices.

In the model, agents continuously enter and exit a local housing market. They have
a preference for owning housing over renting, and consequently, search for a housing
unit to buy. The market is characterized by a frictional trading process in the form of
search-and-matching frictions. This leads to a positive expected time-on-market for
buyers and sellers, which is affected by the tightness in the market — the ratio of buyers
to sellers. Once an agent becomes an owner-occupier, he may be hit by an idiosyncratic
preference shock over his life cycle. In that case he becomes “mismatched” with his
current house and wants to move internally in the same housing market. To do that, the
mismatched owner has to choose optimally the order of transactions — whether to buy
a new housing unit first and then sell his old unit (buy first), or sell his old unit first and
then buy (sell first). Given trading delays, this may lead to the agent becoming a double
owner (owning two housing units) or a forced renter (owning no housing unit) for some
time, which is costly. The expected time of remaining in such a state depends on the
time-on-market for sellers and buyers, respectively.

If the costs incurred by a double owner or a forced renter are high relative to the costs
of a mismatch, the mismatched owner prefers buying first over selling first whenever
there are more buyers than sellers in the market, or more generally, when the buyer-
seller ratio is high. The intuition for this behavior is the following. First, whenever it is
more costly to be a double owner or a forced renter compared to being mismatched,
a moving owner wants to minimize the delay between the two transactions. Second,
when there are more buyers than sellers, the expected time-on-market is low for a seller
and high for a buyer. Consequently, if a mismatched owner buys first he expects to
spend a longer time as a buyer, and hence to remain mismatched longer. However,
once he buys, he expects to stay with two houses for a short time while searching for a
buyer for his old property. Conversely, choosing to sell first in that case implies a short
time-to-sell and a short time of remaining mismatched but a longer time of searching
to buy a new unit afterwards. Since the flow costs in between the two transactions are

higher than during mismatch, buying first clearly dominates selling first in that case.
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However, the order of transactions by moving owner-occupiers affects the buyer-
seller ratio. Specifically, when mismatched owner-occupiers buy first, they crowd the
buyer side of the market, and so, the market ends with more buyers than sellers in
steady state. Nevertheless, this high buyer-seller ratio is consistent with the incentives
of mismatched owners to buy first. Conversely, when all mismatched owners sell first,
there are more sellers than buyers in steady state. However, a low buyer-seller ratio is
consistent with the incentives of mismatched owners to sell first. Therefore, the interac-
tion between the behavior of mismatched owners and the buyer-seller composition of
the housing market creates a strategic complementarity in their transaction sequence
decisions, which in turn may lead to multiple steady state equilibria. In one steady
state equilibrium (a “Sell first” equilibrium), mismatched owners prefer to sell first, the
market tightness is low and the expected time-on-market for sellers is high. In the other
steady state equilibrium (a “Buy first” equilibrium), mismatched owners prefer to buy
first, the market tightness is high and the expected time-on-market for sellers is low.?3

To illustrate this strategic complementarity more clearly, we first assume that prices
are fixed across steady states, or alternatively, that the rental price is equal to the house
price times the discount rate, in which case prices do not influence the transaction
sequence decision. After explaining this channel and its implications, in a separate
section, we endogenize house prices. First, we assume that the steady state price level
is an increasing function of the buyer-seller ratio. We show that even with a rental price
that is constant, multiplicity exists as long as the responsiveness of the house price to the
buyer-seller ratio is not too high. After clarifying this countervailing effect, we show that
there can exist multiple equilibria when house prices are (endogenously) determined by
Nash bargaining, and hence, both differ across trading pairs and respond to changes in
the buyer-seller ratio. Specifically, the main channel that drives equilibrium multiplicity
in our benchmark model - the strategic complementarity resulting from the interplay
between mismatched owners’ transaction sequence decisions and the stock-flow
conditions that determine the equilibrium market tightness — is still present in that
environment. We also show that there can be equilibrium multiplicity even in an
environment with competitive search where agents can trade off prices and time-on-

market (queue length).

Z3Note that we derive this multiplicity under the assumption of a constant returns to scale matching
function. Therefore, the strategic complementarity does not arise from increasing returns to scale in
matching as in Diamond (1982).
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We also analyze switches between the “Buy first” and “Sell first” equilibria. Such
switches lead to fluctuations in the housing market. Specifically, moving from the
“Buy first” to the “Sell first” equilibrium is associated with an increase in the for-sale
stock and time-on-market for sellers, and a drop in transactions. This behavior is
broadly consistent with evidence on the housing cycle. In particular, explaining the
negative comovement between the for-sale stock and transactions has been a challenge
for search-based models of the housing market (Diaz and Jerez, 2013). As we show
in a simple numerical example, the fluctuations generated by these switches can be
substantial. Also, when prices are determined by Nash bargaining, we show that there
can be substantial house price fluctuations arising from these equilibrium switches.

Finally, we show that when house prices respond to changes in the buyer-seller ratio,
there can exist equilibria with self-fulfilling fluctuations in prices and market tightness.
Since mismatched owners are more likely to buy first (sell first) when they expect price
appreciation (depreciation), they end up exerting a destabilizing force on the housing
market. For example, if agents expect prices to depreciate, they are more likely to sell
first. However, this decreases the buyer-seller ratio, which in turn drags down house

prices, and thus, confirms the agents’ expectations.

Related literature. The chapter is related to the growing literature on search-based
models of the housing market and fluctuations in housing market liquidity, initiated by
the seminal work of Wheaton (1990). This foundational paper is the first to consider a
frictional model of the housing market to explain the existence of a “natural” vacancy
rate in housing markets and the negative comovement between deviations from this
natural rate and house prices. In that model, mismatched homeowners must also both
buy and sell a housing unit. However, the model implicitly assumes that the cost of
becoming a forced renter with no housing is prohibitively large, so that mismatched
owners always buy first. As we show in our chapter, allowing mismatched owners to
endogenously choose whether to buy first or sell first has important consequences for
the housing market.

The chapter is particularly related to the literature on search frictions and propa-
gation and amplification of shocks in the housing market (Krainer (2001), Novy-Marx
(2009), Caplin and Leahy (2011), Diaz and Jerez (2013), Head et al. (2014), Ngai and
Tenreyro (2014), Guren and McQuade (2013), Anenberg and Bayer (2015), Ngai and
Sheedy (2015)). This literature shows how search frictions naturally propagate aggregate
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shocks due to the slow adjustment in the stock of buyers and sellers. Additionally, they
can amplify price responses to aggregate shocks, which in Walrasian models would be
fully absorbed by quantity responses.?*

Diaz and Jerez (2013) calibrate a model of the housing market in the spirit of
Wheaton (1990) where mismatched owners must buy first, as well as a model where
they must sell first. They show that each model explains some aspects of the data on
housing market dynamics, pointing to the importance of a model that contains both
choices. Other models of the housing market assume that the sequence of transactions
is irrelevant, which implicitly assumes that the intermediate step of a transaction
sequence for a moving owner is costless (Caplin and Leahy (2011), Ngai and Tenreyro
(2014), Head et al. (2014), Guren and McQuade (2013), Ngai and Sheedy (2015)).

Ngai and Sheedy (2015) model an endogenous moving decision based on idiosyn-
cratic match quality as an amplification mechanism of sales volume. The paper shows
how the participation decisions of mismatched owners in the housing market can
explain why time-on-market for sellers can decrease while the stock of houses for sale
increases at the same time, as was the case during the housing boom of the late 90s and
early 2000s. In our model we assume that mismatched owners always participate and
instead focus on their transaction sequence decisions. The implications we draw from
our analysis are therefore complementary to the insights in their paper.

Anenberg and Bayer (2015) is a recent contribution that is close to our chapter,
particularly in terms of motivation. The chapter studies a rich quantitative model of
the housing market to explain the large volatility of internal movements by existing
owners, which they argue is the main driver of fluctuations in housing transactions.
The authors calibrate their model to data for Los Angeles and show how shocks to the
flow of new buyers can be amplified through the decisions of existing owners and can
lead to substantial fluctuations in prices and volume. Similar to our model, existing
owners in their model also have to both buy and sell in the same market. Unlike our
model, however, existing owners in their model simultaneously search both on the
buyer and seller side, so they do not choose to bias their search decisions. With some
probability, both a buy and a sell offer may arrive in the same period, in which case an
owner has to choose to conduct one of the two transactions and forfeit the possibility

of conducting the other. Otherwise, whether a buy offer arrives before a sell offer or

24The chapter is also broadly related to the Walrasian literature on house price dynamics and volatility
(Stein (1995), Ortalo-Magne and Rady (2006), Glaeser et al. (2014).
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vice versa is exogenous from the point of view of individual owners. In contrast, in our
model, mismatched owners choose which side of the market to enter and whether to
receive only offers from buyers or from sellers. This endogenous choice by existing
owners to bias their search decisions influences market tightness and buyer and seller
times-on-market, which in turn influence the choices of other existing owners. The
strategic complementarity resulting from this feedback between market tightness and
the decisions of mismatched owners leads to multiplicity, self-fulfilling fluctuations,
and housing market volatility in our model. Therefore, the theoretical focus of our
chapter and the different mechanism that we explore make our chapter complementary
to this study.

The paper is also related to the literature on multiple equilibria and self-fulfilling
fluctuations as the result of search frictions. Multiple equilibria in that literature arise
mainly from increasing returns to scale in matching (Diamond (1982)) or from the
interactions between several frictional markets (Howitt and McAfee (1988)).2° In
contrast, multiplicity in our model arises in a single market with constant returns
to scale in matching. Other sources of multiplicity in models with search frictions
include an indeterminacy in the division of the match surplus (Howitt and McAfee
(1987), Farmer (2012), Kashiwagi (2014)) or the interaction between the outside option
of matched market participants and their endogenous separation decisions (Burdett
and Coles (1998), Coles and Wright (1998), Burdett et al. (2004), Moen and Rosén (2013),
Eeckhout and Lindenlaub (2015)). In our paper, the division of the match surplus is
determined by a fixed price, by Nash bargaining, or by competitive search, so that the
indeterminacy of a bilateral monopoly is not exploited. Also, separation is exogenous in
our framework.

Section 3.5 that extends our results to environments where prices are endogenously
determined, relates the chapter to the literature on Nash bargaining and competitive
search in the housing market. In particular, Albrecht et al. (2007) study a search model
of the housing market where buyers and sellers may become “desperate” if they search
unsuccessful for too long. Because prices in their model are determined by Nash
bargaining, the presence of agents with heterogeneous flow values while searching

results in compositional effects that also arise in the extension of our model with Nash

25Similar papers include Drazen (1988), Diamond and Fudenberg (1989), Mortensen (1989), Howitt
and McAfee (1992), Boldrin et al. (1993), Mortensen (1999), Kaplan and Menzio (2016), Chéron and
Decreuse (2016), and the previous chapter, among others.
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bargaining. However, in their model equal numbers of buyers and sellers enter the
market at an exogenous rate, so that there is no transaction sequence decision.2% Finally,
our extension in Section 3.5.3 to a model of the housing market with competitive search
relates the chapter to recent models of competitive search in housing and asset markets
(Diaz and Jerez (2013), Lester et al. (2015), Albrecht et al. (2016), and Lester et al. (2013)).

The rest of the chapter is organized as follows. In the next section we present
some motivating facts using individual level data from Denmark. We also explain why
modeling the transaction sequence of moving owners as an explicit choice rather than
a passive outcome of simultaneous search on both sides of the market is important for
consistency with the data. Section 3.3 presents the basic model of the housing market,
and Section 3.4 characterizes the decisions of mismatched owners and discusses the
equilibrium multiplicity and the implications of equilibrium switches. Section 3.5
shows that there can be equilibrium multiplicity in an environment where prices are
determined by Nash bargaining and also in an environment with competitive search,
and discusses some additional extensions. Section 3.6 shows how the incentives of
mismatched owners to buy first or sell first depend on price expectations and shows that
there can exist equilibria with self-fulfilling fluctuations in house prices and tightness,

while section 3.7 concludes.

Motivating facts

We start by providing some motivating facts about the transaction sequence decisions
of owner-occupiers for Copenhagen, Denmark. We focus on the Copenhagen urban
area for the period 1992-2010. We use the Danish ownership register, which records the
property ownership of individuals and legal entities as of January 1st of a given year.
We combine that with a record of property sales for each year. The unique owner and
property identifiers give us a matched property-owner data set, which we use to keep
track of the transactions of individuals over time. We focus on individual owners who

are recorded as the primary owner of a property.

Z6Maury and Tripier (2014) study a modification of the Wheaton (1990) model, in which mismatched
owners can buy and sell simultaneously, which they use to study price dispersion in the housing market.
However, they do not consider the feedback from buying and selling decisions on the stock-flow process
and on market tightness. This feedback is key for the mechanisms we explore in our chapter.
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We use the ownership records of individual owners over time to identify owner-
occupiers who buy and sell in the Copenhagen housing market.?” We then use the
property sales record to determine the agreement dates (the dates the sale agreement
is signed) and closing dates (the dates the property formally changes ownership) for
the two transactions. Based on those, we construct a variable that measures the time
difference between the sale of the old property and the purchase of the new property. If
the difference is positive, the owner-occupier buys first, if it is negative he sells first.

Figure 8 shows the distribution of the time difference between the agreement dates
(Panel 8a) and closing dates (Panel 8b) for owner-occupiers who both buy and sell in
Copenhagen during our sample period. There is substantial dispersion in the time
difference between agreement dates, which suggests that a large fraction of these
homeowners cannot synchronize the two transactions on the same date. Specifically,
there is substantial mass even in the tails of the distribution. Examining the difference in
closing dates shows a similar picture. Even though the distribution is more compressed
in that case, since homeowners try to a greater extent to synchronize the closing dates,
so that they occur on the same day or in a close interval, a large fraction of homeowners
face a time difference of a month or more in between closing the two transactions.
Overall, these distributions suggest that for homeowners that buy and sell in the same
housing market the time difference between transactions can be substantial, confirming
the anecdotal evidence cited in the introduction.

Another important observation is that the two distributions are right skewed, so
moving homeowners tend to buy first during our sample period. This is confirmed when
we examine the time series behavior of the fraction of homeowners that are identified
as buying first in a given year from 1993-2008, as Figure 9 shows. Similar to Figure 8,
the left-hand panel (Panel 9a) is based on agreement dates, while the right-hand panel
(Panel 9b) is based on closing dates. Both panels also contain a price index for single
family homes for the Copenhagen housing market. As the figure shows, the fraction of
owners that buy first is not constant over time but exhibits wide variations going from a
low of around 0.3 in 1994 to a high of 0.8 in 2006 and then back to a low of around 0.4
in 2008. This fraction tracks closely the house price index increasing over most of the

sample period and peaking in the same year. It is then followed by a substantial drop as

27 Appendix 3.8.A contains detailed information on the data used and on the procedure for identifying
owner-occupiers that buy and sell. Given the way we identify these owner-occupiers, we have a consistent
count for the number of owners who buy first or sell first in a given year for the years 1993 to 2008.
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Figure 8: Distribution of the time difference between “sell” and “buy” agreement dates
(a) and closing dates (b) for homeowners who both buy and sell in Copenhagen (1993-
2008).

house prices start to decline after 2006. Therefore, Figure 9 suggests that the decisions
to buy first may be related to the state of the housing market.

A closer examination of the period 2004-2008 strengthens this conjecture. Specif-
ically, Figure 10 illustrates the fluctuations in key housing market variables like the
for-sale stock, seller time-on-market, transaction volume and prices for Copenhagen
in the period 2004-2008. It also includes our constructed fraction of buy first owners
for Copenhagen in the period 2004-2008. During the first half of this period seller
time-on-market (TOM), and the for-sale stock are low, while transaction volume and
the fraction of buy first owners are high. There is a switch in all of these series around
the 3rd quarter of 2006 and a quick reversal during which seller time-on-market and
the for-sale stock increase rapidly, while the fraction of moving owners that buy first
drops. Transaction volume is also lower during the second half of this period. Prices
increase during the first half of the period and then decline.

We take these three exhibits as indication that there is a non-trivial transaction
sequence choice for owner-occupiers that move in the same housing market, that the
time difference between the two transactions can be substantial, and that the decision
to buy first or sell first is related to the state of housing markets. These facts motivate

our theoretical study below.
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Figure 9: Fraction of owners who “buy first” and housing market conditions in
Copenhagen (1993-2008). Panel a is based on agreement dates, and Panel b is based on
closing dates.

Notes: The series on the fraction of “buy first” owners is from own calculations based on registry data
from Statistics Denmark. See Appendix 3.8.A for a description on how we identify an owner that buys and
sells in Copenhagen (a buyer-and seller) as a “buy first” (“sell first”) owner. We compute annual counts of
the number of “buy first” and “sell first” owners by looking at the year of the first transaction for each of
these owners. The fraction of “buy first” owners is then the proportion of buyer-and-seller owners that
buy first. For Panel a the identification of an owner as buy first/sell first is based on the difference in the
two agreement dates. For Panel b, it is based on the difference in the two closing dates. The price index is
arepeat sales price index for single family houses for Copenhagen (Region Hovedstaden) constructed by

Statistics Denmark.

3.2.1 Why an explicit transaction sequence choice?

Before proceeding with our model, we make the following important conceptual
point. Suppose that rather than explicitly choosing how to conduct the sequence of
transactions, moving owners always enter both sides of the market simultaneously.
Then they simply take whichever trading opportunity comes first. Thus, they are
observed to “buy first” whenever they happen to meet a seller before a buyer and
vice versa. We refer to this as a simultaneous search strategy.

Suppose that the market is frictional and there are trading delays. With standard
assumptions on the matching technology, the rate at which a buyer meets a seller is
decreasing in the buyer-seller ratio in the market, while the rate at which a seller meets

a buyer is increasing in the buyer-seller ratio. Hence, a simultaneous search strategy
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Figure 10: Housing market dynamics, Copenhagen 2004-2008
Notes: Data on seller time-on-market (TOM) and the for-sale stock is from the Danish Mortgage Banks’
Federation (available at http://statistik.realkreditforeningen.dk/BMSDefault.aspx). These series are
shown in log deviations from their sample mean. The total transaction volume is from Statistics Denmark.
It is in log deviations from the sample mean after controlling for seasonal effects by quarter-in-year
dummies. The fraction of buy first owners is from own calculations based on registry data from Statistics
Denmark. See Appendix 3.8.A for a description on how we identify an owner that buys and sells in
Copenhagen (a buyer-and-seller) as a “buy first” (“sell first”) owner. We compute quarterly counts of the
number of “buy first” and “sell first” owners by looking at the quarter of the first transaction for each
of these owners. The fraction of “buy first” owners is then the proportion of buyer-and-seller owners
that buy first. The identification of an owner as buy first/sell first is based on the difference in the two

agreement dates.

implies that the observed fraction of agents that buy first is decreasing in the buyer-seller
ratio. The (steady state) average time-on-market is the inverse of the meeting rate of
sellers, and hence is also decreasing in the buyer-seller ratio. It follows that if the agents
use a simultaneous search strategy, the fraction of owners that are observed to buy

first and the seller time-on-market should move in tandem — one should observe fewer
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owners “buying first” whenever seller time-on-market is low and vice versa. However,
this is counterfactual, in view of Figure 10.28

This simple example shows (without reference to the optimization decision of
agents) that to be consistent with the data, mismatched owners must explicitly choose
to (predominantly) search only on one side of the market, thus steering the sequence
of their transactions, rather than to search simultaneously on both sides and having
the sequence of their transactions be determined by the exogenous arrival of trading
counterparties. Moreover, as we show in our model, when agents’ optimizing decisions
are taken into account, under a naturally satisfied parametric assumption on prefer-
ences, mismatched owners rationally choose to bias their search towards one side of

the market in a way that leads to aggregate behavior that is consistent with the data.

Model

In this section, we set up the basic model of a housing market characterized by trading

frictions and re-trading shocks that will provide the main insights of our analysis.

3.3.1 Preferences

Time is continuous. The housing market consists of a unit measure of durable housing
units that do not depreciate, and a unit measure of households, which we refer to as
agents. The agents are risk neutral and can borrow and lend freely at interest rate
r > 0. When an agent buys a house and becomes a homeowner, he receives a flow
utility of u > 0. We say that the homeowner is matched. With a Poisson rate y the
matched homeowner is hit by a taste shock, and becomes mismatched with his current
housing unit. In that case the homeowner obtains a flow utility of u — y, for0< y < u. A

mismatched owner has to move to another housing unit in order to become matched

28To show this formally, below we denote the buyer-seller ratio by 6, the rate at which sellers meet
buyers by u (0), where p (0) is increasing in 0, and the rate at which a buyer meets a seller by g (0) = %‘9),
where g (0) is decreasing in 0. If owners follow a simultaneous search strategy, in steady state, the ratio of

owners observed to buy first relative to those observed to sell first is
q@e) 1

=_. 3.1
©® 6 -1

Therefore, this ratio is decreasing in 8. Since 6 and sellers’ (average) time-on-market, ﬁ, are negatively
related, the fraction of owners observed to buy first and seller time-on-market should move in tandem as
6 changes.
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again. Taste shocks of this form are standard in search models of the housing market
(Wheaton, 1990), and create potential gains from trading.29

A mismatched owner can choose to sell first (and become a mismatched seller) —
selling the housing unit he owns first and then buying a new one. Alternatively, he can
choose to buy first (becoming a mismatched buyer) — buying a new housing unit first
and then selling his old one. Finally, the mismatched owner may choose to not enter
the housing market and stay mismatched.>°

We also assume that a mismatched owner cannot synchronize the two transactions
(the selling and buying). For example, he cannot exchange houses with another
mismatched owner, as there is no double coincidence of housing wants among
owners.3! Instead, a mismatched owner has to conduct the two transactions in a
sequence. A mismatched buyer ends up holding two housing units simultaneously
for some period. In this case we say that he becomes a double owner. Similarly, a
mismatched seller ends up owning no housing. In that case the agent becomes a forced
renter.

The utility flows during the transaction period (when the agent is a double owner or
a forced renter) are key for our results. We assume that a double owner receives a flow
utility of u, < u, while a forced renter receives a flow utility of 1y < u. These flows do
not include the cost of renting a house for a forced renter, or rental income from renting
out the second house for the double owner (as will be clear below, we assume that the

double owner rents out the second housing unit). For the double owner, u, includes

29Rather than introducing segmentation in the housing stock, we treat all housing units as homoge-
neous, so that mismatched owners participate in one integrated market with other agents. Although in
reality agents move across housing market segments (whether spatial or size-based) in response to a
taste shock of the type we have in mind, modeling explicitly several types of housing would substantially
reduce the tractability of the model. Furthermore, defining empirically distinct market segments is not
straightforward as in reality households often search in several segments simultaneously (Piazzesi et al.,
2015).

30See our discussion in Section 3.2.1 for why an explicit choice of buying first versus selling first is
necessary for explaining the patterns we observe in the data. Also, in Section 3.5.4, we explicitly allow a
mismatched owner to search as a buyer and seller simultaneously, subject to a fixed time endowment.
We show that, given the preference assumptions we make, mismatched owners rationally choose to bias
their search towards only one side of the market depending on the market tightness, so the restriction
to either only buying first or selling first is without loss of generality in this case. Finally, notice that
searching simultaneously as both a buyer and seller does not mean that the agent can synchronize the
two transactions, only that he chooses to receive offers from both potential buyers and sellers.

31This is similar to the lack of double coincidence of wants used in money-search models (Kiyotaki
and Wright (1993)). In reality, some moving homeowners may be able to synchronize the two transactions
as is also evident from Figure 8. Allowing some mismatched owners to synchronize their buy and sell
transactions would reduce the tractability of the model without changing its qualitative predictions.
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maintenance costs, costs (pecuniary and non-pecuniary) associated with renting out
the second house - reflecting unmodelled frictions in the rental market, costs associated
with bridge loans (over and above the interest rate), reflecting unmodelled frictions in
the financial market, and so on. For the forced renter, 1, includes relocation costs to a
new temporary quarter, inconveniences and monetary costs associated with short-term
renting, such as, for example, rent-back agreements, where a former owner rents his old
house at a premium from the new owner, and other unmodelled frictions in the rental
market, costs of storage of furniture, etc. As will be clear below, a driving assumption in
our analysis is that u, and u are less than u— y, i.e., the flow utilities to an agent during
the transaction period are lower than when living as mismatched in his own house.
For tractability, we also assume that a double owner does not experience mismatching
shocks. This ensures that the maximum holdings of housing by an agent will not exceed
two units in equilibrium.

Agents are born and die at the same rate g. New entrants start out their life without
owning housing, and receive a flow utility u, < u. Also, we assume that u, = u,
so that forced renters do not obtain a higher utility flow than new entrants. After a
death/exit shock, an agent exits the economy immediately and obtains a reservation
utility normalized to 0. If he owns housing, his housing units are taken over by a real-
estate firm, which immediately places them for sale on the market.3? Real-estate firms
are owned by all the agents in the economy with new entrants receiving the ownership
shares of exiting agents. Given the exit shock, agents effectively discount future flow
payoffs at a rate p = r + g. For notational convenience, we will directly use p later on.

Finally, agents without a house rent a dwelling. A landlord can simultaneously rent
out a unit and have it up for sale. Hence double owners rent out one of their units, as do

real-estate firms. The rental price is denoted by R.

3.3.2 Trading frictions and aggregate variables

The housing market is subject to trading frictions. These frictions are captured by a
standard constant returns to scale matching function m (B (¢), S (#)), mapping a stock
B (t) of searching buyers and a stock S () of searching sellers to a flow m of new matches.

We assume that there is random matching, so different types of agents meet with

32For simplicity, we assume that agents are not compensated for their housing upon exiting the
economy. In Section 3.5.4, we discuss an extension to the a case where exiting agents are compensated
for their housing by the real-estate firms.
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probabilities that are proportional to their mass in the population of sellers or buyers.
Directed search is discussed in Section 3.5.3. We define the market tightness in the
housing market as the buyer-seller ratio, 6 (¢) = B(¢)/S(t). Additionally, u (6 (1)) =
m(B(t)/S(¢),1) =m(B(1),S(#))/S(¢) is defined as the Poisson rate with which a seller
meets a buyer. Similarly, g (0 (¢)) = m(B(¢),S(#)) /B () = (0 (1)) /0 (¢) is the rate with
which a buyer meets a seller.

Beside the market tightness, 0 (¢), which will be relevant for agents’ equilibrium
payoffs, we keep track of a number of stock variables. Specifically, those include
the new entrants (denoted by B, (#)), matched owners (O(?)), mismatched buyers
(B; (1)), mismatched sellers (S; (£)), double owners (S, (1)), forced renters (B (¢)) and
the housing units sold by real-estate firms (A (z)). Therefore, the total measure of buyers
is B (t) = B,, (t)+Bg (t)+B; (t) and the total measure of sellersis S () = Sy (£)+S» (£)+A(£).
Since the total population is constant and equal to 1 in every instant, it follows that

B,+By+B1+85+S,+0=1. (3.2)

Also, since the housing stock does not shrink or expand over time, the following housing

ownership condition holds in every instant,
O+B;+S+A+2S5 =1. (3.3)

Summing up, the life-cycle of an agent in the model proceeds as follows. An agent
begins his life as a new entrant. With rate ¢q (0), he becomes a matched owner. Once
matched, he becomes mismatched with rate y. A mismatched owner chooses to either
buy first (mismatched buyer) or sell first (mismatched seller). A mismatched buyer
becomes a double owner with rate g (8), who in turn sells and reverts to being a matched
owner with rate u (6). A mismatched seller becomes a forced renter with rate u () and
after that moves to being a matched owner with rate g (0). In every stage of life an agent

may exit the economy with rate g.

3.3.3 House price and rental price determination

We begin our analysis by assuming that the house price p is fixed and does not vary
with the market tightness 6 (or, as a special case, that the rental price is equal to the
house price times the discount rate p, see the end of this subsection). However, in the

equilibria we consider, the price p lies in the bargaining set of all actively trading pairs.
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We progressively relax this assumption by assuming that p varies with 8 in a reduced
form-way in Section 3.5.1 and by assuming that prices are determined by symmetric
Nash bargaining in Section 3.5.2 or in a competitive search equilibrium in Section 3.5.3.
The main insights of our analysis hold in those environments as well, although at a
significant reduction in tractability.>3
In this paper, we do not explicitly model the rental market. Since there are equally
many houses as there are agents in the economy, and all houses are either occupied by
the owner or rented out, the supply of houses for rent is equal to the demand for houses
for rent independently of the price (as long as all agents prefer to own rather than to
rent) and independently of the transaction sequence of the agents. It follows that if
the rental market is competitive, the rental price is indeterminate. In what follows, we
assume that the rental price is constant, independently of 6. Furthermore, given the
assumption that a real-estate firm can rent out a housing unit without costs, we require
that
pp =R, (3.4)

as otherwise the real estate firms would want hold on to their houses forever.

As alluded to in the beginning of this subsection, an interesting special case, which
is our benchmark case below, arises when R = pp. As we show below, in this case, the
(steady state) house price does not influence the sequence of transactions. A higher
price makes it more attractive to sell first due to discounting, while higher rental price

makes it more attractive to buy first. If R = pp, the two effects cancel out.

Steady state equilibria

We start by characterizing steady state equilibria of this economy. We first discuss the

value functions of different types of agents in a candidate steady state equilibrium.

33 Although the assumption that house prices are independent of § is made for convenience, it may
also be an equilibrium outcome in some environments. Given that the price is assumed to lie in the
bargaining sets of all trading pairs, it can be derived as the market clearing price in a competitive market
with frictional entry of traders. In particular, as in Duffie et al. (2005) or Rocheteau and Wright (2005), the
total measure of participants in that competitive market is determined by the matching function M (B, S).
The transaction price in our case will be indeterminate, and this opens up for a price that is independent
of 8. Also, under certain conditions, a unique fixed price that does not vary with tightness or across
trading pairs can be microfounded as resulting from bargaining between heterogeneous buyers and
sellers, in which the buyer has full bargaining power but does not know the type of the seller. As shown in
Appendix 3.8.E take-it-or-leave-it offers from buyers under private information about the seller’s type
can generate a fixed price that is equal to the present discounted value of rental income.
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3.4.1 Value functions

We have a number of value functions for different agents in this economy. Specifically,
we use the notation V¥, for the value function of a new entrant (x = Bn), a forced renter
(x = B0), a mismatched buyer or seller (x = B1 or x = S1), a double owner (x = §2) and
real-estate firm holding one housing unit (x = A). Finally, we denote the value function
of a matched owner by V. Given these notations, we have a standard set of Bellman
equations for the agents’ value functions in a steady state equilibrium.

First of all, for a mismatched buyer we have
pVE = u—y+q @ max{-p+VS2-vE o}, (3.5)

where u — y is the flow utility from being mismatched. Upon matching with a seller, a
mismatched buyer purchases a housing unit at price p, in which case he becomes a
double owner, incurring a utility change of V52 — VB!,

A double owner has a flow utility of u, + R while searching for a counterparty. Upon
finding a buyer, he sells his second unit and becomes a matched owner. Therefore, his

value function satisfies the equation3
PV =1y + R+pu0) (p+ V-V, (3.6)

The value function of a mismatched seller is analogous to that of a mismatched buyer
apart from the fact that a mismatched seller enters on the seller side of the market first

and upon transacting becomes a forced renter. Therefore,
pVS! = u— y +p (@) max{p+ VB - vS o} (3.7)
Finally, for a forced renter we have
pVE =uy—R+q©O) (-p+V-VE), (3.8)

The remaining value functions are straightforward and are given in Appendix 3.8.B.

34We present the value functions of double owners and forced renters assuming that they always trade
at the price p, since that will always be the case in the steady state equilibria we consider. For example,
for the case of a double owner we have V + p = (u + R)/p. Appendix 3.8.B provides a set of sufficient
conditions for this to hold.
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3.4.2 Optimal choice of mismatched owners

In a steady state equilibrium, the optimal decision of mismatched owners depends on
the simple comparison
vELZ s, (3.9)

We can substitute for V5% and V52 from equations (3.8) and (3.6) into the value functions

for a mismatched buyer and seller to obtain

Vm:max{u—x, u—x 4O (uw—(pp-R))  qOpoO v}, (3.10)

p p+q® (p+u®)(p+q®) (o+p®)(p+q9®)

and

V31:max{u—x u-x . KO (u+(pp-R)) q(6) 1) V}_ 3.11)
p p+u®) (0+u®)(o+q®) (p+pr®)(p+q®)

We define the effective utility flow for a forced renter as iy = ©p + A, and for a double
owner as iy = up — A, where
A=pp-R. (3.12)

In the special case in which R = pp, @iy = up and @, = u,. Hence in this case, the housing
price does not influence the flow value (including incomes/expenses from renting) of
double owners or forced renters.

Our analysis focuses on the empirically relevant and realistic case, in which being

mismatch gives a higher flow value than being a double owner or a forced renter:
Assumption 3.Al: u — y = max{i, ip}.

Anecdotal evidence points to the mismatch state as not particularly costly for the
majority of homeowners. As Ngai and Sheedy (2015) argue, mismatch may be so small
for many homeowners that they prefer not to move and save on the transaction costs.
On the other hand, a comparison between the difference in agreement and closing dates
from Figure 8 shows that moving homeowners tend to minimize the delay between the
closing of the two transactions with many transactions either occurring simultaneously
or within a short period. This suggests that delays between transactions are particularly
costly for moving homeowners.

In the special case with R = pp, Assumption 3.A1 can be written as u —y >

max{uy, up}. If, in addition, uy = u, = ¢, the assumption boils down to u—y = c.
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Define D (0) = VB! — V5! as the difference in value between buying first and selling
first. Assuming that it is optimal for both a mismatched buyer and mismatched seller to

transact, we have

D@®) = 2iC) [(

1
I=g)lu-x-t)-to+ ). (3.13)
(0 +a©®)(p+u©) )( X )~ o+

0

In the case where iy = @iy = ¢, equation (3.13) simplifies to

(k@ -q@®)(u-x-c)

D) =
(o+a©@)(p+1®)

(3.14)

Hence, in this simple case, buying first is preferred whenever u(0) > q(6). The expected
time on the market for a buyer and a seller are 1/q (6) and 1/u(6), respectively. Hence
buying first is preferred, if and only if, time-on-market is higher for a buyer than for a
seller. The reason is that a mismatched owner has to undergo two transactions on both
sides of the market before he becomes a matched owner. Given this, a mismatched
owner wants to minimize the expected time in the situation that is relatively more costly.
Since it is more costly to be a double owner or a forced renter than to be mismatched, a
mismatched owner would care more about the expected time-on-market for the second
transaction and would want to minimize the delay between the two transactions.

As an example, suppose that 0 < 1 and consider the schematic representation of a
mismatched owner’s expected payoffs in Figure 11. If the agent buys first (top part of
Figure 11), he has a short expected time-on-market as a buyer. However, he anticipates
along expected time-on-market in the next stage when he is a double owner and has
to dispose of his old housing unit. In contrast, selling first (bottom part of Figure 11)
implies a long expected time-on-market until the agent sells his property but a short
time-on-market when the agent is a forced renter and has to buy a new property. Since
u—y > c, it is more costly to remain in the second stage for a long time (as a double
owner or forced renter) rather than to be mismatched and searching. Therefore, selling
first is strictly preferred to buying first in that case.

We now formally characterize the optimal action of a mismatched owner given a
steady state market tightness 6. We adopt the notation 8 = oo for the case where the
buyer-seller ratio is unbounded. We define

P (3.15)
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buy first
mismatched owner double owner
u—yx c
i I I matched owner
1 1
q(8) ne)
sell first
mismatched owner forced renter
u—y c
i I I matched owner
1 1
u(6) q(0)

Figure 11: Buying first versus selling first when 6 < 1.

Note that if ii» = iig, then 0 = 1, while if @i, > iy, then 0 < 1, and vice versa if i, < i1y.%°

The following lemma fully characterizes the incentives of mismatched owners to buy

first or sell first given a steady state market tightness 0.

Lemma 3.1. Let 0 be as defined in (3.15). Then for6 € (0,00), VB! > VS < 0 >0 and
VBl = VSl «—=0=0. For0 =0 andf =oo, VB = VS = (u—y)/p.

Proof. See Appendix 3.8.C. O

Lemma 3.1 shows that, in general, as 8 increases, the incentives to buy first are
strengthened. For high values of 8, buying first dominates selling first. For low values of

0, selling first dominates buying first.

35In what follows we will additionally assume that at § = §, both V5! > % and VB! > %, so that

a mismatched owner is strictly better off from transacting at 8 = 6. This removes uninteresting steady
state equilibria in which mismatched owners never transact. Assumption 3.A2 in Appendix 3.8.B gives a
sufficient condition for this.
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3.4.3 Steady state flows and stocks

We turn next to a description of the steady state equilibrium stocks and flows of this
model. The full set of equations for these flows are included in Appendix 3.8.B. Here we
just make some important observations on the stock-flow process in the model. First,

combining the population and housing ownership conditions (3.2) and (3.3) we get that
By (1) + By (1) = A(2) + S2. (1) . (3.16)

Since there are equally many agents and houses, the stocks of agents without a house
(forced renters and new entrants) must be equal to the stock of double owners and
real-estate firms. This identity implies that in a candidate steady state equilibrium
where all mismatched owners buy first (so that there are no forced renters), the market

tightness, denoted by 6 satisfies

0=

> 1.

Similarly, if 6 denotes the market tightness in a candidate steady state where all
mismatched owners sell first (so that there are no double owners), we have that

B,+By A

= <l1.
A+ S; A+ S8

0=

Therefore, § < 1 < 6. This points to possibly wide variations in market tightness arising

from changes in the behavior of mismatched owners. In Lemma 3.2 we show that

solves
(;+l)9+( ! - ! )—l+l (3.17)
qO)+g vy q@)+g uO+g g 7 '
and 6 solves
( 1 +1)1_1+1 5.18)
u@)+g ylo g vy '

These two equations arise from the flow conditions and population and housing

conditions if all mismatched owners buy first and sell first, respectively.

Lemma 3.2. Let6 and 0 denote the steady-state market tightness when all mismatched
owners buy first and sell first, respectively. Then 6 and 0 are unique. Furthermore, 6 > 1,

0 <1, and 0 is increasing iny and 0 is decreasing iny.

Proof. See Appendix 3.8.C. O



74 ‘ Chapter 3. Buying first or selling first

It is illustrative to consider a limit economy with small flows, where g — 0andy — 0
but the ratio y/g =« is kept constant in the limit. From equations (3.17) and (3.18), we
have that

lim 0=1+x, (3.19)
y—»O,g—»O%:K
and )
lim 0=——. (3.20)

Y-»())g-»())%:x 1 + K

Thus, the more important mismatched owners are in housing transactions (the higher
iskx =vy/g), the larger the variation in market tightnesses from changes in mismatched

owners’ actions.

3.4.4 Equilibrium characterization

We now combine the observations on the optimal choice of mismatched owners and
the steady state stocks from the previous two sections to characterize equilibria of our

model.

Proposition 3.3. Consider the above economy. Let 0 be defined by condition (3.15), and
0 and 0 be defined by (3.17) and (3.18) with 6,6 € (0,00).

1. If6 e [Qﬁ] , the model exhibits multiple steady state equilibria: an equilibrium
with 0 = 0, in which mismatched owners buy first; an equilibrium with 6 = 0, in
which mismatched owners sell first; and an equilibrium with @ = 8, in which the
mismatched owners randomize between buying and selling.

2. If0 < 6, there exists a unique steady state equilibrium in which all mismatched
owners buy first.

3. If0 > 0, there exists a unique steady state equilibrium in which all mismatched

owners sell first.
Proof. See Appendix 3.8.C. O

Therefore, depending on the flow payoffs @y and @y, there can exist multiple
equilibria or a unique equilibrium. Note that the mixing equilibrium is unstable, in the
sense that a small deviation from 6 implies that all mismatched owners want to buy
first if the deviation is upwards, and to sell first if the deviation is downwards.

In the special case, with @iy = @i, = ¢, multiple equilibria always exists:
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Corollary 3.4. Consider the above economy and suppose that tiy = i, = c¢. Then there
exist three steady state equilibria: a sell first equilibrium with 0 = 0, in which mismatched
owners sell first; a buy first equilibrium with 0 = 0, in which mismatched owners buy
first; and an equilibrium with 0 = 1, in which the mismatched owners are indifferent

between buying first and selling first, and half of them buy first.
Proof. See Appendix 3.8.C. O

Intuitively, the equilibrium multiplicity arises because the feedback from the
transaction sequence decisions of mismatched owners to the steady state equilibrium
market tightness creates a form of strategic complementarity in their actions. When
mismatched owners are buying first, the steady state buyer-seller ratio is high, so that
it is individually rational for any mismatched owner to buy first. Conversely, when
mismatched owners are selling first, the steady state buyer-seller ratio is low, and it is
individually rational to sell first. Figure 12 illustrates this equilibrium multiplicity and
the equilibrium value functions of mismatched owners.3®

Figure 13 shows examples in which only one equilibrium may exists. In Panel 13a,
6 > 0, so that only a “Sell first” equilibrium exists with 0 = 6. Panel 13b shows the
opposite case when 6 < 6, so that only a “Buy first” equilibrium exists with 6 = 6.

Since § depends on flow payoffs of mismatched owners, shocks to these payoffs can
lead to equilibrium switches.3” Apart from payoff shocks, equilibrium switches may
also occur because of changes in agents’ believes. Next, we discuss the implications of
such equilibrium switches for transaction volume, time-on-market, and the stock of

houses for sale.

36For illustrative purposes, in the figures below we assume that V2! and V5! as defined in (3.10) and
(3.11) are single peaked, i.e. thereisa ", s.t. VB! is increasing for § < 03! and decreasing for 8 > 5!
and similarly for V1.

37As an example of such a payoff shock, suppose that the payoff of a double owner, 1, includes costs
associated with obtaining a mortgage that allows him to finance the downpayment on his new property
prior to the sale of his old property. When financial markets function normally, these costs are relatively
low. Suppose that in that case i, > iiy and 8 < 0. Therefore, the “Sell first” equilibrium does not exist.
Conversely, suppose that there is a shock to financial markets, so that obtaining a bridging mortgage
becomes very costly, and thus i, < @iy and 6 > 0. As a result, after the shock, buying first is no longer
optimal and the “Buy first” equilibrium no longer exists.
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Utility B

v /

Figure 12: Equilibrium multiplicity with @y = @, = c.

3.4.5 Equilibrium switches

To simplify the analysis we consider the limit economy introduced in Section 3.4.3,
where g — 0andy — 0andy/g =k, 0 = 1 +k,and 6 = 1/(1 + k) = 1/6. Suppose that the

economy starts in a “Buy first” equilibrium with market tightness 6 = 0. In that case

A+S, B,

0=

) (3.21)

vl =

where B and S denote the stocks of buyers and sellers in the “Buy first” equilibrium.
Suppose that the whole stock of mismatched owners, B;, decide to sell first rather than
buy first. In that case, the new market tightness becomes
! _ B, _ Bn
S B,+B

where B’ and S’ denote the stocks of buyers and sellers immediately after the switch.
Hence, the tightness jumps directly to its new steady state equilibrium value with no
dynamic adjustment in 6.

What are the implications of this switch? First of all, clearly average time-on-market

for sellers, 1/u(0), increases. Second, consider the ratio of the stock of sellers before
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Figure 13: Examples with unique equilibria in the case of § > 0 (a) and 8 < 6 (b).

and after the switch. That ratio is exactly 8, which is less than 1. Therefore, there is an
increase in the stock of houses for sale since some of the previous buyers become sellers.
Finally, transaction volume may also fall depending on the shape of the matching
function. Specifically, suppose that we have a Cobb-Douglas matching function, so
m(B,S) = uyB*S 1-a for 0 < @ < 1, and consider the ratio of transaction volumes before

H (5) .Uoéa 2a-1

= =(1+x) .

q(0) pd*!

Hence, transaction volume falls after the equilibrium switch if @ > 1/2 and increases

and after the switch

if @ < 1/2. The reason is that for a > 1/2 buyers are more important than sellers in
generating transactions. When mismatched owners switch from buying first to selling
first this leads to a reduction in the number of buyers and an increase in the number of
sellers, and hence, to a fall in the transaction rate. Genesove and Han (2012) estimate a
value of @ = 0.84. At that value, transaction volume would drop after the switch from a
“Buy first” equilibrium to a “Sell first” equilibrium.

Consequently, a switch from a “Buy first” equilibrium to a “Sell first” equilibrium
implies behavior for key housing market variables — the for-sale stock, average time-to-
sell, and transaction volume - that is broadly consistent with evidence on housing cycles
(Diaz and Jerez (2013), Guren (2014)). This behavior is also consistent with the evidence
on the housing cycle in Copenhagen as shown in Figure 10. The negative comovement

between the for-sale stock and transactions is of particular interest since search-based
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models of the housing market usually have trouble generating this comovement (Diaz
and Jerez, 2013).

3.4.6 Quantitative relevance

In this section we provide a simple numerical example to assess the quantitative
relevance of our mechanism. Specifically, we examine the switch from the “Buy first” to
the “Sell first” equilibrium in the limit economy.

We use the calibration of Head et al. (2014) to determine plausible values for the rate
of mismatch, y, and the entry and exit rate, g. We use the annual fraction of owners that
move across U.S. counties, which according to the Census Bureau is around 3.2 percent,
to determine g. The fraction of owners that stay in the same county conditional on
moving is 60 percent, or around 1.5 times more owners move within the same county
than across counties. Therefore, we set g = 0.035 and y = 0.0525. This implies an
average duration for homeowners of around 11.4 years and an annual turnover rate
of 8%. These flows give us values of the market tightness in the limit economy of
lim@ = 2.5 and lim@ = 0.4, respectively. Finally, we assume that the matching function
is Cobb-Douglas so that u (6) = po8%. We choose a = 0.84, following Genesove and Han
(2012).38

With these numbers, switching from the “Buy first” to the “Sell first” equilibrium in
the limit economy leads to a decrease in the market tightness by around 85%. This is
associated with a 150% increase in the for-sale stock, and a 350% increase in average
time-to-sell. In addition, the transaction rate falls by around 50% immediately after the

switch.

Endogenous prices

In this section we relax the assumption that prices are fixed, and analyze the existence of
multiple equilibria with endogenous prices. First we impose an exogenous relationship

between the steady state market tightness and the housing and rental prices in that

38The small values of y and g suggest that the focus on the limit economy in Section 3.4.5 is reasonable.
See the working paper version of this chapter (Moen et al. (2015)) for a comparison of tightnesses in the
limit economy and away from the limit. Also note that the value of yy is irrelevant for the numerical
results in this section. In Section 3.5.2, where we discuss the quantitative implications for house prices,
we use a value of yy = 4, which gives a seller time-on-market of 6 weeks in a “Buy first” equilibrium.
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market, and derive conditions for equilibrium multiplicity. Then we go one step
further, and show that there can be multiple equilibria in an environment where prices
are determined by Nash bargaining, and even in an environment with competitive
search where agents can trade-off prices and time-on-market. With endogenous price
formation, the model becomes algebra-intensive, as we have to keep track of which
agent types trade with one another. For that reason, the details of the analysis are
deferred to Appendix 3.8.D.

3.5.1 Prices depend on market tightness

When deriving conditions for multiplicity, we assumed that prices were exogenous, and
hence unaltered by the transaction sequence decision of the agents. Now, we allow
housing prices in steady state to depend on 6. We thus write p = p () , with p’ (0) > 0.
We may also write the rent R as a function of 8, R = R (0), with R’ (8) = 0. Recall that
the flow values of double owners and forced renters depend on A = pp — R. Thus, we
can write A = A (0). It seems reasonable to assume that A’ (0) = 0 (otherwise, there is no
countervailing effect from endogenous prices).

As we already pointed out in Section 3.4.1, in the case with R = pp, A’ (8) =0, and so,
assuming that house prices are exogenous is without loss of generality, since different
(steady state) prices do not influence the flow value of double owners or forced renters.
However, a countervailing effect arises if A’(0) > 0. Specifically, from Equation (3.13), the
decision whether to buy or to sell first depends on the sign of the following expression:
0-1

D@) = 0

(u—x—u2+A0)) + up — up— 2A(6).

We normalize u» — ug so that D(1) = 0, which requires that uy — uy = 2A(1). In order
for the “Buy first” and “Sell first” equilibria to exist, we must have that (recall that 0
and 0 denote the steady state tightness in the “Buy first” and “Sell first” equilibria,

respectively):

-1 - —
T[u—x —up+A0)] =2(A0) — A1),

and 1—g
T_[u—)( —ux +A@)] = 2(A(1) - A9)).

In the two conditions above, the left-hand side broadly reflects the strategic complemen-

tarity effect identified in Section 3.4. A higher 0 makes buying more time-consuming
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and selling less time-consuming, and since the agent’s utility flow is higher whenever
mismatched compared to being a double owner or a forced renter, this favors buying
first.

The right-hand side reflects how a higher value of 6 changes the difference in the
flow values of being a forced renter compared with a double owner. Note thatif R < pp,
it is beneficial for the agent, everything else equal, to buy late and sell early. We refer
to this as a discounting effect. A higher 6 increases p, and unless R increases at the
same rate, this strengthens the discounting effect and makes it more attractive to sell
first. Due to our normalization, at 6 = 1 the discounting effect is exactly balanced by
a difference in the income flows u, and uy. However, for 6 > 1, the discounting effect
becomes stronger, which favors selling first to buying first. Similarly, for 6 < 1, the
discounting effect becomes weaker, which favors buying first to selling first.

Therefore, our multiple equilibrium result requires that the house price (or more
generally, A) should not be too sensitive to changes in 0, so that the discounting effect is
weaker than the strategic complementarity effect. Notice that the two conditions always
hold if u, (and also uj given the normalization) is sufficiently low. In that case the
strategic complementarity effect always dominates for values of 6 that are consistent
with a steady state equilibrium.

In this subsection the relationship between price and tightness is assumed to be
exogenous. Next, we demonstrate that our results still hold in a model with Nash

bargaining.

3.5.2 Prices determined by Nash bargaining

In this section we assume that prices are determined by symmetric Nash bargaining,
so that buyers and sellers split the surplus of a match equally between them, as in
Pissarides (2000). Therefore, there is no longer a single transaction price p, but prices
depend on the types of the trading counterparties. To simplify the stock-flow conditions,
we again consider a limit economy with small flows, where g — 0 and y — 0 but the ratio
% = x is constant, and where 0=1+xand 6 =1/(1+«). Additionally, and for analytical
tractability, we consider parameter restrictions which ensure that all trading surpluses
are positive in both a “Buy first” and “Sell first” candidate equilibrium, except for the
surplus between a mismatched buyer and a mismatched seller. We give the relevant

parameter restrictions in Appendix 3.8.B.
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Note that the real-estate firms are different from the other agents in the economy,
as they receive no utility from owning a house, and their gain from transacting is
the price, which is a transfer and hence does not influence the match surplus. As a
result, the equilibrium allocation becomes asymmetric, and tilts towards the “Buy first”
equilibrium even with uy = uy. It turns out that symmetry, in the sense that mismatched
owners are indifferent between buying first and selling first if § = 1, is re-established if

u, — ug = u — up. In what follows we, therefore, assume that this is the case.

“Buy first” equilibrium

Consider a “Buy first” steady state equilibrium candidate with a market tightness
of = 6 > 1. In that candidate equilibrium, the sellers with positive measure are
the double owners and real-estate firms, while the buyers with positive measure are
the mismatched owners and new entrants. In the limit economy, the outflow rate of
mismatched agents is equal to the outflow rate of new entrants, so B;/B,, =y/g = .
Hence, the shares of new entrants and mismatched buyers in the pool of buyers are
1/0 and 1 - 1/5, respectively. Furthermore, in the limit, as there is no death, the shares
of real-estate firms and double owners in the pool of sellers are also 1/ and 1 —1/6,
respectively.

Given these shares and since buyers and sellers split the match surplus evenly, it

follows that the value function of a mismatch buyer is (given p — r in the limit)
1 —J1 1
rvBl = U—x+-q@) |=Zap1 +(1-=)Zs2p1|,
2 0 0

where X451 = V52 — VB! — V4 is the match surplus when a mismatched buyer meets a
real-estate firm, and g, = V — VB! is the match surplus when a mismatched buyer
meets a double owner.

Consider a mismatched owners who deviates (permanently) and sells first.3° Since
a meeting between a mismatched buyer and a mismatched seller is assumed to lead to

negative surplus, it follows that the value function of a deviator is simply

1 1
S1_ ., _ it —
rvel=u X+2u(9) 5231311.

39Examining permanent deviations here is without loss of generality, since a temporary deviation can
only dominate a permanent deviation if and only if no deviation dominates the permanent deviation.
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It follows that the difference between the value of buying first and selling first, D(0) =

VBl _vSl can be written as

.
_ 540 _
D(@): 2 )_ Un— U _

1 Uu—1up
r+%q(9) r+%q(5) 5r+%u(§)

(3.22)

Given our assumptions on utility flows, D(@z 1) = 0 for x = 0. An increase in 0
(equivalently, an increase in x) leads to a increase in D (5) since the expression in
parenthesis, increases. This increase comes from two effects. First, p (5) increases

and g (5) decreases, so the second term in the parenthesis decreases (given that
up < u—x < u) and the first term increases (since then u, > uy). This effect is tightly
linked to the strategic complementarity effect in our benchmark model in Section 3.4.
Specifically, as before, an increase in 6 increases the value of buying first given a lower
expected time-on-market for double owners, while it decreases the value of selling first,
given a higher expected time-on-market for forced renters.

Second, the fraction of new entrants and real-estate firms, 1/ 5, decreases. Therefore,
buyers are more likely to meet double owners and sellers are more likely to meet
mismatched buyers. However, the trading surplus for a buyer is higher when matched
with a double owner compared to a match with a real-estate firm. Similarly, the trading
surplus is lower for a seller when matched with a mismatched buyer compared to a
new entrant. This compositional effect on both the buyer and seller sides of the market

additionally strengthens the incentives to buy first.

“Sell first” equilibrium

Consider a “Sell first” steady state equilibrium candidate with a market tightness of
0 = 0 < 1. In that candidate equilibrium, the sellers with positive measure are the
mismatched owners and real-estate firms, while the buyers are the forced renters and
new entrants. In the limit economy, we have that the shares of forced renters and new
entrants in the pool of buyers are 6 and 1 — 0, respectively. These are also the respective

shares of real-estate firms and mismatched owners.
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In this equilibrium candidate, the gain from deviating to (permanently) buying first
for a mismatched owner is D(0) = VBl _ vSl which is given by

1
1,00 _ _
D(9) = 2 O) (5 unmto  u-we ) (3.23)

7 r+lu@ \Tr+iqe) r+iu(e)

Given our assumptions on the utility flows, D(@ = 1)= 0 for x = 0. A decrease in 0
(increasing k) decreases D, and hence, makes it more attractive to sell first.

We conclude that the model with Nash bargaining exhibits multiple equilibria, as
stated in the following proposition.

Proposition 3.5. Consider the limit economy with prices determined by symmetric Nash
bargaining. Suppose that conditions 3.B1-3.B4 given in Appendix 3.8.D hold. Then
there exists a steady state equilibrium, in which all mismatched owners buy first and
the equilibrium market tightness converges to 0 = 1+ . Also, there exists a steady state
equilibrium, in which all mismatched owners sell first and the equilibrium market

tightness converges to@ = 1/(1 + x).
Proof. See Appendix 3.8.D. O

As already mentioned, we have to make restrictions on the parameter set (conditions
3.B2-3.B4 in Appendix 3.8.D), to ensure that our assumptions regarding the matching
sets are satisfied in equilibrium. These restrictions are only sufficient and the same
matching sets may emerge for more general parameter values. Also, we conjecture that
if these restrictions are not satisfied, and other matching sets emerge, these may also

have multiple steady state equilibria with the structure described in Proposition 3.5.4

Numerical example

To gain some additional insight into when multiple equilibria are possible with endoge-
nously determined prices, and to show that conditions 3.B2-3.B4 are only sufficient
for multiple equilibria, we consider a simple numerical example, in which conditions
3.B2-3.B4 need not be satisfied.*! Figure 14 plots the difference D (8) = VB! - VSlina

40Simulations confirm that multiple equilibria exist also for parameter values that do not satisfy
conditions 3.B1-3.B4.

*10ne can also relax the symmetry condition 3.B1. Relaxing 3.B1 changes the value of § for which a
mismatched owner is indifferent between buying first and selling first. Thus, it essentially shifts the curve
in Figure 14 to the left or to the right.



84 ‘ Chapter 3. Buying first or selling first

candidate “Sell first” equilibrium for 6 < 1 and a candidate “Buy first” equilibrium for
0 > 1. The figure illustrates several important points.

First, multiple steady state equilibria can be sustained even if the steady state
market tightness fluctuates substantially between the candidate “Buy first” and “Sell
first” equilibria. Using the stock-flow calibration from Section 3.4.6 produces substantial
variation in market tightness across the two steady state equilibria as illustrated by the
red and blue vertical lines on the Figure. This in turn means that there can be substantial
price effects from switches across the two steady state equilibria. Specifically, for the
numerical example that produces the figure, average house prices decline by around
32% between the “Buy first” and the “Sell first” equilibrium. Therefore, our mechanism
can also lead to quantitatively significant fluctuations in house prices when those are
endogenously determined.

Second, unlike the benchmark case with exogenously fixed prices, endogenously
determined prices imply that for sufficiently low (sufficiently high) market tightness,
buying first starts to dominate selling first (and vice versa). This reflects the discounting
effect discussed in section 3.5.1, which can outweigh the strategic complementarity
effect, so that multiple equilibria cease to exist. Nevertheless, as the numerical
example illustrates, with Nash bargaining, the price response must be very large for the
discounting effect to start dominating. Specifically, in the example in Figure 14, average
house prices must decline by (approximately) more than 50% between a candidate “Buy

first” and “Sell first” equilibria for the discounting effect to dominate.

3.5.3 Competitive search

In competitive search equilibrium, the sellers post prices, and buyers direct their search
towards the sellers they find most attractive, taking into account that better terms of
trade mean a longer expected waiting time before trade occurs. The market splits up in
submarkets, and the different agents choose which submarket to enter. As shown in
Garibaldi et al. (2016), the most patient buyers (who are most willing to trade off a short
waiting time for a low price) will search for the most impatient sellers (who are most
willing to trade off a low price for a short waiting time). Analogously, the least patient
buyers search for the most patient sellers.

In Appendix 3.8.E we derive sufficient conditions on parameter values for multiple

competitive search equilibria to exist. The economic mechanisms play out in a slightly
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Figure 14: A plot of D (0) (solid black) against (log) 6.
Notes: Preference parameters used for the example: u =2, ug = 1.55, up = 1.85, u,, = 1.7, y = 0.14. Rental
price R = 0.1. Vertical red and blue lines denote steady state market tightnesses in “Buy first” and “Sell

first” equilibria using the stock-flow calibration from Section 3.4.6.

different way with competitive search than with wage bargaining. With wage bargaining,
the strategic complementarity works through the market tightness: if more agents buy
first, this increases the buyer-to seller ratio in the market, and makes it more attractive
to buy first. In competitive search equilibrium, the strategic complementarities are
more involved. Single agents trade off waiting time and terms of trade. At market level,
more buy-first agents will influence the buyer-to-seller ratio in the submarket(s) for
mismatched buyers. This will not directly affect the sell-first agents, as they search
in different submarkets. However, the asset values of all agents will change, thereby
influencing the value of selling first and the speed at which sell-first agents transact.

In Appendix 3.8.E we derive the competitive search equilibrium allocation when the
cost of being mismatched, y, is low, the flow utility of being a double owner, u,, and
as in 3.5.2 we assume that new entrants enjoy a strictly higher flow utility than forced
renters: u, > up. In the market constellations we study, a submarket with new entrants
and real estate firms always operates.
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In the “Buy first” equilibrium, the buyers are mismatched owners and new entrants,
while the sellers are real estate firms and double owners as in Panel 15a of Figure 15,
where blue indicates sellers and red buyers. The most patient buyer is the mismatched
owner, while the most impatient sellers are the double owners. Hence these agents
always transact. The least patient buyers are the new entrants, while the most patient
sellers are the real estate firms. Hence submarkets for real estate firms and new entrants
will always exist. In addition, a market for new entrants and double owners will also
open.

Note that the match surplus Zg; 52 between a mismatched buyer and a double owner
is given by

Spisp=V+VS2_vBl_yS2-y_yBlsq

so that there is trade in this market.

Now consider a mismatched owner that deviates and sells first. For a small y,
this seller will be more patient than both the real estate firms and the double owners,
and will, therefore, transact with the most impatient buyers among the non-deviating
buyers, the new entrants. It will then become a new buyer type — a forced renter —
that is even more impatient than the new entrant because u, > uy. It will, therefore,
transact with the most patient sellers, which are the real estate firms. Given that a forced
renter is more impatient than a new entrant, real estate firms are willing to open a new
submarket for the deviating agent. In particular, the value from being a forced renter,
VB0 maximizes his gain from search given the value of the real estate firm.

The match surplus between the deviating mismatched owner and the new entrant,
2 Bns1, can be written as

Tpns1 =V + VB —vBn ST

Note that also limy_o V! =limy_o V. Moreover, for ug < u,,, V? is strictly lower than
VB also in the limit as x — 0. As aresult, the match surplus Zg,s; is negative for small
values of y, so that the mismatched owner cannot gain by deviating and the “Buy first”
equilibrium exists.

In the “Sell first” equilibrium, the sellers are mismatched homeowners and real
estate firms, while the buyers are new entrants and forced renters. The most patient
buyers are the new entrants, and the most patient sellers - the mismatched owners. The
active submarkets will be between new entrants and real estate firms, mismatched
buyers and forced renters, and forced renters and real estate firms. The markets

(together with a deviating agent) are illustrated in Panel 15b of Figure 15.
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Figure 15: Equilibrium market segments (solid colors) and deviators (weaker colors)

for “Buy first” (a) and “Sell first” (b) competitive search equilibria.

The asset values in the real-estate-new agents are as in the “Buy first” equilibrium,
so that this market is active. For a real estate agent, the surplus of a transaction with a
(more impatient) forced renter is even larger than with a new entrant, so that there are
benefits of trade in this market as well. Hence, a forced renter obtains the same value
VB0 as the (deviating) forced renter in the “Buy first” equilibrium. The match surplus

between a forced renter and a mismatched seller, g1, is given by
2pos1 =V + vBO_ySt_yBl -y _ySlso.

Now, consider a mismatched agent that deviates and buys first. This buyer will be
more patient than both new entrants and forced renters, and will thus transact with the
real estate firm, the most impatient seller. He will then become a double owner, thus,
becoming more impatient than the real estate firm, and will therefore transact with the
new entrants. A new submarket will open up, and the expression for the asset value V52
is the same as for the double owner in the “Buy first” equilibrium. However, for the same
reasons as in the “Buy first” equilibrium, the match surplus between the mismatched
buyer and the real estate firm, X, 4, is negative for low values of u,. It follows that the
deviation is unprofitable. We conclude that the model still exhibits multiple equilibria,

as stated in the following proposition.

Proposition 3.6. Consider the economy with competitive search, and suppose that y and

up are small and that uy < u,. Then the economy exhibits multiple equilibria. In one
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equilibrium, all mismatched owners buy first. In another equilibrium, all mismatched

owners sell first.
Proof. See Appendix 3.8.E. O

We have no reason to believe that the condition on y is necessary to obtain multiple
equilibria. However, without this assumption the model becomes less tractable, as it is

not clear from the outset what market constellations will then be realized.

3.5.4 Additional extensions

Our benchmark model assumes that a mismatched owner has to choose to enter the
housing market either as a buyer or as a seller. In Appendix E we examine the optimal
behavior of a mismatched owner that can choose to be both a buyer and a seller at the
same time. We show that a mismatched owner strictly prefers to either only enter as a
buyer or as a seller for any 0 # 0, where 6 is defined as in Equation (3.15). Intuitively,
since the decision to enter as both a buyer and seller depends ultimately on the value
from entering as a buyer only and the value from entering as a seller only, whenever
entering as a buyer only is dominated by entering as a seller only, then entering as both
a buyer and seller is also dominated by entering as a seller only, and vice versa.
Additionally, we show that our main results continue to hold even assuming that
homeowners are compensated for the value of their housing units when they exit the
economy when g is sufficiently small. As can be seen in Appendix 3.8.F in that case a
modified version of Equation (3.15) determines the critical value of 0 below which a
mismatched owner is better off selling first. In the limit, as g — 0, that modified version

converges to the value of f from Equation (3.15).

House price fluctuations

In this section, we first examine the implications of expected changes in the house price
for the behavior of mismatched owners. We then construct dynamic equilibria with
self-fulfilling fluctuations in prices and tightness. In the entire section we study our

benchmark case, in which R = pp.



3.6. House price fluctuations ‘ 89

3.6.1 Exogenous house price movements

We first show that expected future changes in the house price affect the incentives of
mismatched owners to buy first or sell first. Consider a simple, exogenous process for
the price p. With rate A the house price p changes to a permanent new level py.*> We
compare the utility from buying first relative to selling first for a mismatched owner
before the price change. If the price change occurs between the two transactions, the
mismatched owner will make a capital gain of p — p if he buys first and a capital loss
of the same amount if he sells first. If the shock happens before the first transaction or
after the second transaction, it will not influence the decision to buy first or sell first. To
simplify the exposition we assume that 1y = up = ¢.*3

The price risk associated with the transaction sequence decision creates asymmetry
in the payoff from buying first or selling first. Specifically, at 6 = 1, the difference

between the two value functions D () = VB! — V5! takes the form

D(1)= A0 2
(o+qM+2)(p+pM+1)

Alpn-p). (3.24)

An expected price decrease, leads to a higher value of V5! relative to V51, even if
matching rates for a buyer and a seller are the same. Consequently, V5! > V3! even for
some values of 6 > 1. If the expected price decrease is sufficiently large, so that even
at0=0,D (5) <0, then selling first will dominate buying first for any value of 6 that is
consistent with equilibrium. Similarly, a sufficiently large expected price increase, will
imply that D (8) > 0, so buying first will dominate selling first for any value of 6 that is

consistent with equilibrium. We summarize these observations in the following

Proposition 3.7. Consider the modified economy with an exogenous house price change.
Then for every A >0 and 0 € [Q,@] , a mismatched owner prefers to sell first for sufficiently
low values of pn. Analogously, a mismatched owner prefers to buy first for sufficiently

high values of p™N.

Proof. See Appendix 3.8.C. O

428ince we assume that p = %, one can think of a permanent change in the equilibrium rental rate to
Rp, which leads to a house price change to py = Ry /p.

#3We assume that § remains constant over time, so the only change occurs in the house price p. Also,
for this exercise, we implicitly assume that y — 0, so that V is independent of the house price p.
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3.6.2 Self-fulfilling house price fluctuations

In the steady-state analysis, we showed that the model may exhibit multiple equilibria,
with different market tightnesses. If a high market tightness is associated with a high
price, this may lead to a destabilizing effect on housing prices. In this subsection we
assume that the housing price depends on the buyer-seller ratio as in section 3.5.1 and
on expected future prices, and show that this may lead to self-fulfilling house price
fluctuations.

Suppose that X () € {0, 1} follows a two-state Markov chain. X (¢) startsin X (t) =0
and with Poisson rate A transitions permanently to X () = 1. The realization of X ()
plays the role of a sunspot variable. The price in state 1 is assumed to be given by
a smooth function p; = f(0;). The price in state 0 is assumed to be implicitly given
by a smooth function pg = f (6o, A(p1 — po)), increasing in both arguments, and with
f(6,0) = f(0). We take these relationships as exogenous and reduced form to illustrate
the equilibrium consequences of the interaction of housing prices and market liquidity
conditions with the transaction decisions of mismatched owners. Again we look at a
limit economy as y and g go to zero, keeping x = y/ g fixed.

We consider an equilibrium in which the economy starts out in a “Buy first” regime
(X () = 0) in which 1) mismatched owners prefer to buy first and the market tightness
is Oy = 0, and 2) agents expect that with rate A, the economy permanently switches to a
“Sell first” regime with market tightness 8, = 0. In that second regime, 1) mismatched
owners strictly prefer to sell first, and 2) agents expect that the economy will remain in
the “Sell first” regime forever. Since 0 > 0, it follows that py > p1.4* It is straightforward
to show that as A — 0, the pay-offs when buying first and selling first converge to the
pay-offs without regime switching. Hence, in the limit, buying first in state 0 is an
equilibrium strategy if 6 > 6, while selling first is an equilibrium strategy in state 1 if
0 < 0, where 0 is defined by proposition 3.3. Hence, multiple equilibria exists whenever

Uu—y—u 1
X 2

1+x> (3.25)

u—-y-—-uyg 1+x
This equation is clearly satisfied when u, = u.

Proposition 3.8. Consider the limit economy withg — 0,y — 0 andy/ g = x, and with

the sunspot process described above. Suppose further that equation (3.25) is satisfied.

#Suppose po < p1. Then po = £(0, A(p1 — po)) = f(B). But then py = f(0) > f(6) = p1, a contradiction.



3.7

3.7. Institutional details and conclusion ‘ 01

Then there is a A, such that forA< A, there exists a dynamic equilibrium characterized
by two regimes x € {0,1}. In the first regime, 0y = 0 and mismatched owners buy first. In
the second regime, 01 = 0, p1 < po, and mismatched owners sell first. The economy starts

in regime 0 and transitions to regime 1 with rate A.
Proof. Follows from the discussion above. O

Intuitively, if agents expect the change in regimes to occur sufficiently soon (1
is high), then it can be optimal for mismatched owners to sell first in the first regime
despite the high market tightness, speculating on regimes changing in between their two
transactions. This, however, is inconsistent with equilibrium. Therefore, an equilibrium
with a transition between the two regimes exists only for a sufficiently low regime

switching rate A.

Institutional details and conclusion

In this section we compare the process of housing sales in several countries, and then

provide brief concluding comments.

3.7.1 Institutional details

Actual housing markets in different countries differ in their institutional characteristics.
Naturally, our model of the housing market abstracts from many of these peculiarities.
As a result, the fit between the model and the way that houses are bought and sold may
vary across countries. Nonetheless, we think our model captures essential elements of
housing transactions for many countries, including Denmark, Norway, the Netherlands,
and the United States. In these countries, the institutional set-up for the process of
housing transactions is such that homeowners are concerned about the order of buying
and selling, at least to some extent. In principle, the same issue occurs in the United
Kingdom, but there the phenomenon of housing chains (see Rosenthal (1997)) may
provide a way to accommodate the risks associated with moving in the owner-occupied
housing market. Because of the widespread usage of housing chains in the UK, our

model may be less suited for capturing the way houses are bought and sold in that
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country. Instead it describes more closely the housing markets of countries where
housing chains are rare or non-existent.*

Additionally, in England and Wales buyers and sellers are not legally bound to an
agreed transaction until late in the process, so that both sides easily renege on offers
(Rosenthal, 1997). As a result, if a household is not able to complete a second transaction
as fast as desired, it may just withdraw from a first transaction in order to avoid the
costly period in between. As shown in Appendix G, in Table 9 for buyers and Table 10 for
sellers, commitment to an agreed transaction is significantly larger outside the UK. The
tables show whether the law requires a grace period, what the penalty is for reneging
during and after this grace period, which conditions that allow to dissolve a contract
are usually included in the contract, and for what period parties can still refer to these
conditions. In Denmark (where our transactions data are from) for instance, only buyers
enjoy a grace period of 6 days, in which they can cancel the transaction at a cost of one
percent of the transaction price. Afterwards, buyers are liable for the full amount, while
sellers can be taken to court if they do not transfer the house. Sometimes purchase
offers allow for contingencies such as the ability to secure financing or the approval of
one’s own lawyer, but referral to these conditions requires proof and is restricted in time.
The picture that emerges from the tables is that in Denmark, Norway, the Netherlands,
and the United States it may be very costly to renege on a transaction once a purchase

offer has been made or a conditional contract has been signed.

3.7.2 Conclusion

The transaction sequence decision of moving owner-occupiers depends on housing
market conditions, such as the expected time-on-market for buyers and sellers and
expectations about future house price appreciation. However, these decisions in turn
exert important effects on the buyer-seller ratio of the housing market. This creates
a coordination problem for moving owner occupiers, resulting in multiple equilibria.
Equilibrium switches are associated with large fluctuations in the stock of units for sale,
average time-on-market, transactions, and prices.

The tractable equilibrium model that we study in this paper to show these effects

is deliberately simplified, and so lacks heterogeneity in many important dimensions.

#5There is anecdotal evidence that innovations in mortgage financing in recent years may have
decreased the importance of housing chains in the UK market as well.
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In particular, there is no heterogeneity in the costs of being a double owner versus a
forced renter, which are likely to vary substantially across households and also to vary
over time in response to aggregate shocks. In addition, we assumed constancy of the
rate of mismatch and entry into and exit from the market. Nevertheless, endogenous
fluctuations in y and g are likely to additionally amplify and propagate aggregate shocks.
Enriching the model along these dimensions will allow for a detailed quantitative model
of the housing market, which can be taken to the data. We view this as an important

step for future research.

Appendix

3.8.A Data Description

We use two data sets. The first (EJER) is an ownership register which contains the
owners (private individuals and legal entities) of properties in Denmark as of the end
of a given calendar year. The data set contains unique identifiers for owners (which,
unfortunately, cannot be matched with other datasets beyond EJER for different years).
It also contains unique identifiers for each individual property. The second data set
(EJSA) contains a record of all property sales in a given calendar year. The majority
of transactions include information on the sale price, sale (agreement), and takeover
(closing) dates. Furthermore, they contain the property identifiers used in the EJER
data-set, which allows for linking of the two datasets. The first data set is available from
1986 (recording ownership in 1985) until 2010 (recording ownership at the end of 2009),
while the second is available from 1992 to 2010. Therefore, we effectively use data from
1991 (for ownership as of January 1, 1992) to 2009 (for ownership as of January 1, 2010).

We focus on the Copenhagen urban area (Hovedstadsomradet). We take the
definition of the Copenhagen urban area as containing the following municipalities (by
number): 101, 147, 151, 153, 157, 159, 161, 163, 165, 167, 173, 175, 183, 185, 187, 253,
269.46

We restrict attention to private owners and also to the primary owner of a property
in a given year (whenever a property has more than one owners). Furthermore, we

examine transactions where the new owner is a private individual and which have a

46Dye to a reform in 2007, which merged some municipalities and created a new one, we omit
municipality 190 for consistency.
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non-missing agreement date. We drop properties that are recorded to transact more
than once in a given year. We also remove property-year observations for which no
owner is recorded. This leaves us with a total of 3312520 property-year observations.
These comprise 199812 unique properties and 345943 unique individual owners over
our sample period.

To identify an individual owner as a buyer-and-seller we rely on the information
from the ownership register across consecutive years. First of all, we use the information
on ownership over consecutive years to determine the counterparties for each recorded
transaction in our sample. We then identify an individual owner as a buyer-and-seller if
he is recorded to buy a new property and sell an old property within the same year or
over two consecutive years. An old property is defined as a property which an individual
is registered as owning over at least 2 consecutive years.*” Also, we do not count
individuals that are recorded as holding two properties for two or more consecutive
years, which we treat as purchases for investment purposes.

We conduct this for individuals that are recorded as owning at most 2 properties
at the end of any calendar year in our sample. This comprises the large majority of
individual owners in our sample. In particular, in a given year in our sample from 1991-
2009 there are on average only around 0.4% of individual owners who own more than
two properties in the Copenhagen. Therefore, the majority of individuals hold at most 1
or 2 properties over that period. In particular, on average, around 1.6% of individual
owners hold two properties at the end of a calendar year in our sample. Interestingly,
around 5% of the recorded owners of two properties at the end of a calendar year are
also identified as a buyer-and-seller according to our identification procedure described
above with that number going up to almost 14% at the peak of the housing boom in
2006.

For each individual owner that has been identified as buyer-and-seller, we compute
the time period (in days) between the agreement data for sale of the old property and
the agreement date for the purchase of the new property. Similarly, we compute the time
period (in days) between the closing date that of the buyer-and-seller’s old property
by the new owner and the closing date for his new property. We then denote a buyer-

and-seller for which the time period between agreement dates is negative (sale date

47We make this restriction in order not to misclassify as a buyer-and-seller an individual who acquires
a house, for example as a bequest (which is not recorded as a transaction), which he ends up selling
quickly and then buys a new house with the proceeds from the sale. Adding back those agents has a very
small effect on the pattern we uncover.
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is before purchase date) as “selling first” and a buyer-and-seller for which the time
period is positive (sale date is after purchase date) as “buying first”. We also do the same
classification but based on closing dates rather than agreement dates. Given the way
we identify a buyer-and-seller, we have a consistent count for the number of owners
who “buy first” vs. “sell first” in a given year for the years 1993 to 2008.

In principle, and as Figures 8 and 9 show, working with either of the two identifi-
cations produces similar results. This is not surprising given that the time difference
between the agreement dates and closing dates are highly correlated with a correlation
coefficient of 0.9313. Figure 16 visualizes this strong correlation by plotting a scatter

plot of the two time differences.

3.8.B Equilibrium concept and parameter restrictions for the

basic model

First of all, the steady state value functions for a new entrant, a matched owner, and a

real estate firm satisfy the following equations:

pVE" = u, —~R+q0) (-p+V-VE"), (3.26)

1] 400 a0o

difference hetween takeover dates (days)
-400

-800

-g00 -400 0 400 800
difference hetween sale dates (days)
Figure 16: Difference in agreement dates vs. difference in closing dates, Copenhagen

(1993-2008)
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pV = u+y(max{VE, vS}-v), (3.27)
and
pVA=R+u@ (p-v4). (3.28)
Importantly, in every steady state equilibrium, V satisfies V = V, where V = e
pYTy V™M with V" = %. Hence, V is the value of a matched owner who never transacts.
Therefore, V =V = i #% in any steady state equilibrium.

Parameter restrictions

Sufficient conditions for new entrants, forced renters and double owners to prefer

transacting and becoming matched owners are given by

— R ~

=2y _p, (3.29)
0
"R

Wt v-p, (3.30)
0

and R

+ ~

uzp <V +p. (3.31)

Since u, = uy, we can disregard (3.30), as it is implied by (3.29). Conditions (3.29) and
(3.31) imply restrictions for the values of the house price, p, that are sufficient for these
agents to be willing to transact at p, namely p € [% -V+ %, V- % + %].

From (3.28) a real estate firm is willing to transact if and only if p > %. Therefore,

equilibrium is defined for a house price p, that satisfies

pe (3.32)

{UZ ~ } R ~ un R
max{—2 - 7,00+ = 7- 224 =
p P’ P p

For u — y = max{uy, u»}, which is the condition we will use to characterize equilibria, it

follows that % -V <0 and so the set for prices is given by

(3.33)

Finally, a sufficient condition for V5! > % and VB! > % at0 = 0, with 0 as defined
in (3.15) is
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) Cuy o u- ©)
Assumption 3.A2: <X < pwicé) * (p+u(93t)(P+Q(5))

1#(9)a(6) (g___[_l}

[

Note that % — -L_% </, v, so the right hand side of this expression is lower than the

b pHrp
value of V5! at 0 = 0.

Steady state flow conditions

Before moving to our formal definition, it is necessary to describe the flow conditions
that the aggregate stock variables defined in Section 3.3.2 must satisfy. We have that in
a steady state equilibrium, given a market tightness 6, the steady state values of B, By,

B, S1, S2, O, and A must satisfy the following system of flow conditions:

g=(q© +g)By, (3.34)

(@ S =(q®) +g)By, (3.35)
p@)S2+q ) (B,+By) =(y+g)O, (3.36)
yx,0=(q () +g) B, (3.37)
yxs0=(n©®) +g)S1, (3.38)
q©)B; = (u@)+8)S2, (3.39)
g(O+B1+81+2S) =pu(0) A, (3.40)
Xp+xs=1, (3.41)

where xj;, and x; are the equilibrium fractions of mismatched buyers and sellers,
respectively. Apart from these conditions, the aggregate variables must satisfy the
population constancy and housing ownership conditions (3.2) and (3.3). Finally, the

equilibrium market tightness 6, satisfies

B Buy+By+B

0 = .
S S1+S+A

(3.42)
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Equilibrium definition

We define a steady state equilibrium for this economy in the following way:

Definition 3.9. A steady state equilibrium consists of a house price p, equilibrium rental
rate R, value functions V57, V80 vBl vS2 yS1 v VA4 market tightness 0, fractions
of mismatched owners that choose to buy first and sell first, x;, and x;, and aggregate
stock variables, B,,, By, B1, S1, S2, O, and A such that:

1. The house price p € %, V- % ;

2. The equilibrium rental rate R € [0, u];

3. The value functions satisfy equations (3.5)-(3.8) and (3.26)-(3.28) given 8, p, and

R;
4. Mismatched owners choose x € {b, s}, to maximize V = max{V5!, V51} and the

fractions xj, and x; reflect that choice, i.e.

be/I{xi:b}di,
i

where i € [0,1] indexes the i-th mismatched owner, and similarly for xg;
5. The market tightness 6 solves (3.42) given Bj,, By, By, S1, S2, O, and A;
6. The aggregate stock variables By, By, By, S1, S2, O, and A, solve (3.34)-(3.40) given

0 and mismatched owners’ optimal decisions reflected in xj; and x;.

3.8.C Proofs

Proof of Lemma 3.1

First of all, note that the function D (), defined in (3.13) crosses zero only at 8 = §. To

see this, notice that

lim Do) = 20 _
0—0

0,

and 3
lim D(@) = —2 "% 5
6—o00

Away from these two limiting values, D () > 0, whenever

1 N -
(1—5)(u—x—ug)—uo+u2>0,
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which is equivalent to 0 < 0. Therefore, D (0) > 0 if and onlyiff € (é,oo) and D (0) <0 if
and only if 0 € (0,0). Therefore, D (6) = 0, if and only if

1 - -
(1—5)(u—x—ug)—uo+u2:0,
or 0 = 0. Note that D (6) fully summarizes the incentives of a mismatched owner to buy

first/sell first apart from at 0 = 0 and 0 = oo. To see this, let

Bl _ UK q 0) iy q0) u(0) u-x
= + + V-
p+q® (o+u®)(p+9®) (p+r@®)(p+q®) p
q ) Uy N (6) you—x
p+q@) \p+u@) p+p®) p )
and
I b S ©(0) iy N q0) @) S
p+u® (o+u@)(p+q®) (p+up®)(p+4q©) o
NG G q®)  u-y

p+u@ \p+g@® p+q@) [Y

The functions V5! and V5! give the difference between the value of transacting and
never transacting for a buyer first and seller first, respectively.

By Assumption 3.A2, at 0, VS > % and VB! > X o at 6 =0, VB! >0, and

0
#2@ % 7= % >~0. Furthermore, this lattei inequality holds for any 8 > 8, and
so VB! > 0 for any > 0. Therefore, for any 6 > 0, a mismatched buyer is better off
transacting than not transacting. Similarly, for 6 < § the mismatched seller is better off

transacting than not transacting.

Therefore, for 0 € (0,00), if D (0) > 0, a mismatched owners is better off buying first
(and transacting) compared to selling first (and transacting or not transacting) and
similarly, if D (0) < 0, a mismatched owner is better off selling first (and transacting)
compared to buying first (and transacting or not transacting). At D(0) = 0, he is
indifferent between buying first (and transacting) and selling first (and transacting).

Finally, clearly if @ — oo, VB! — 0, s0 VB! — % = V5!, Similarly, if 0 — 0, V5! — 0,

and so V5! — % = VBl
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Proof of Lemma 3.2

For the case where mismatched owners buy first (x; = 0), the stock-flow conditions are
=(q(0)+q) By,
=(q©) +g) B,
q©0) By = (1) +8)Sz,

=(u@6)+g)A

B,+B;+S+0=1,

and
B,=A+5,.
__8 _q0)+g }
It follows that B, = —2=— q(9)+g and A= u(6)+g’0rA_ u(9)+gB”’ S0 Sy = q(g)+g u(9)+g There

fore, from the equation for 6, we have that By = (0 — 1) Byand O = 1(q®) +g)©O-1) B,.
Substituting into the population constancy condition, we have that

q)+g

1
0B B, — B — 0 6-1)B, =1,
n+ Bn 0+ g n+y(q( )+g)@-1)B,

which, after substituting for B,, and re-arranging we can write as

( 1 1 ) ( 1 1 1 1
+—10+ - =—+-—.

qe)+g vy g +g uO+g) g v

This is exactly equation (3.17). At 0 = 1, the left-hand side equals

1 1 1 1
+—<—+-—.
gl)+g v 8 v

Furthermore, note that ( %) 0 is strictly increasing in 6 and also unbounded.

q0)+g

m - m) is strictly increasing in 6 as well. Therefore, the left-hand side

of (3.17) is strictly increasing in 8, unbounded, and lower than the right-hand side for

Similarly, (

6 = 1. Therefore, it has a unique solution for 6 > 1. We call this solution 6. Furthermore,

by the Implicit Function Theorem, it immediately follows that @ is increasing in y.
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For the case where mismatched owners sell first (x; = 1) the stock-flow conditions

become
g=(q(6)+4q) By,
1(6) S1 = (g (6) + g) Bo,
yO=(u©) +g) S,
g=(nO)+8)A,
B,+By+S5+0=1,
and

B, +By= A
It follows that A = m =By+B,, S; = %A and O = %(u ) +g) %A. Therefore,

substituting for these in the population constancy condition, we have that

1 1 1-0
—A+ = ——A=1.
7 +Y(u(6)+g) 5

Substituting for A, we obtain an equation for 6 of the form

( 1 1) 1 1 1
+—|===+-

u+g v g vy

which is equation (3.18). At 6 = 1, the left-hand side equals

1
pd)+g

1 1 1
o< —+-—.
Yy 8§ 7

Note also that (m + %) % is strictly decreasing in 8 and goes to 0 as 8 — co. Also it
asymptotes to oo as 8 — 0. Therefore, the equation has a unique solution for 6 < 1. We
call this solution 6. By the Implicit Function Theorem, it immediately follows that @ is

decreasingin y. O

Proof of Proposition 3.3

Clearly, Lemma 3.2 that determines the values of 6 and 6 is independent of the agents’
payoffs. With regard to Item 1, a direct application of Lemma 3.1 shows that if € [Q,E] ,
then at 6 = 6 a mismatched owner is (weakly) better off selling first, at 6 = 6 he is

(weakly) better off buying first, and at 6 = 0 he is indifferent. If mismatched owners are
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indifferent, they can randomize, such that = € [Q,@] . This follows since the stock-
flow conditions ensure a continuous relation between the fraction of agents buying first,
Xp, and 0, and observing that 0 = 0, if and only if x;, =0 and, 0 = 5, ifand only if x; = 1,
so that for 6 € [Qﬁ], Xxp € [0,1]. Also, by Assumption 3.A2, they are strictly better off
from transacting than not transacting. Consequently, agents’ actions are optimal given
0 and the steady state value of 0 is consistent with agents’ actions. Considering Item 2,
by the same logic a steady state equilibrium in which mismatched owners buy first and
0 = 0 exists. To see that it is the only symmetric steady state equilibrium, remember
from Lemma 3.1 that mismatched owners only sell first for 6 < 6, which contradicts

0 < 6. The same logic applies to Item 3. O

Proof of Corollary 3.4

For iig = ii» = ¢, 6 = 1. Because Lemma 3.2 shows that 6 > 1 when all mismatched
owners buy first, and 6 < 1 if they sell first, § € [Q, 5] . Then an application of Proposition
3.3 gives the buy first equilibrium and the sell first equilibrium. To see that 8 =1 if half

of the mismatched owners buy first, take x; = x = % We have

1
r50= (9©6)+g) By, (3.43)

and

1
Y50= (L® +g)S:. (3.44)

AtO=1,1(6) = q(0) = u(1), 50 By = S1. Also, B, = A= o&— and By = S, = sluﬁ()ljg.

Finally, population constancy implies that

1 (1) +251+251”(1)+g: n(l1) ,
ud)+g Y pd)+g

which is satisfied for some S; € (0, %) Because mismatched owners are indifferent at
0 =1 for @y = @i, = ¢ by Lemma 3.1, an equilibrium in which half of the mismatched

owners buy first exists at 0 = 1. O
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Proof of Proposition 3.7

Consider the difference between the two value functions, D (8) = V81 — yS1 assuming

that the mismatched owner transacts in both cases.

[UC) (1—%)(u—x—c+}L(VN_UBO))

D@©) =
(p+q(9)+ﬁ)(p+u(9)+ﬁ)
Au®(1-1)g®) (3.45)
+W[PV c]+u® (1+5)A(pn—p)
(0+q© +2)(p+u®+4) '

Consider the case of 1 <0 <0, s0 Vy = = VB 1tV y = VB!, where V5! denotes the value

of buying first after the price change, this difference simplifies further to

uO | (1-§) (1+ 754 (u=x - )+ L+ §) A (pn - p)|

D@©) = (3.46)
(0+q® +A)(o+p©)+41)
Suppose that py < p and define QP 51 asthe solution to
Opr —1 A Alp-px)
PR 7 | = . (3.47)
05 +1 p+q(05F)] (u—x-c¢
Therefore, HP R s the value of 0 that leaves a mismatched owner indifferent between

buying first and selling first he anticipates a price change of py — p and a market
tightness of @ > 1 after the price change. Note that 9 isincreasingin p — py if HP R>1.
Therefore, a sufficient condition for mismatched owners to prefer to sell first, given
1<0<0,isthat 05F > 0.

Similarly, consider the case of § <6 <1, s0 V = V!, where V! denotes the value
of selling first after the price change. In that case the difference in value functions can

be written as

p®|(1-3) 1+ 525 (w-x-)+ (1+ HA(pn-p)]
D) = . (3.48)
(p+q@) +A)(p+p©®) +A)
Suppose that py > p and define GglR as the solution to
PR 1 Alp-
sy, A _Alp=p) (3.49)
O +1\ p+u(07))  (u-x-¢

Hgf, HPR is increasing in p — py if 9§1R < 1. Then, a sufficient

condition for mismatched owner to prefer to buy first, given 0 < 6 < 1is that OglR <. O

Similarly, to the case of
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3.8.D A model with prices determined by Nash bargaining

We show our main analytical result for the model with Nash bargaining under the

following parametric assumptions:

Assumption 3.B1: uy — up = u— uy.

Assumption 3.B2: r (up — (u—x)) + 3p0x > 0.
Assumption 3.B3: 1 (uz — ug) = 2 [r (uz — (u—y)) + 2 pox].

Assumption 3.B4: £ <«*,

o [

where x* > 0 is determined below. The first assumption ensures that buying first
and selling first are equally attractive at 8 = 1. Assumptions 3.B2-3.B4 ensure that the

trading pattern described in the main text emerges in equilibrium.

Proof of Proposition 3.5

Below, we use the notation Z;; to denote the surplus from trade between agents of type

i and type j.

“Sell first” equilibrium existence. We first show that a “Sell first” equilibrium exists
with 8 = 6 < 1. We proceed in two steps. First, we show that no mismatched owner
has an incentive to deviate and buy first when 6 = 8 < 1. This is verified under the
conjecture that Z;; = 0 for all buyer-seller pairs except for Zgs; 5. Second, we verify the
conjecture on the different surpluses.

Step 1. In the limit economy with small flows of a “Sell first” equilibrium candidate,

the faction of buyers who are forced renters is given by

B 0)-ulo
lim — = im A ©)-1(9) =1-0,
g—0y—0,=x B g—0y—05=x g+q (9
_ 1 . .
where 6 = 1——. Similarly, A
lim —=0.
g—»O,y—»O,}%:K S =

Thus,
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S1

1 A
ry5o up— R+ 24 (0) EZABO + Ezswo

1
g =R+ (0) (9 a0+ (1 - 0) Zs1p0),

and similarly,
1
rvB"=u, - R+ 54 (0) (0= aBn+(1-0) Zs18n),

SO
yBn_yBo_ Un~ o (3.50)
r+1q(0)
Also,
rv4 = R+—,u(6)(%(V vEr_vA) + 2 (v - v VA))
= Reop(0)(0(V -V v+ (1-0) (V- V- v4),
or
A R + %”(_) v VB() 0 Up uO)

ra3p(0) r+zu(©)
Analogous to Equation 3.50

vS2_
r+5u(0)
This in turn implies that
Vv er—ug AL ul—uz _vA
r+5u(0) r+5u(0)

Turning to the value functions of mismatched owners, a mismatched seller has a value

function given by

1 Uy — U
Vi =u—y+=-u(0 V—VSI—B”—O,
rVS = u—y+5u(0) 0T

which can be re-written as
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VSl = u—x %N(Q) %#(Q) Up — Ug
- 1 + 1 V- 1 0 1 .
r+zu(0) r+zu(@)  r+zu(0) r+3906)

For the value function of a deviating mismatched buyer, assuming that trade takes place

when he meets a real-estate firm but not when he meets a mismatched seller, writes
B1 1
rv :u—X+§CI(Q)QZAB1-

Or

[+ 30@)) V2 ==y Sul0) (V- v,

Consider the difference between the utilities from buying first compared to selling first.

In the limit we consider, we have that

[r+30@) (v =V = Su(e)

VSZ—VA—V+QM).
p+34q(0)

Substituting for V52 — V4 - V, we get that

VBl _ St = %,u(Q) Up— U 0 Uy — U
resu@) \r+5u@) Tre3q(0)
2K 2 2
Note thatat 6 =1 (i.e. for x =0),
U—u Un— U

+ =0,
r+3u(0) Tr+3q(0)

given Assumption 3.B1. As 6 moves away from 1 toward 0 (x increases), we have that
Ur—u + Upn—U

r+3u(0)  —r+34(0)

mismatched owner to deviate and buy first in an equilibrium in which mismatched

decreases, so VB! < V5! for 6 < 1. Therefore, it is not optimal for a

owners sell first and 6 < 1.
Step 2. We verify that our conjectures for the surpluses are correct. It is clear given
our assumptions that Xgyp; = V- VB! > 0and 5150 = V- V5! > 0. Also, Z 45, = 0. Next,

we show that Zg; 5, > 0. In the limit we consider,
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Ssign = V-VBrayB_ysioy_yst_ HnTH0
r+%q(Q)
v OO0 up-
r+3u(@)  r+3u(6) r+2q(9)
_ r(x+uo—un)+3q(0)x+31(0)(0-1) (un— uo)
(r+3a(0)) (r+31(0)) '

Therefore, at0 =1, X515, > 1 if

1
r()(+uo—un)+5u0)(>0.

Note that given Assumption 3.B1, this is equivalent to

1
r(uz—(u-y))+ SHox >0,
which holds by Assumption 3.B2. Therefore, by continuity of the value functions with

respect to 6, it follows that there is a x; > 0, such that for ¥ < x, Zg5,5, > 0. Next, we

show that Z 45,, > 0. To show, this suppose, toward a contradiction, that X 45, < 0. Then
1 1
TVBn+ TVA Sup+ éq(Q)ZABn'i' E,U(Q)ZABIZ’

where the inequality comes from 245, < 0 < 2518, and Z 4z, < 2 apo, since VB > V50,

Therefore,
rV—u,

1 1
r+34(0) +31(0)
so we arrive at a contradiction. X 45, > 0 also implies that X 49 > 0, since V57 > VB0,

2 ABn =

)

Next notice that
rV—up

Ss2Bn=Zagn+V - V2 +VA=Z g+ ——— >0,
+ zlJ(Q)
Again, this also implies that Zg,p9 > 0. Next, we show that X4, > 0. In the limit we
consider,
1
u— =1 (0
r+zu(0) r+3u(0)
r %IJ(Q)
(v -(u-p) _ m L@ e v (Y
r+3u(0) r+31(6)

L@x

NI'—'

r(uz—(u—y))+
(r+3u(0)

\S]
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At0 =1, Zup > 0if r (up— (u—x)) + 310x > 0, which is our parametric Assumption
3.B2. Therefore, by continuity of the value functions with respect to 8, it follows that

there is a x» > 0, such that for x < k3, X451 > 0. Finally, in the limit we consider

Sap = V2o yBlyyBo_ys
_ Vsz_VB1+rVBO_(1u_X)+R_VA
r+5u(0)
rVBO_(u—y)+R
- (1 N+R
r+51(0)
Atg=1,
T (u —R)+ﬂu—ﬂrVA—(u— J+R
FVBO—(M—X)+R _ r+%u0 0 r+%p0 r+%,u0 X
l’+%uo r+%u0
_ rug+ ot~ ko (rVA=R)—(r+u0) (u—y)
= — )
(r + 210)

Substituting for X 451, we get

r(uo+uz—2(u—yx))+px—3po(rv*-R)
1 2
(r+310)

Therefore, a sufficient condition for Zg;5; <0atf =1 is

25181 =

r(uo+u2—2(u—y))+pox <0,

or

1
r(us—up) =2 r(uz—(u—x))+5,u0)( ,

which is our parametric assumption 3.B3. Again by continuity of the value functions
with respect to 0, we have that there is a k3 > 0, s.t. for x < k3, Zg1p1 < 0. Taking
K = min{k,k2,k3}, we have that for x < «, there is a “Sell first” equilibrium with a
market tightness given by 0 = ﬁ

“Buy first” equilibrium existence. We follow the same two steps to show the existence

of a “Buy first” equilibrium with 8 = 6 > 1. Again, we make the same conjectures on the
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different surpluses as in the case of the “Sell first” equilibrium. In the limit economy,
the fraction of buyers who are new entrants is

where 0 = 1 +x. Also, )
llm ==
g—»O,y—»O,%:K S 0

as well. Therefore, similarly to the value functions in the “Sell first” equilibrium, we
have that

(r+ %u(é)) VA=R+ %u(é)

1 Bn 6-1 S2 B1
—\V=-V +— V=V
0( ) 5 ( )
and

)

(Héﬂ(é)) V% =y + (r+%p(§)) V"H%p(@) V.

Therefore, as in the “Sell first” equilibrium,

V—VSZ:M

/A
)

Also, as in the “Sell first” equilibrium,

yBn_yBo_ Hn— U
r+3q (5)
Turning to the value functions of a mismatched buyer, we have that
rVBl =y —y+ %q(@) (% (V2B _vA) - Ly - VBI)),
For the value function of a deviating agent who chooses to sell first, we have that

1 /(1
s1_ . 1 1
rvoi=u x+2,u(9)(52513n),
since X151 < 0. Then,

1 (= 1 (= 1 (= -
(r+§q(9)) VSl = u—x+§q(9)v+—q(9)%.
r+ 56] (9)
Therefore, the difference between VB! — V5! gatisfies
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3ol -3l

At 0 = 1, we have that

||~
-
+
D=~
=
|
N —
~
+
N
{Q
—
D
SN———

U —u + Un— U
r+%u(5) r+%q(5)

by Assumption 3.B1. As 6 increases, we have that £ 2= 4 ”"_”0) increases, so

=0,

|~

6 r+%u(§) r+%q[5
VBl > V5! for @ > 1. Therefore, it is not optimal for a mismatched owner to deviate and
sell first in an equilibrium in which mismatched owners buy first and 6 > 1.
Finally, we verify that our conjectures for the surpluses are correct. As in the “Sell
first” case, Xg150 > 0 and Xgy5; > 0. Also, as in the “Sell first” case, in the limit we
consider,

Sap = VS2_yBl_yA
L
- yR_yA_yay- YA zqel_LiUﬁZ—VA—Vy+v
r+§q(9) r+%q(9) 0
(r+3a(0)%") w-u 4

Note that at 8 = 1, S4p; in the “Buy first” case is the same as the “Sell first” case.
Therefore, there is a x4 > 0, such that for x < x4 and 0=1+x,2 AB1 > 0. Similarly,

Uy — U,
Ssipn = V—V“+VW—V“:V—V“——lr%}
r+§q(9)

X _ r Un— Up
r+%q(§) r+%q(§)r+%q(§)
r(x+ uo—un)+%q(5))(

(r+4a (@)

which at 0 =1 is again the same as for the “Sell first” case. Therefore, there is a k5 > 0,

)

such that for x < x5, 2515, > 0. A similar argument to the one for the “Sell first” case
also confirms that 2 45, >0, Z4p9 > 0, 2525, > 0 and Zsppo > 0. Finally,



3.8. Appendix ‘ 111

rVBO— (u-y)+R+1q(0)(0-1) (v - vE - v4)

N )
_ (1+ %q(g)(e_l))zABl_'_ rVBO—(u—Z()+R.
r+%q(9) r+%q(9)

- yS2_yBl, _yA

r+

D=

”»

At =1, showing that g5, < 0 in the “Buy first” case therefore follows the “Sell first
case, so that g1 < 0 for k¥ < kg, for some kg > 0. Taking ¥ = min {k4, k5, ks}, we have
that for k <k, there is a “Buy first” equilibrium with a market tightness given by 6 = 1 +x.

Finally, taking x* = min {x,x}, we arrive at the desired result. O

3.8.E A model with competitive search

We define a competitive search equilibrium for the economy described in Section 3.5.3.
Let (22,0) denote the active market segments in the economy, i.e. segments that attract
a positive measure of buyers and sellers. The following equations describe the steady

state value functions of agents. For new entrants we have:

VB =y, —R+ 0)(-p+V—-VEN, 3.51
P L (p,e)me?;,,@){q( )(=p )} (3.51)

Similarly, for a real estate firm, we have

VA=R+ 0)(p- VL. 3.52)
p panax {p© (p-viy} (

For mismatched owners that buy first, we have

pVBL = u—)(+max{0, (pegle% @){q(@) (-p+ vS2_ VBl)}}, (3.53)

where the value function takes into account the possibility that a mismatched buyer

may be better off not searching. Similarly, if the mismatched owner sells first, we have

pVSl:u—)(+max{0, max {u() (p+VBO—V51)}}. (3.54)
(p.0)e(22,0)
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A double owner solves

V2 =1+ R+ 0)(p+ V-V, 3.55
o p (pﬁ)meg,@){u( ) (p )} (3.55)

while a forced renter solves

VB = yy—R+ 0)(-p+V-VBE, 3.56
p 1o (p,g)m;;’@){q( )(=p )} (3.56)

Finally, for a matched owner we have
pV = u+y(max{V: vl —v). (3.57)
Next, we describe the steady state stock-flow conditions. Let

(pB”,HB”) € (@B",(DB”) = arg{r;ae))({q @ (-p+V- VB”)} c (22,0) (3.58)

denote a market segment that maximizes the value of searching for a new entrant. We
define (p/,67) and (9?/,0/) analogously for an agent type j € {4, B1,S1, B0, S2}. For
agents j € {B1, S1}, we adopt the convention that e/ =gif they choose not to search.

We have the following stock-flow conditions

g= (Z xB"(0)q(0) +g|Bn, (3.59)
0e®
Y O p®) S = (Z xB%(6) q0) + g) Bo, (3.60)
0€® 0e®
yx,0=|Y x®1 @) q©0) +g|Bi, (3.61)
0e®
yx,0=|) xS @) u®) + g) St (3.62)
0e®
Y B @) q©0) B = (Z X520 0 +g|S,, (3.63)
0e® 0e®
gO+B1+81+25) =) x* (@) u® A, (3.64)

0e®

Xp+xs=1, (3.65)
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with
Y x/ (@) =1Vje{Bn, A B0,S2}, (3.66)
0€O

where x/ (0) = 0if 6 ¢ ©/ and, if a mismatched buyer/seller chooses to search,

Y x/ () =1for j € {B1,S1}, (3.67)
6O
with x/ () = 0if 6 ¢ ©/. In the above expressions x/ (8) = 0 is the vector of mixing proba-
bilities over segments in O for an agent j € {Bn, A, B1, S1, B0, S2}. Market tightnesses in
each segment are given by
xB"(6) B, + xB1 (0) B, + xB°(0) By

0= xA0) A+ x52(0) S+ x51(0) S, (3.68)

where x/ (0) =0if6 ¢ ©/.

Finally, we have the population constancy and housing ownership conditions
B,+By+B1+8+S5+0=1, (3.69)

and
O+B;+85+A+25 =1. (3.70)

Following Moen (1997), we additionally require that the active market segments
(22,0) are such that the equilibrium allocation is a “no-surplus allocation”. Formally,

we make the following requirement.

No-surplus allocation. Let 98 < {Bn,B1,B0} and . c {A, §1, 82} denote the sets of
active buyers and sellers in a steady state equilibrium, that is agents that have a
strictly positive measure in steady state. Given the set of active segments (£?,0) and
agents’ steady state value functions {V 57, VBl B0 y4 81 yS21 there exists no pair
(p,0) € (22,0), such that V' (p,0) > V', for some i € {Bn,B1,B0}, and V/ (p,0) = V/
for some j € %, or Vi (p,0) > V!, for some i € {A, S1,52}, and V/ (p,0) = V/ for some
j € %, where V' (p,6) denotes the steady state value function of an agent that trades in
segment (p,0), for i € {Bn, B1, B0, A, S1, S2}.

Informally, the no-surplus allocation condition requires that in equilibrium there

are no agents that would be strictly better off from deviating and opening a new market
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segment that would be at least as attractive for some active agents (buyers or sellers)
compared to their equilibrium values.
We can now define a symmetric steady state competitive search equilibrium of this

economy as follows

Definition 3.10. A symmetric steady state competitive search equilibrium of this
economy consists of a set of active market segments (22, ), steady state value functions
yBn yBO yBl yS2 ySLy A fractions of mismatched owners that choose to buy
first and sell first, x;, and x;, aggregate stock variables, B,,, By, B;, S1, S2, O, and A,

distributions of agent types over active market segments {xj } and set

jeiBn,A,B1,51,B0,52}’
of active buyers and sellers, 28 and .##, such that
1. The value functions satisfy equations (3.51) - (3.57) and the mixing distributions
x/} jare consistent with the agents’ optimization problems.
2. Mismatched owners choose to buy first or sell first, in order to maximize V =

max {VB!, V511 and the fractions x;, and x; reflect that choice, i.e.

be/I{xi:b}di,
i

where i € [0, 1] indexes the i-th mismatched owner, and similarly for x;;

3. The aggregate stock variables B,,, By, B;, S1, S2, O, and A, solve (3.59)-(3.64) and
(3.69)-(3.70) given O, {xf } i and mismatched owners’ optimal decisions, reflected
in x, and x;.

4. Every 0 € O satisfies equation (3.68) given B,;, By, B, S1, Sz, O, A, and {xj}j;

5. The set of active buyers and sellers, 98 and .#, is consistent with mismatched
owners’ optimal decisions;

6. (£2,0) and agents’ steady state value functions satisfy the no-surplus allocation

condition.

Proof of Proposition 3.6

Consider first the “Buy first” equilibrium as described in section 3.5.3. In this “Buy
first” equilibrium there are three active market segments characterized by prices pf 1>
pEl > pBl and market tightnesses 651 < 081 < 95!, New entrants trade with real estate
agents in market 1 and with double owners in market 2, while the latter also trade

with mismatched buyers in market 3. Let x3” denote the probability with which a new
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entrant visits segment ( pf L Bf 1), and x52 the probability with which a double owner

visits segment (p5!,051). The stock-flow conditions for this equilibrium are

g

B, = , (3.71)
TP (0F")+ (1-xPn)q(05") + 8
g
A= ——— ) (3.72)
n(O)+g
YO
B =——F—, (3.73)
q(05") +g
021 B
Sp= —— 96 )5; — (3.74)
xS2p(071) + (1 -x52) u(05") + g
B,+B1+S,+0=1, (3.75)
and
B,=A+S,. (3.76)
The market tightnesses in each active segment satisfy
Bn
B
pir=2_2n 3.77
1 " 3.77)
Bn
Bl _ (1 —X )Bn
2 = xSZSZ ’ (378)
and
B
0 = ———. 3.79
3 =)s, 3.7

Observe that (3.71), (3.72), (3.76), and (3.77) imply that xB" < 1, as otherwise, (3.71),
(3.72) and (3.77) give
B, _u(67)+sg

g{“: =
A q(07")+g

(3.80)
which has a unique solution at 9113 ! = 1. However, this is inconsistent with (3.76).

Let X;}, for i € {By, By, B1} and j € {4, S, S»} denote the match surplus from trading
between a buyer i and seller j. The no-surplus allocation condition determines the
equilibrium prices in each segment as a function of the steady state values of agents.
Define
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—B
V"= q (08 (-pPt+ v - vEY

=q(07") (-ps' +V-VF"),

—A

Vo= (07 (prt - v,
Bl _ B1 Bl S2 Bl
Vi o=q(03)(-p; +V*-V7),

and o
V% = (05" (5 + vV - V)
=p(05") (p5" +V-V),
as the maximized value of searching for each trader. The no-surplus allocation condition
implies that

(pF.07") =argmgxu @ (- v,

st.q@(-p+V-vE)=V"

Denote the elasticity of the matching function with respect to buyers by a (which may

depend on 0). Solving for pf land 9{3 ! gives the well-known Hosios rule (Hosios (1990)),
pil=VA=(0-a)Zpua,

or equivalently,
pPl=(1-a) (V- VB") +aVA

Therefore,

v = aq(07")Zpna=aq(08") Zpns2,

or
q (07" Zpna=q(05") Zpnse- (3.81)

We have similar surplus sharing rules between the other trading pairs, which determine
pf land pg 1. There is one more indifference condition for a double owner that relates
953 Land Bf 1. Specifically,

1(02Y) Zpns2 = 1 (051) Zp1s2. (3.82)

These surplus sharing rules imply that the value functions of active agents satisfy the
equations
pVE" = u, —R+aq(05") Zpus2, (3.83)
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pVA=R+ (1 -a)u(02")Zpna, (3.84)
pVB =u—y+aq(65') Zpis2, (3.85)
PV =y + R+ (1—a) u(05") Zpnsa, (3.86)
and
pV=u+y(VE -v). (3.87)

Finally, use V3" and V52 from (3.83) and (3.86) to solve for

20V —uy—up

. 3.88
p+aq(08)+ 1 -a)pu(65) (3.88)

2Bns2 =

Similarly, using V3" and V4 from (3.83) and (3.52), combined with indifference

condition (3.81), to solve for

Spaa=V-VBT_vA= : (3.89)
fnd p+aq(08)+1-a)u(68)
Solving for V2! from equation (3.85), we get
yBlo 4" X aq(05")
p+aq(07') p+aq(6")
SO
pV—(u-y)

2z —y-yBl=-— 27 3.90
B1S2 o+ aq (0P (3.90)

Therefore, equations (3.71)-(3.79), combined with the two indifference conditions
(3.81) and (3.82), and the value function equations (3.83)-(3.87) with surpluses (3.88)-
(3.90) jointly determine the equilibrium stocks of agents, market tightnesses, mixing
probabilities x2” and x%2, and active agent value functions in a “Buy first” equilibrium.

We now prove existence of this equilibrium when y and u, are small, and uy is
strictly smaller than u,,. Note that 528! = vV — VB! > 0 for any u,, but that limy_oV =
lim, ¢ VBl = %, so that lim,_.oZp1s2 = 0. This in turn implies that lim, ¢ 951 =00
and limy .o x%2 = 1. To see this, suppose to the contrary that as y — 0, 9331 remains

bounded and thus x%2 is strictly below one. Therefore, p (931)3 1) Zg1s2 — 0, so indifference
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condition (3.82) implies that u (95 1) Zpns2 — 0. Given (3.88), this in turn means that

05 1 _, 0 and thus x2" — 1. However,

. 20V —up—up
lim g (621 x =
951—»0(]( 2 ) BnS2 a

which is inconsistent with x2 — 1. To see this, remember from (3.80) that Hf“ —1las

xB" = 1. Because

V—-u
lim q(67')Zpna= % <pV-u,<
9{91—4 m-ﬁ-l (04

20V —uy—up

in this case new entrants would be strictly better off participating in the second market
segment. Thus, we arrive at a contradiction.

As 951 — 00, g (6§ 1) — 0, and mismatched owners do not buy to become double
owners: Sy — 0. Without trading partners in market 2, all new entrants visit market 1:

xB" — 1 and thus 08! — Z2 — 1. In this case, V5" from (3.83) is given by

1
limpVB" = u, + aq)
=0 p+q(l)

(u—uy) — R, (3.91)

which is strictly between 0 and pV/, as long as R is not too large. Similarly, using that

(1) = g(1), VAis given by

limpVA =R+ —(1 —0)q()

—Unl) 92
lm o q) (u—up) (3.92)

which is also strictly between 0 and pV if R is not too large. As a result,

lim (V4 + vBr) = 22 q1) u-uy
=0 p p+ql) p

)

which is strictly between 0 and V. By continuity, there exists a y; > 0 such that for
x €(0,7,), itis the case that 5,4 >0, x5 € (0,1) and 65! € (0, 1), but also Zg;52 > 0.
With VB as defined in (3.91) above, it follows that V52 is uniquely determined as

pVS = magx{uz +R+u@)(V+p-vsHl,
subject to u, — R+ q(0)(V — p— VB") = pVB", Note that V5 goes to negative infinity
for any y > 0 when u, does. To see this, suppose to the contrary that V52 remains
bounded when u, goes to negative infinity. Then u(6) must go to infinity, and hence

0 must go to infinity. But then g(0) goes to zero, and for the new entrants to get their
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outside option, p must go to —oco. In this case V52 still goes to negative infinity, so
that we arrive at a contradiction. Consequently, for any y > 0 there exists a ﬂg 'such
that for u, < 75", V52 is sufficiently low such that both £z, 4 = V52 - VA - VBl <0 and
Sgns2 =2V -VB1_yS25 5, . >0. We can then conclude that there is trade in markets
1, 2, and 3, but that real estate agents and mismatched buyers do not open a fourth
market.*®

Furthermore, it follows that for any u, < ﬁf ! there exists a X2 > 0 such that for
x € (0,%,), it is the case that g,s2 > £p152. Given this ranking and the fact that £g,4 <
Y gns2, the ranking of tightnesses across segments then follows from the indifference
conditions (3.81) and (3.82). Having established the ranking of tightnesses, the ranking
of prices across segments immediately follows from the indifference conditions as well.

Specifically, (3.81) implies that
q(67") (~pi' +V-VE") = q(65") (-p2t +V-VE"),

or
q(077) _—py + V-V

9(657) " —pFTe vy

681 < 02! and g () decreasing imply that pP! > pBl. Similarly, (3.82) implies that
pfl > pfl. Finally, note that Zg,5» > Xp1s2 implies that V — VBn 5 82 _yBl g4 a new
entrant is more impatient than a mismatched buyer in the sense that the direct utility
gain from transacting is higher for a new entrant compared to a mismatched buyer.*?
Consider now a mismatched owner that deviates and sells first, and upon trade
becomes a forced renter. We allow both a mismatched seller and a forced renter to
open new market segments with active agents as counterparties. First, observe that
VB7 > VB0 for any y > 0, that is, a new entrant is always better off than a forced renter.
This ranking comes from the assumption that uy < u,, and from a revealed preference
argument. Specifically, suppose to the contrary that V2% > V57 Suppose also that

it is optimal for a forced renter to trade with a real estate firm (the argument for the

48For market 2 to be active, it is sufficient for u, to be low enough to ensure Xpg,s2 > 0, even if
Zgns2 < Zpna. However, uy < ﬁg ! ensures the ranking of tightnesses and prices proven next.

49This also implies that a new entrant has steeper sloped indifference curves in the  — p space, so he
is willing to trade-off a higher price for the same decrease in market tightness compared to a mismatched
buyer.
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case where the forced renter trades with a double owner is analogous). The no-surplus

allocation condition again implies that the Hosios condition holds, so
pVP=uy—R+aq(0)(V-vE-v4),

where 0 is such that a real estate firm is indifferent between trading in this new segment
and trading in the segment with a tightness of 9{3 'and a price of pf 1. In contrast, we
have that

pVE" = u, —~R+aq (69" (V-VE"-v4).

Since ug < u, but VB > V8" wehave g (0) (V - VB - v4) > g (681) (v - VB - v4)
andso 0 < 9{3 1. But then a new entrant is better off deviating and trading in the segment
with tightness 0, since q(0) (V- VE"-V4) > q(68) (V- vB"-V4). Furthermore,
given that VBO 5 vBn 3. 41> Zgoa, SO a real estate firm is in fact also strictly better
off trading with a new entrant in the segment with tightness 6. However, this is not
consistent with (p¥!,6081) not violating the no-surplus allocation condition. Therefore,
in an equilibrium where ( pf 1,0? 1) are consistent with the no-surplus allocation, we
must have ¢ (0) < q(08!). However, this means that V8 < V", and we arrive at a
contradiction.

We conclude that V8% > VB and 25,4 < Zgo4, so that a forced renter is the most
impatient of the buyers. The forced renter will therefore trade with a real estate agent,
the most patient of the sellers. A new submarket opens up, and real estate firms flow
into this submarket up to the point where they are indifferent between selling to the
deviator and to a new agent. Now suppose the deviating mismatched owner sells to a
new entrant. Then the match surplus reads
u—x

P

Spus1 =V -VE L vBO_ySl oy _yBn yBO

Given that V8" — V50 is bounded away from zero for any y > 0, there exists a ¥3 > 0 such
that for y € (0,3), it is the case that £p,s; < 0. Note, however, that £g,s1 > Zp11 for
X < X, since, as shown above, in that case V — V5" > V52 — VB! ‘meaning that a new
entrant is more impatient than a mismatched buyer. Therefore, for y < min{¥;,x» X3},
ZB1s1 < ZBns1 <0 and Zgys2 > 0. In that case a mismatched owner that deviates and
sells first is better off not trading. However, not trading is dominated by buying first
since VB! > %. Therefore, a mismatched owner is never better off deviating from

buying first in a “Buy first” equilibrium.
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Constructing a “Sell first” equilibrium follows similar steps. In this equilibrium there
are three active market segments characterized by prices pfl < pg < pgl and market
tightnesses 0131 > 051 > 951. Real estate agents trade with new entrants in market 1 and
with forced renters in market 2, while the latter also trade with mismatched sellers in
market 3. Let x* denote the probability with which a real estate firm visits segment
(pi',651), and xB° the probability with which a forced renter visits segment (p3!,65').

The stock-flow conditions in this case become

4
B,=—2S8 (3.93)
"0 +g
8
A= : (3.94)
xAp(07") + (1-x4) u(03) + g
S YO (3.95)
1 = —’ .
p(O3) +g
(051
By = , 3.96
7 g 05+ (1- x™) g (03) + g 590
B,+By+S5+0=1, (3.97)
and
Bn+By= A (3.98)

The market tightnesses in each active segment satisfy

B
S1 n
=—", 3.99
1 T A ( )
B0
X B()
631 3.100
2 == (3100
and 50
1-x°")B
951_( ) 2 (3.101)
S1

Similarly to before, observe that (3.93), (3.94), (3.98), and (3.101) imply that x4 <1, as
otherwise, (3.93), (3.94) and (3.101) give

981_ Bn _ u(9f1)+g
| =—=—

A q67")+g

which has a unique solution at 6151 = 1. However, this is inconsistent with (3.98). As

before, the no-surplus allocation implies that the match surpluses between trading
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pairs are split according to the Hosios rule. Consequently, there are two indifference

conditions for real estate firms and forced renters given by

(05" Zpna=p(65") Zpoa, (3.102)
and
q(05")Zpoa = q(03") Zpos1, (3.103)

respectively. In addition, the surplus sharing rules imply that the value functions of

active agents satisfy the equations

pVE" =y, —R+aq(07")Zpna, (3.104)
pVA=R+ (1 -a)u(67) Zpna, (3.105)
PV =u—y+(1-a)q(05") Zposi, (3.106)
pVE = 1y — R+ ap(03') Zposi, (3.107)
and
pV=u+y(VS'-Vv), (3.108)

Finally, the above value functions allow us to solve for the surpluses as follows:

V—-u

Spoa=V—VBT_yA= pY = Un . (3.109)
Bnd p+aq(03')+ 1 -a)pu(65")
V—-(u-

Spos1 =V -Vl = V- X)Sl, (3.110)

p+1-a)u(63!)

and v

SBoA = pY % 3.111)

p+aq(03t)+1-a)u(0sh)

The stock-flow and market tightness equations (3.93)-(3.101), combined with the
two indifference conditions (3.102) and (3.103), and value functions and surpluses
(3.104)-(3.111) fully characterize the equilibrium stocks of agents, market tightnesses,
mixing probabilities x# and x®°, and active agent value functions in a “Sell first”
equilibrium. We now prove existence of this equilibrium when y and u, are small,
and uy is strictly smaller than u,.

Note that o5 = V — V8 > 0 for any uo, but that lim,—¢ V = lim,_, V5! = £, so

o
that limy .o Zpos1 = 0. Then, a set of arguments similar to the case of the “Buy first”
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equilibrium shows that limy_o 65! = 0 and lim,_( x?° = 1, so that lim,_o u(65') = 0
and limy_o By = 0, implying that limj_¢ x4 =1 and lim, 9{31 = 1. As a result,
lim, g VB™ and lim, g V4 are the same as in the “Buy first” equilibrium, and there
exists a ¥, > 0 such that for y € (0,%,), it is the case that 25,4 >0, x € (0,1) and Hfl >1

but remains bounded, while Zgps; > 0. As a result, markets 1 and 3 are active.

Following the same arguments as in the “Buy first” equilibrium, it is then the
case that VB > V80 also as y — 0, so that 0 < Zp,4 < Zpoa and market 2 is active.
Furthermore, there must exist a y5 > 0 such that for y € (0,%5), it is the case that
2BoA > ZBos1, since limy .o Zpos1 = 0. This ranking implies that —VA> VBO_ySl 5o
that a real estate firm is more impatient than a mismatched seller in the sense that
the direct utility gain from transacting is higher for a real estate firm compared to a
mismatched seller. The ranking of tightnesses and prices across segments then follows
from the indifference conditions (3.102) and (3.103), similar to the case of a “Buy first”
equilibrium. The fact that V8" — V50 is bounded away from zero also implies that
there exists a exist a 5 > 0 such that for y € (0,%,), a mismatched owner and a new
entrant will not open a fourth market, because limy_.o V = limy_.g VSt = % and thus
Spnst =V = VS 4+ VBO_yB7 < 0 for a sufficiently small y.

Now consider a mismatched owner that deviates and buys first. Potential sellers are
real estate firms and mismatched homeowners, and upon trade the deviator becomes a
double owner, who can open up new market segments with new entrants and forced
renters. Note that V52 falls without bounds as u, does, because a deviating double
owner has to offer new entrants or forced renters their market value, following a similar
argument as in the “Buy first” equilibrium. Then there exists a ﬁg ! such that for all
Uy <y itis the case that £p; 4 = V52— VA— V" <0, so that a deviating mismatched
owner does not buy from a real estate agent. Note, however, that Xp151 < Zp14 <0
for y < x5 since, as shown above, in that case —yA> yBO_ ST meaning that a new
entrant is more impatient than a mismatched buyer. As a result, a mismatched owner
that deviates and buys first is better off not trading. However, not trading is dominated
by selling first since V5! > %. Therefore, a mismatched owner is never better off

deviating from selling first in a “Sell first” equilibrium.

Finally, setting ¥ = min{¥, X2 X3 X4 X5 Xo} and &z = min {ﬂf Lus! }, we arrive at

our result. O
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3.8.F Additional extensions

Simultaneous Entry as Buyer and Seller

We assume that a mismatched owner can allocate a fixed amount of time (normalized
to 1 unit) to search in the housing market as a buyer or a seller. A mismatched owner
that chooses to enter as a buyer or seller only allocates all of his time to one activity.
Otherwise, a mismatched owner that enters as both a buyer and a seller can allocate a
fraction ¢ € (0, 1) of his time to searching as buyer, and searches the remaining 1—¢ of his
time as seller. For a given market tightness 0, the value function V> for a mismatched
owner that enters as both buyer and seller satisfies the following equation in a steady

state equilibrium:
pVSB = u—y+(1-p)u@ max{o,p+ V5 -Vl + pq @) max{0,—p + V- V551,
We then show the following

Proposition 3.11. For0 € (0,0), VS! > VSB, forany ¢ € (0,1). Also, for6 € (6,00), VB >
VSB, for any ¢ € (0,1).

Proof. To show the first part, suppose the opposite, so V! < V58, Then

©(@) max{0, p+ VB - vS1 <
(1-)u @) max{0, p+ VE — V58 + g () max {0, - p + V52 - V5B}

Under the assumption that V5! < VS8 and since we know from Lemma 3.1 that VB! <
V! for 6 € (0,0), it must then be the case that

©(@) max {0, p + VB - v} <
(1 - ) (@) max{0, p + VB — VS 4 g (0) max {0, —p + V52 - VB,

which does not hold because () (p + V2% - vS1) > 0 for 6 € (0,0) by Assumption 3.A2,
and because u(9) (p+ VB -VS) > g @) (-p+ V2 - VB for 6 € (0,0), as in Lemma
3.1.
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To show the second part, suppose the opposite, so VB! < V5B, Then

q(0) max{0,p+ V- V5] <
(1-@)u @) max{0, p+ VE — V58 + g () max{0, - p+ V52 - V5B},

Under the assumption that VB! < V58 and since we know from Lemma 3.1 that V5! <
VBl for 0 € (6,00), it must then be the case that

q(0)max{0, p+ VS - VB <
(1 -p)u @) max{0, p+ VE — V11 1+ pq (@) max{0,—p + V? - VB

which does not hold because g () (—p + V52— VB1) > 0 for 0 € (§,00) by Assumption
3.A2, and because u@) (p+VE VS < q@) (-p+VS2-VE) for 6 € (6,00), as in

Lemma 3.1.%0 O

Finally, note that under payoff symmetry (i.e. &g = @i = ¢) the possibility to enter as
both buyer and seller while allocating each an equal amount of time can result in an
equilibrium with a market tightness of 8 = 1. Specifically, at0 =1, u(0) = q(0) = u(1).
At these flow rates it can easily be seen that if iiy = iip = ¢, then VB! = V5! = VS8 for any
¢. Finally, a tightness of 6 = 1 can result from mismatched owners entering as buyers
and sellers simultaneously and allocating each an equal amount of time (so ¢ = 0.5).

This is analogous to the equilibrium described in Proposition 3.4, with the only
difference that now agents follow symmetric strategies compared to asymmetric
strategies with one half of mismatched owners buying first and the other half selling
first.

Homeowners compensated for their housing unit upon exit

Suppose that upon exit homeowners receive bids for their housing unit(s) from a set of
competitive real estate firms. Therefore, given that the value of a housing unit to a real
estate firm is V4 (8), homeowners receive V4 () for each housing unit that they own.
Again, we consider a steady state equilibrium with a fixed market tightness 6. We define
i (0,8) =up+A—-gV~A(0) and it (0, ) = up — A+ gVA(0). Note that V4 (6) is (weakly)

increasing in 0, so ii, is increasing in 6 and i is decreasing in 0;

50Note also that for 8 = 0 and 8 — oo, mismatched owners are indifferent between remaining
mismatched and any search strategy, because V5! = V5! = V5B = %, but that such tightnesses cannot
occur in steady state by Lemma 2.
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Given this definition, the difference between the values from buying first and selling
first (assuming a mismatched owner transacts in both cases), D (6) = VB! — V5!, can be

written as

D) = 1 (60) [(

1 7 ~ ~
(p+q©@)(p+p©®) 1__)(”_75_ iz (0,8)) — o (0,8) + 2 (6,8) |-

0
Let O be defined implicitly by

u—-x—i(0,g)
u-y-1ip(0,8)

0

whenever that equation has a solution.>! Note that in the limit as g — 0, assumption
Al will hold. Therefore, for g sufficiently close to zero, we will have that u -y >
max{il (0, g), i (0,8)}, forallf e [Qﬁ], and so a version of Lemma 3.1 will hold in
this case as well. Given this result one can then easily construct multiple steady state

equilibria as in Proposition 3.3.

A fixed price as the outcome of take-it-or-leave-it offers under private information

In this section we show that a fixed price equal to the present discounted value of rental
income can be microfounded as the outcome of bargaining under private information
about types, with full bargaining power for buyers. Suppose therefore in this section that
buyers make take-it-or-leave-it offers, but do not know the type of the seller. However,
buyers do know the fractions of the types in the economy. Because of heterogeneity
among sellers, their reservation prices vary. Matching is still random, so that buyers
cannot direct their search to the seller type with the lowest reservation price but meet a
particular seller type with a probability equal to their proportion in the population of
sellers. The question is then whether buyers, upon meeting a seller, make an offer that
only sellers with a low reservation price would accept (and thus trade only if they have
met a seller of this type), or make an offer that all sellers would accept (and therefore

trade for sure).

5INote that the above equation for 8, whenever it has a solution, has a unique solution for any g = 0,
since given the properties of iy and iy, it follows that the right hand side of this expression is (weakly)
decreasing in 8. Furthermore, the right hand side is strictly decreasing in g for any 0 > 0, so by the implicit
function theorem, 0 is decreasing in g.
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We consider the symmetric case with iy = i, = ¢ (which for p = % amounts to
Uy = uy = c), so that @ = 1. In addition, we maintain Assumptions Al and A2 and assume
that u, < u—y, so that both mismatched owners and new entrants are strictly better
off to enter the market. As in the model with symmetric Nash bargaining, we focus
on steady state equilibria with value functions, market tightness 6, and the stocks of
different agent types constant over time. Moreover, although results hold more generally,
we again consider a limit economy with small flows where g — 0 and y — 0 but the
ratio % = «x is kept constant in the limit. Remember that in this case  — 1+« and
60— ﬁ We will show that under these conditions both in a “Buy first” and in a “Sell
first” equilibrium no buyer has an incentive to deviate from targeting both types of
sellers by demanding a lower price than the unique prevailing price p = %.

Still denoting the value of a matched owner that remains passive upon mismatch by
V, note first that at § = 1 Assumption A2 can be simplified to

2

L SO S R
P PtHo  (p+ po) (p+ o)
D S S /4

P ptpo Ptio

©0<p(c—(u=—x))+po(pV-(u-x)),

which, for future reference, is not greater than p (¢ — (u—x)) + o (0V - (u-x)).

Under the unique price to be proven, the value functions are given by equations
(3.5)-(3.8) and (3.26)-(3.28), given 6 and R. We first show that in an equilibrium in which
mismatched owners “Buy first”, buyers have no incentive to demand a lower price than
p= %. In such an equilibrium there are two types of sellers: double owners and real
estate agents. As before, the lowest price that a real estate agent would be willing to
acceptis pA=V4= %. The lowest price that a double owner would be willing to accept
is p52 = V52 — V. Substituting these prices in the value functions, in an equilibrium with

price dispersion p5? < p4, since
p(V-V -V =y +R+p@0) (p?+V-V5)—pV-R-pu@® (p*-v4),

sp(VR-v-vY =u-pV<o,
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s V2 _y<vA,

For that reason, under full information buyers would like to buy from a double owner,
but the question is whether under private information they will make an offer that only
double owners would accept. Note that for any p = p? double owners are willing to
sell, while for p < p5 they are not. As a result, since buying a house is preferred to
being passive, among all possible deviations no offer is more profitable than demanding
V52 — V. The proof can therefore be restricted to this deviating offer. Note also that
a deviating mismatched seller has zero mass, so that its presence doesn't affect the
take-it-or-leave-it offers that buyers make.

First considering new entrants, for them to demand p it must be the case that

Substituting prices and using that S = S, + A yields

A R\ S R
—(V—VB"——)E—Z(V—VSZ+—). (3.112)
S [ S [
From the value functions we have that
R R
p(V—VB”——) :pV—un+R—q(9)(V—VB”——) ~R,
1Y 1Y

R
< (p+q) (V— VB - 5) =pV —uy,
and

R R
p(V—V52+—) :pV—ug—R—,u(H)(V—VSZ+—)+R,
P P

@(p+u(9))(V—VSZ+§ =pV - up. (3.113)

Moreover, in the limit we consider, we know from the section on Nash bargaining that

£ % and S—SZ = 90%1, so that (3.112) amounts to

|

%(p+,u(§))(pV—un)2 :1 (p+q(§))(pV—u2).

where both sides are positive, but where the right-hand side can be made arbitrarily

close to zero by moving closer to 0=1. Therefore, it follows that there is a k7 > 0, such
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that for ¥ < k7, new entrants in a “Buy first” equilibrium demand p = % upon meeting
a seller. Substituting ug for u,, the same condition holds for a deviating mismatched
seller, and then becomes a forced renter. Therefore, there is a kg > 0, such that for x < kg,
forced renters in a “Buy first” equilibrium make the same offer.

For mismatched owners that buy first to demand p it must be the case that

A R\ S R
@—(VSZ—VBI——)Z—Z(V—V52+—). (3.114)
S P P

Rearranging the value functions yields

R R R
p(VSZ—VBl—E):u2+R+,u(6)(V—V32+E)—R—(u—x)—q(@)(VSZ—VBI—;),

< (p+q ) (VSZ—VBl—g) = uz—(u—x)+u(6)(V—V52+§). (3.115)

Substituting the steady state fractions and (3.115) into (3.114), in the limit we consider

we have that

%(ug—(u—x)+u(§)(§+V—VSZ)) z%(mq(é))(‘/—vshg),

Up—(u—yx) = [(5—1) (p+q(§))—u(§)] (V—V32+§).
Substituting (3.113) yields

o +0) =02 [[71) o () 47 0¥ ).

@p(uz—(u—)())+u(§) (pV-(u-y)= (5—1) (p+q(§))(pV—u2).

The left-hand side is positive for any 6 = 1 by Assumption 3.A2. Moving 6 towards 1 can
make the right-hand side arbitrarily close to zero, so that there exists a kg > 0, such that
for x < x9, mismatched owners that buy first in a “Buy first” equilibrium demand p = %
upon meeting a seller. Taking ¥’ = min {k7,kg,k9}, we have that for x < k', all buyers
demand p = % upon meeting a seller in a “Buy first” equilibrium with a market tightness
givenby 0 =1 +«.

Secondly, we show that in an equilibrium in which mismatched owners sell first,

buyers have no incentive to demand a lower price than p = %. In such an equilibrium
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there are two types of sellers: mismatched owners that sell first, and real estate agents.
The lowest price that a real estate agent would be willing to accept is still pA = VA = %.
The lowest price that a mismatched owner would be willing to accept is pS! = VS - VB0,
It must be the case that V2% — V5! + p4 > 0, because mismatched owners don’t remain
passive by Assumption 3.A2. It follows that pS! < p4, so that with full information
buyers would like to buy from a mismatched owner. Again the question is whether
under private information buyers will make an offer that only mismatched owners
would accept. Similar to the “Buy first” equilibrium, the proof can be restricted to the
deviation of demanding V5! — VB,

First considering forced renters, for them to demand p* it must be the case that

A R S R
@—(V—VBO——)2—1(VBO—VSI+—). (3.116)
S o S [
Rearranging the value functions yields

R R
p(V—VBO——):pV—u0+R—q(0)(V—VBO——)—R,
P P

Q(p+q(9))(V—VB°—§)=pV—uo, (3.117)
and

R R R
p(VBO—VSI+;) =uy—R+q(0) (—E+V—VBO)—(M—X)—M(9) (;+VB°—VSI)+R,

< (o +u®) (VBO ~ V54 g

R
=uo—(u—x)+q(9)(V—VB°—;). (3.118)
Substituting (3.118), (3.116) therefore amounts to

5 "-2)=5 [r-ve-2))

= V-VB > - (u— v-vB_—1|,

S(p+u(6))( p S Rl X +4q0) p

A S Ry S
@[g(p+,u(9))—§1q(6)](V—VBO—;)ZEI(MO—(M—)()).

Substituting (3.117) yields
ﬂ
S

(oV-up)=—(p+q®) (uo— (u-yp),

A S1
[5 (o +u16)- gq(H)

A S S
& S (p+p®)(pV - u0) = Zp (o~ (=) + =@ (pV - (- y).

From the section on Nash bargaining we know that % =0 and % =1-0. Substituting

these steady state fractions, we have that
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O(p+u(0))(pV—uo) = 1-0) [p(uo— (=) +4q(0) (pV - (u=p).]
Again, by moving towards 6 = 1 the right-hand side can be made arbitrarily close to zero
while the left-hand side remains positive. Therefore, there exists a k19 > 0, such that
for x < k9, forced renters in a “Sell first” equilibrium demand p = % upon meeting a
seller. Substituting u,, for u the same condition holds for a new entrant, so that there is
a1 >0, such that for ¥ < x;;, new entrants make the same offer.

Finally, for a deviating mismatched buyer to demand p“ it must be the case that

S
vS2 _yBl_ pA > ?1 (Vsz _yBl_ pSl) ,

@é(vSZ—VBI—E)zsl (VBO—V81+§ .
S P P

(3.119)

Rearranging the value functions yields

R R R
p(VSZ—VBl—E):u2+R+,u(9)(E+V—V52)—u—)(+q(6)(—5+V52—VBl)—R,

< (p+q©) +p©) (VSZ— VBt g) =y~ (- +p @) (V-vF),
with
pO (V-vi)=pe (v— %) —1(0)q ) (VSZ ~- VB g).
From (3.118) we know that

(0 + 1) (VBO ~VSl 4 g

R
= uo—(u—x)+q(6)(V—VBo—E+V51—VSI),

< (p+4(©) + 1) (VBO— v+ %) = uy— (- +qO (V-vs),
with

- R
q©)(V-V*)=q®) (v—¥)—u(9)q(e)(v30—vsl +5).
Therefore, (3.119) simply amounts to

A - S -
S (uz—(u—)()+u(0) (V—%)) == (uo—(u—)() +q(0) (V—”T)).
Substituting the steady state fractions, we have that
u-— u—
o[- tu=p+u(®) [v-"E)) 2 (1-0) [1o-w-v+q (@) [v- X))
The left-hand side is positive for any 0 < 8 < 1 by Assumption 3.A2. Moving 0 towards 1

can make the right-hand side arbitrarily close to zero, so that there exists a k12 > 0, such
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that for x < x12, deviating mismatched owners that buy first in a “Sell first” equilibrium
demand p = % upon meeting a seller. Taking x’ = min {x9,%11,k12}, we have that for
x <«’, all buyers demand p = % upon meeting a seller in a “Sell first” equilibrium with
a market tightness given by 0 = ﬁ Finally, taking ' = min {x’,x'}, we have that both
in a “Buy first” and in a “Sell first” equilibrium, the take-it-or-leave-it offer that buyers
R

make is equal to p = o

3.8.G Institutional details

The information in Tables 9 and 10 is based on:
 http://boligejer.dk/koebsaftale/ for Denmark.
* http://www.eiendomsrettsadvokaten.no/advokathjelp for Norway.
* http://www.eigenhuis.nl/juridisch/ for the Netherlands.
* http://www.realtor.com and https://www.doorsteps.com/ for the U.S.

http://hoa.org.uk/advice/guides-for-homeowners for England and Wales.
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Table 9: Institutional details for buyers
Penalty for Period to
Fy . Possible conditions to
Grace reneging Penalty for reneging . refer to
Country . . . dissolve contract . K
period during grace after grace period . dissolving
. (requires proof) ..
period conditions
May include as
conditions:
As specified
D X 6d 1% of pri Liable for full ® Ability to in the
nmar ri
enma s o orprice amount secure purchase
financing offer
® Lawyer
reservation
May include as
condition: As specified
N N N/A Liable for full in the
W n 1
orway one amount ® Ability to purchase
secure offer
financing
Standard contract: Standard contract:

* End * Ability to As specified
contract: secure inthe
>10% price financing contract:

Netherlands 3 days None ¢ Demand * Applicability usually not
fulfillment: for national for more
>0.3% sale mortgage than a few
price per insurance weeks after
day ® Structural signing 1t

® Court inspection

Standard purchase
offer: Usually not
Losing the E ) for more
osing the Earnes i
None (3 M & b it ® Ability to than a few
oney Deposit,
United States ~ daysinNJ  N/A ) v " P $500 secure weeks after
only) iar;%l(rylg fri);n . financing signing the
0 S50 0L EIE PHEE ® Appraisal offer, e.g. 17
® Structural days in CA
inspection
Pull out Occasionally
until one loses
England & exchange holding .
. 10% price None N/A
Wales of (uncon-  deposit,
ditional) ranging from
contracts £500 to £1000
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Table 10: Institutional details for sellers

Penalty for Possible
Grace reneging Penalty for reneging conditions to
Country . . . .
period during grace after grace period dissolve
period contract
Denmark None N/A Court None
Norway None N/A Court None
Standard contract:
® End contract:
>10% price
Netherlands ~ None N/A * Demand
fulfillment: None
>0.3% sale
price per day
® Court
None (3
United States ~ days in NJ N/A Court None
only)
Pull out
until
England &
exchange None Court None
Wales ¢
o

contracts




4.1

CHAPTER

Learning to buy first or sell first in

housing markets

Introduction

Moving between owner-occupied houses requires both buying and selling, and house-
holds can choose the order of these transactions. This chapter explains the dynamics of
the fraction of households that buy first as the balance of two forces under informational
frictions: households’ strategic complementarities to buy first whenever other owner-
occupiers buy first, and profit opportunities for speculators when houses are relatively
inexpensive.

As in the previous chapter, the strategic complementarity is the result of the desire to
shorten the costly period between the two transactions. Households that buy first suffer
from double housing expenses, while households that sell first have to rent temporary
housing. To reduce these costs, moving owner-occupiers would like to be on the short
side of the market at their second transaction, and therefore want to join the long side
of the market at their first transaction. As joining the long side at the first transaction
makes the number of buyers and sellers even more unequal, households tend to buy
first when others are buying first and sell first when others are selling first. However,
although the number of sellers can usually be observed, for instance via commonly
used websites with listings, the number of buyers cannot. As a result, market tightness

is imperfectly observed and households are not perfectly able to coordinate on the
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same strategy. This chapter presents a first exploration of households that learn about
other moving owner-occupiers in a contagion-like process, in order to choose between
buying first and selling first.

Figure 17, reprinted from the previous chapter and based on Moen et al. (2015),
shows the dynamics of the fraction of owners that buy first in Copenhagen between
1993 and 2008, together with a co-moving price index. The figure shows that housing
prices are low when moving owner-occupiers in majority sell first. Such episodes
offer profit opportunities to speculators that can buy houses cheap, rent them out,
and bring them on the market later. I assume that moving owner-occupiers take the
presence of such speculators into account. For that reason, they try to keep track of
speculators’ profit opportunities. Because more acquisition by speculators implies
that houses can be sold more easily, households tend to buy first when they believe
profit opportunities are favorable. Again, however, profit opportunities are observed

imperfectly and households need to learn about them.
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Figure 17: Housing prices and fraction of moving owner-occupiers that buy first in
Copenhagen (1993-2008). Panel a is based on agreement dates, and Panel b is based on

closing dates.

If moving owner-occupiers learn from each other fast enough and speculators react
sluggishly to profit opportunities, a limit cycle in profit opportunities and the fraction
of households that buy first exists. The time series simulated from this limit cycle are
broadly consistent with stylized facts of the housing market, featuring a slowly moving

fraction of owners that buy first, moving in tandem with the number of transactions and
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housing prices, and in the opposite direction of the time-on-market and the stock of
houses for sale. Growth rates of prices show momentum, but mean reversion at longer
horizons.

The strategic complementarity in the transaction sequence decision of existing
home-owners was first identified by Moen et al. (2015), and is presented in Chapter 3 of
this thesis. The interplay between this strategic complementarity and the buyer-seller
composition of the housing market results in multiple steady state equilibria: one in
which all moving owner-occupiers buy first and another in which all moving owner-
occupiers sell first. In addition, there can exist sunspot equilibria in which households
switch between these steady states. This model therefore predicts that all moving owner-
occupiers use the same strategy, and that equilibrium switches consist of a coordinated
shift from all of them buying first to selling first, or the reverse. However, the data on
moving owner-occupiers presented in Figure 17 show that the fraction of them that
buys first is not zero or one hundred percent, and, in addition, moves slowly over time.
Although the fraction of households that buy first varies considerably - from as low as 25
to as high as 80 percent - it never reaches zero or one hundred percent, and takes twelve
years to switch from the bottom to the top. In this chapter this lack of coordination is
explained by the introduction of informational frictions. Moving owner-occupiers still
try to mimic the majority because it is in their interest to do so, but are not perfectly
able to, because market tightness is unobserved. Only if households mimic each other
infinitely fast, the limiting case without informational frictions can be obtained. In
this case, all households coordinate on the same strategy. Otherwise, heterogeneity in
strategies persists.

The introduction of informational frictions and sluggish speculative behavior results
in dynamics that are very similar to Lux (1995). Lux offers an elegant formalization of
contagion in speculative financial markets where optimistic and pessimistic traders
may infect each other with their beliefs. Moreover, he expands on this idea and allows
speculators to change their beliefs based on price dynamics or “the mood of the market”.
Unlike the strategic complementarity present in my model, however, in Lux (1995)
agents have no incentives to mimic each other or to condition their behavior on prices
or market conditions, other than to learn from equally ignorant agents.? By introducing

a transaction sequence decision, I add a reason why people would like to behave

52See Banerjee (1992) and Bikhchandani et al. (1992) for conditions under which herd behavior can
be rational.
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as others. In addition, the presence of speculators does affect households’ optimal
behavior, so that it in their interest to monitor profitability of real estate agents. Finally,
the introduction of search frictions allows for additional predictions on quantities
and time-on-market, which are particularly relevant for housing markets. Dieci and
Westerhoff (2012) and Bolt et al. (2014) also feature heterogeneous expectations and
speculation in housing markets, but similarly lack search frictions and therefore cannot
account for liquidity.

The literature on search frictions in housing markets starts with the seminal paper
of Wheaton (1990). Krainer (2001) focuses on liquidity in particular. This chapter
is especially related to papers that introduce heterogeneous expectations and/or
speculation in housing markets with search frictions. Piazzesi and Schneider (2009)
provide evidence of momentum traders that buy houses in expectation of rising prices,
and include such traders in a search model of the housing market. However, they do not
consider changes in liquidity and how it moves together with the fraction of households
that buy first, as they assume that all moving owner-occupiers sell first and that the
time-on-market is equal for buyers and sellers. Burnside et al. (2011) propose a search
model with heterogeneous expectations to explain housing booms and busts. Again,
as in Piazzesi and Schneider (2009) but in contrast to the focus of this chapter, they
assume that moving owner-occupiers always sell first and that the time-on-market is
equal for buyers and sellers. In addition, although households learn from each other,
they do not learn about each other but about a future fundamental. Kashiwagi (2014)
uses self-fulfilling beliefs in sharing the surplus of trade to explain a boom in housing
prices while rents remain stable. However, moving owner-occupiers always sell first and
do so without frictions, and as a result changes in beliefs do not affect housing market
quantities.

Finally, Anenberg and Bayer (2015) is closest to Moen et al. (2015) and this chapter.
It features the joint buyer-seller problem to explain volatility of transaction volume, but
buying first is only a stochastic outcome. In addition, their model does not feature a
strategic complementarity, so that there is no need for informational frictions to explain

a lack of coordination either.

Model

Time is continuous and agents discount the future at rate r > 0. The economy consists

of a unit mass of households and a unit mass of houses that do not depreciate. I abstract
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from construction as well as from heterogeneity in houses, apart from idiosyncratic
characteristics that give rise to search frictions. The population consists of five types:
households satisfied with the characteristics of the house they own (matched owners),
households unsatisfied with the characteristics of the house they own that enter the
market as buyers (mismatched owners that buy first), mismatched owners that sell first,
households that own two houses (double owners), and households that own no house,
but rent temporary housing (non-owners).

All types exit the economy at an exogenous and constant rate g > 0, and the houses
of those that own upon exit are transferred to real estate firms. New households enter
the economy as non-owners at the same rate g. Define the measure of non-owners
in the population at time ¢ as N(#), the measure of mismatched owners that buy first
as Bj(t), the measure of mismatched owners that sell first as S;(¢), the measure of
matched owners as O(t), the measure of double owners as S, (#), and the measure of
houses of real estate firms as A(f). Houses are owned by real-estate firms, matched
owners, mismatched owners, and double owners, where the latter own two houses,
so that A(f) + O(t) + B1(t) + S1(t) +2S,(t) = 1. Real estate firms rent out their houses
receiving an exogenous flow payment of R, just as double owners rent out one of their
properties at the same price. Non-owners therefore live in the A(#) + S2(f) unoccupied
houses.

Individual households make transitions between types. At some exogenous and
constant rate y > 0, a matched owner receives a preference shock, turning her into a
mismatched owner. The preference shock captures exogenous reasons for a desire to
move, such as finding a new job elsewhere. A mismatched owner is no longer satisfied
with her house, but still owns it. Preferences are such that she would like to move to
a new house that she is satisfied with, but moving requires finding a new house, and
finding a buyer for her old house. Both are time-consuming due to the presence of
search frictions.

Search is random, so that all sellers find interested buyers at the same endogenous
rate u(t), and all buyers find houses to their liking at the same endogenous rate g(t).
Define the measure of buyers at time ¢ as B(f), the measure of sellers as S(¢), and
market tightness as 0(f) = B()/S(f). The number of matches at time ¢, m(t), follows
from a Cobb-Douglas matching function, taking the measure of buyers and sellers as
inputs: m(t) = uoB(1)*S(£)!~%. The number of matches per seller, or the rate of finding

a potential buyer for one’s house, is thus given by m(#)/S(t) = po6()* = u(6(¢)). Since
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the number of sales must always equal the number of purchases, we have that the rate
of buying a house is q(0(1)) = u(0(1))/6(1).

Immediately upon mismatch, an owner chooses to enter the market either as a
buyer or as a seller. For simplicity, mismatched owners commit to their choice until
they transact, e.g. because they hire a realtor to carry out the transaction of their choice.
From the strategic complementarity in the transactions sequence decision as presented
in the previous chapter, mismatched owners would like to enter as sellers whenever
0(1) is low and as buyers whenever 0(¢) is high. However, I assume that households do
not know market tightness, and do not perfectly observe the behavior of mismatched
owners either. For that reason, even though newly mismatched owners may prefer to
be on the same side of the market as the majority of mismatched owners first, they are
not necessarily able to do so. Instead, all households learn about the actions of newly
mismatched owners, the households that actually make the choice to buy first or sell
first at time ¢. Because the matching function implies that the outflow rate is inversely
related to the stock, this inflow of newly mismatched owners buying first (selling first)
also tends to move the measure of mismatched owners that buy first (sell first) in the
same direction.

The outcome of the learning process is a belief about the actions of the majority of
newly mismatched owners. Learning is modeled as a contagion-like Poisson process.
A household believing that the majority of newly mismatched owners buy first may
switch to believe that the majority sells first, which happens at a rate that is increasing
in the fraction of newly mismatched owners selling first. Similarly, a household that
believes newly mismatched owners predominantly sell first comes to believe that the
majority buys first at a rate that increases in the fraction of newly mismatched owners
buying first. Switching only depends on the average action, and does not allow for
local interactions or some newly mismatched owners to be more influential than others.
Learning can thus be understood as the result of the observation of the actions of a
randomly drawn subset of newly mismatched owners.

Let x3(f) € [0,1] denote the fraction of households that believe the majority of
newly mismatched owners buy first at time ¢, so that 1 — x;(¢) denotes the fraction
of households that believe newly mismatched owners join in majority the measure
of those selling first. Even though all households learn about the actions of newly
mismatched owners, the beliefs of matched owners are particularly important, because

they act upon their beliefs as soon as they become mismatched. Because of the strategic
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complementarity, a matched owner who believes the majority of newly mismatched
owners buy first (sell first), has the strategy to buy first (sell first) herself if she were
to become mismatched. Consequently, since preference shocks hit matched owners
randomly, the fraction of newly mismatched owners that buy first is also described by
xp(1).

Define the index z(t) € [—1,1] according to z(f) = 2x,(f) — 1, summarizing the
actions of newly mismatched owners and the beliefs of households about them.
Consequently, z = —1 indicates that all households believe that newly mismatched
owners predominantly first sell (and as a result all newly mismatched owners actually
sell first), z = 1 indicates the shared belief that the majority first buys (and all newly
mismatched owners buy first), and z = 0 indicates that households are split equally
in their beliefs (and half of the newly mismatched owners buy first). The rate at
which households that believe that the majority of newly mismatched owners buy
first switch to believe that the majority sells first, is given by 7ps(z(f)) with 7y < 0.
Similarly, wsp(z(t)) with n’B s > 0 denotes the rate at which households who believe
newly mismatched owners predominantly sell first come to believe that the majority
buys first. In addition, I assume that 7sp(z(f)) = mps(z(f)) = 0 for z(t) € {-1, 1}, since
without heterogeneity no social learning can occur. The fraction of newly mismatched
owners buying first then evolves as the beliefs of the unit measure of households about
them:

Xp= (1 —xp(0) msp (2(8)) — xp (s (2(1)),

so that the dynamics of index z() is given by
z2=(010-z(0)msp (2() — (1 +2(1)) mps (2(1)). 4.1)

Both buying first and selling first constitute a first step out of mismatch. The
mismatched owner becomes a double owner if she first buys a new house, whereas
she becomes a non-owner if she first sells her old house. A double owner cannot buy
more than two houses, and is no longer subject to preference shocks. Preferences are
such that she always enters the market to sell the house she doesn't like anymore. After
selling she becomes a matched owner, making her subject to preference shocks again.
Similarly, non-owners have a preference for owning a house and therefore always enter
the market as buyers. If they buy a new house, this also results in matched ownership.

Finally, preferences are such that matched owners do not enter the market.>3

531 refer the reader to the previous chapter for a detailed exposition of the preferences of households
and the conditions under which the actions described here result.
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Real estate firms always put their houses up for sale, searching for a buyer that likes
the house. However, in addition to receiving houses from households that exit, they are
able to buy houses for speculative purposes without search frictions. Because these
speculators have no interest in living in the houses they buy, they don’'t have to search
for a match. Instead, speculative investment in the housing market attempts to obtain a
return on buying that comes in the form of rent payments or house price appreciations.
When house prices are low, the return on investment is high compared to the risk-free
rate of return, and speculators would like to buy houses. Conversely, when prices are
high, returns are low, and speculators tend to withdraw from the housing market. They
no longer buy houses, and only try to find buyers for their existing stock (facing search
frictions).

However, real estate firms look for “margins of safety” in the spirit of Minsky. Because
housing units are illiquid as a consequence of search frictions, they need to acquire
enough trust in the housing market, and only invest when returns have been favorable
for some time. Specifically, the total number of houses bought by real estate firms
at time ¢ is given by ywS(f) max[0, y(#)], where ¥ = 0 captures the extent of market

penetration of real estate firms, and where y(t) is an index of profitability that evolves

. R+piT
V= T( ) r)’ (4.2)

where p(f) denotes the housing price at time ¢, and where 7 determines the speed of

according to

adjustment. As in Lux (1995), dividing by 7 is necessary to capture the price change that
occurs during the period that profitability changes.

The index of profitability y(#) thus increases when the return on housing in the
form of rental payments and house price appreciation exceeds the discount rate, and
decreases when net returns are negative. Because real estate firms look for “margins of
safety”, real estate firms buy houses when the index of profitability is positive. However,
as a result they may miss profit opportunities when the returns on housing exceed the
discount rate but the index y(t) is (still) negative, and make losses when the index is
(still) positive even though net returns are negative.

[ assume that prices fluctuate around the discounted sum of rental payments, via an
exogenous function of the index describing the actions of newly mismatched owners
z(1):

p(1) =§+z(t)2, 4.3)
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where X > 0 is a parameter that captures the extent to which prices fluctuate with market
conditions as described by z(#). This function for the price level therefore describes in a
reduced form the effect of the behavior of mismatched owners on prices, in line with
the evidence as presented in Figure 17. Since z(#) will also be shown to move roughly
with market tightness, (4.3) also provides a specification for prices depending on market
tightness as in Section 3.5.1 of the previous chapter.

That same chapter also justifies a price centered around the discounted sum of
rental payments. Appendix 3.8.F shows that under certain conditions, p = R/r can be
microfounded as the price resulting from bargaining under private information about
agent types, with full bargaining power for buyers. Moreover, Appendix 3.8.B shows that
a price equal to the discounted stream of rental payments lies within the bargaining
set of all agents, just as its right-sided neighborhood. For prices smaller than R/r, real
estate firms would rather not sell.

In this chapter, however, real estate firms can buy houses simultaneously and with-
out frictions, offsetting any frictional sales, so that real estate firms can be indifferent
to sell for p(#) < R/r. Price movements into the left-sided neighborhood of R/r are
therefore not at odds with the incentives of agents. At prices higher than R/r, real estate
firms make current losses from investment in housing, but nevertheless they might buy
if y(¢) is positive. Consequently, also p(f) > R/r is compatible with the actions of real
estate firms. With R, r, and X fixed, note that price changes are simply given by p = ZZ.

Summing up, the measure of buyers is given by
B(#) = B, (#) + N(1),
and the measure of sellers by
S(1) = S1(0) + Sa2(1) + A1),

so that market tightness is given by

_ BI(W+N(®
TSI+ Sa(0) + A

(1) (4.4)

Note that the speculative buying of real estate firms does not enter the measure of
buyers, since these firms only face search frictions when they try to sell. Combining

the frictional matching rates with the speculative behavior of real estate firms and the
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choice of newly mismatched owners to buy first or sell first, results in the following

differential equations (suppressing time dependence):

O=qO)N + (u®) + wmax[0, ) S2 — (y + £)O, (4.5)
N =g+ (u(®) + wmax[0,y1) S1 — (g +q(©) N, (4.6)
S1=y(1-xp) O— (u®) +ymax|0, y]) S — gS1, 4.7
By =yx,0-q(0)B; - gB, (4.8)
S»=q(0)B; — (g + u(0) + ymax|0, y1) S, (4.9)
A=g(O+S;+ By +2S,) +ywmax[0, y] (S; + Sz) — () A. (4.10)

A learning equilibrium with speculation can now be defined as in:

Definition 4.1. A learning equilibrium with speculation is a path
{y(©),2(6),0(), N(1), U(1), S2(1), A1), p(1), xp(1),0(1)} such that:

1.
2.
3.

For all ¢ = 0, the index of households’ beliefs z(#) evolves according to (4.1);

For all £ = 0, the index of profitability y(¢) evolves according to (4.2);

For all ¢ = 0, housing prices p(f) are given by (4.3), the fraction of newly mis-
matched owners that buy first by x;(¢) = (z(f) + 1)/2, and market tightness 0(¢) by
(4.4);

For all £ = 0, the stocks of agents O(¢), N(t), U(t), S2(t), A(t) evolve according to
(4.5)-(4.10);

z(0) € [-1,1],(0),0(0) = 0,N(0) = 0,U(0) = 0,S2(0) = 0, A(0) = 0 are given such
that N(0) + O(0) + U(0) + S2(0) =1 and A(0) + O(0) + U(0) +2S5,(0) = 1.

For future reference, I also define an equilibrium without speculation.

Definition 4.2. A pure learning equilibrium is equivalent to a learning equilibrium with

speculation, except that ¥ = 0 and that y(¢) is not part of the equilibrium.

Finally, a steady state is defined as a stationary path of the equilibrium variables.

4.3 Equilibrium

I follow Lux (1995) in investigating two different specifications for the switching rates

nsp (2(1)) and s (2(1)). The first focuses purely on the behavior of households to learn

from each other. The second incorporates in addition that newly mismatched owners

take the presence of speculators into account.
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4.3.1 Steady state equilibria

First, I use

az(t)

nsp(z(0) = ve® W and g (z(1) = ve™?, (4.11)

for z(t) € (—1,1), where v > 0 determines the speed of switching and a > 0 the strength
of infection, so that the relative change in the probability to switch is linear in z(#). Note
from (4.1) that the evolution of z only depends on the variable z(t) itself. As Lux (1995)
shows, there exists a unique steady state in (4.1) at z = 0 if a < 1, but two additional
steady states in z exist if households mimic each other fast enough, specifically if a > 1.
Interestingly, for 1 < a < oo the steady state at z = 0 is unstable, while two stable steady

states exist at z; € (0,1) and z_ € (-1,0) with z, = —z_, as in Figure 18.

0z

ot
0.2

-1.0 <0.5 3 0.5 1.0

-0.2+

Figure 18: Dynamics of z as a function of z, giving rise to three steady states

Consequently, if contagion is relatively weak, deviations from balanced beliefs
will eventually die out because the stock of households that can switch to majority
beliefs depletes. However, if contagion is strong, deviations from balanced beliefs will
strongly be followed upon, to such an extent that it can exactly balance the depletion of
households with minority beliefs. Moreover, the stronger the contagion, the closer to
unanimous beliefs these forces balance out. The perfect coordination of the previous

chapter is only obtained for a — oo.
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Does constancy of z also imply constant measures of each agent? In steady state,

the stocks of agents should satisfy

gO)N + (u(0) +wmax0,y]) S2 = (y + )0, (4.12)

g+ (1O +ymax[0,y1)S1 = (q6) +g)N, (4.13)

(1(6) + wmax[0,y1 + g) S1 =y (1 - x) O, (4.14)

(q(6) + g) B1 = yx,,0, (4.15)

(1) +ymax[0, y] + g) S2 = q(6) By, (4.16)

g(O+ 81+ By +28) + ymax|[0, y] (S1 + S2) = u() A. (4.17)

To see under which conditions a constant z implies constant measures of agents,
first suppose that real estate firms never buy houses, i.e. ¥ = 0. In that case, (3.34)-(3.40)
in the previous chapter are equivalent to (4.12)-(4.17) for N = By + B;,. As a result, the
proof of Proposition 3.3 therein applies. The following lemma combines the results

from Lux (1995) and the previous chapter.

Lemma 4.3. Suppose that nsg(z(1)) = ve®™) and nps(z(1) = ve~ %D for z(t) € (-1,1).
Then there exists a unique steady state pure learning equilibrium for 0 < a < 1, char-
acterized byz=0,0 =1, and p = R/r. For1 < a < oo, two additional steady state pure

learning equilibria exist, characterized by z, € (0,1) and z_ € (—1,0) with z, = —z_.

Proof. Following Lux (1995), for nsz(z(1)) = ve**") and nps(z(1)) = ve™ % for z(1) €

(=1,1), (4.1) can be written as
z=2v[sinh(az(t)) — z(t) cosh(az(t))] = 2v [tanh(az(t)) — z(t)] cosh(az(1)),

so that z(t) is stationary for tanh(az(t)) = z(¢). In particular, tanh(az(?)) = z(f) for z=0,
and in case 1 < a < oo, also for z; € (0,1) and z_ € (—1,0) with z, = —z_. As a result, the
fraction of newly mismatched owners buying first, x;(¢), is also stationary. From (4.3),
the same goes for housing prices p(f).

To see that a stationary z € (—1,1) implies (4.12)-(4.17) for v = 0, note that any
stationary x € (0, 1) corresponds to a steady state 0 € (0, 0) as defined in the previous
chapter. First, from their definitions in Lemma 3.2, if x}, = 1, then in steady state 6 = 6,

and if x; = 0, then in steady state 0 = 0. Second, as in the proof of Proposition 3.3,
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equations (4.12)-(4.17) and the condition that N(t) = A(t) + S»(t) result in a continuous
relation between the fraction of households buying first, x;, and 0, given by

g -1 1
(1 * Y) W@ T uo+g

5+1
qO)+g

Xp =

Consequently, 6 = 0 in steady state only if x; = 1, and 0 = 0 in steady state only if x;, = 0.
Because of continuity and because 6 = 6 if and only if x, = 0 and 6 = @ if and only
if x;, = 1, x3 € (0,1) implies 6 € (0,6). Finally, a stationary x;, and 6 imply stationary
measures of agents from (4.12)-(4.17), and three steady state pure learning equilibria
exist for 1 < a < oo.

To see that a unique steady state exists for 0 < a < 1, combine the result of Lux (1995)
with the proof of Corollary 3.4. The latter shows that (4.12)-(4.17) imply 0 = 1 if x;, = 1/2,
which corresponds to the unique stationary z = 0 for a < 1. Finally, from (4.3) p = R/r if
z=0. O

In the steady states with z, € (0,1) or z_ € (—1,0), one strategy is therefore more
frequent than the other, but the fraction of newly mismatched owners that buy first is
unequal to one hundred or zero percent. For that reason, switching between beliefs
based on limited information about the actions of newly mismatched owners can
explain situations in which for example 25 or 80 percent of the newly mismatched
owners chooses to buy first. The lemma also shows that a stationary z € (-1, 1) implies
stationary market tightness and prices, and constant measures of agents.

Now suppose that ¢ > 0, so that speculation does affect the rate at which sellers
sell their houses. As before, from (4.3) a stationary z implies stationary prices p. The
following proposition shows that there exists a steady state learning equilibrium with
speculation, but that it is unstable if a > 1. However, there exists another stationary
value for the index of households beliefs, z, for which market tightness, prices, and

measures of agents are constant, but the index of profitability, y(), is not.

Proposition 4.4. Suppose that nsp(z(1)) = ve®D and mps(z(1) = ve~ %D for z(t) €
(—1,1). Then a necessary condition for a steady state learning equilibrium with specula-
tion is z = 0. One such steady state exists with0 =1, p=R/r and y <0. For1 < a < oo,

this steady state is unstable, but there exist, in addition,
1. a stationary path for {z(t), 0(8), N(t), U (1), S2(1), A(8), p(1), xp(8),0(1)}, provided
that y(0) = 0. On this path, z =z, € (0,1), p=R/r+Zzy, and y(t) — —oco as t — oo;



148 ‘ Chapter 4. Learning in housing markets

2. a stationary path for {z(t),p(t),xb(t)}, withz=2z_€(-1,0), p=R/r+2Zz_, and

y(t) = oo ast — oo.

Proof. From Lemma 4.3 we know that there exists a steady state pure learning equilib-
rium that features z =0, 0 = 1, and p = R/r. Then there exists a steady state learning
equilibrium with speculation if (1) y is stationary and (2) speculation does not affect
(4.12)-(4.17). The first follows from (4.2) with z = 0, which implies p =0, p = R/r, and
thus y = 0. For ¢ > 0, the second is then the case if y < 0. For a > 1, however, z =0 is
unstable.

Similarly, we know for 1 < a < oo that there exist two additional steady state pure
learning equilibrium that feature z; € (0,1) and z_ € (—1,0), respectively. On the one
hand, if z # 0, then p # R/r and y # 0, so that there exist no steady state learning
equilibria with speculation for z; € (0,1) or z_ € (—1,0). On the other hand, if z; € (0, 1),
then p = R/r+Xz,,and y <0 for all . Consequently, for a sufficiently low starting value
¥(0), speculation does not affect (4.12)-(4.17). Therefore there exists a stationary path
for {z(1),0(8), N(1), U (1), S2(1), A(8), p(1), x(8),0(0)} if y(0) < 0. Similarly, if z_ € (-1,0),
then p = R/r+Zz_, and y > 0 for all . Consequently, there always exists some t for
which speculation matters for (4.12)-(4.17), and increasingly so. However, a stationary
path for {z(1), p(1), x ()} exists. O

Proposition 4.4 shows that there can only exist steady state learning equilibria with
speculation if there are as many households that believe that the majority of newly
mismatched owners buy first as there are households that believe that the majority
of newly mismatched owners sell first. Otherwise, housing prices differ from the
discounted stream of rental payments, and the index of profitability diverges. When
housing prices are above the discounted stream of rental payments, there is no role for
profitable speculation, and a path for all variables except the index of profitability can
be stationary. However, when housing prices are below the discounted stream of rental
payments, speculators would like to buy houses. In this case, houses can be rented out
with profits, and, if prices were to rise, houses can also be sold for profit. As a result,
the presence of real estate firms in the housing market increases, and selling houses
becomes easier and easier.

Under such circumstances, in order to reduce the costly time period in between

transactions, newly mismatched owners would not like to sell first, but to buy first.
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However, the learning dynamics as specified in (4.11) do not take the presence of
speculators into account. As a result, there exist a stationary path for {z (1), p(t), x (1)}
only because newly mismatched owners do not act in their best interests. For that

reason, I consider a second specification for the rates to switch.

4.3.2 Housing cycles

To incorporate that newly mismatched owners take the presence of speculators into
account, I allow households to condition their learning on the returns from speculative
investment in the housing market. By their behavior, real estate firms affect the time on
the market for sellers. Acknowledging the presence of these forces, newly mismatched
owners should also condition their transaction sequence decision on their estimate
of the activity of real estate firms, and all households should accordingly adjust their
beliefs about the actions of newly mismatched owners. Following Lux (1995), [ assume

the Poisson rates are given by
msp(z(1), y(0) = ve¥ P+ 920 and mps(2(1), y(1)) = ve YI7420, (4.18)

Now the driving differential equations of the dynamic system are (4.2) and (4.1) with
the switching rates specified above. The stocks of different household types and houses
owned by real estate firms as described in (4.5)-(4.10) only follow from the behavior of
z(t) and y(¢) and do not affect them. For that reason, the analysis of Lux (1995) applies,
and at least one stable limit cycle in {z(1), y(¢)} exists if owners mimic each other fast
enough, specificallyif 1 - rX/R < a < co. In that case all trajectories for the fraction of
newly mismatched owners that buy first converge to a periodic orbit. A limit cycle exists
because speculators act upon an index of profitability, which is a stock that increases
in profit opportunities. Because speculators buy houses when y(¢) > 0, they are slow
to respond to profit opportunities, and similarly continue buying houses for too long.
Such sluggish behavior may be a characterization of bubbles and crashes.

If there exists a limit cycle in {z(f), y(#)}, then Figure 19 shows that the number of
transactions, the time-on-market, the stock of houses for sale, and (by construction)
housing prices can also converge to a periodic orbit (legend below). This numerical
example suggests the existence of a limit cycle learning equilibrium with speculation.
The parameters of the numerical example are presented in Table 11.

The model-generated fluctuations in the fraction of newly mismatched owners that

buy first, the number of transactions, time-on-market, the stock of houses for sale, and
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Figure 19: Simulated dynamics of housing market variables (in log deviations), and

market index z (scaled by 0.1).

Parameter Value Target

Matching efficiency o 3.6 Average TOM
Matching elasticity a 0.84  Genesove & Han (2012)
Entry/exit rate g 0.05 Moenetal (2015)
Mismatch rate y 0.01 Moen et al. (2015)
Discount rate r 0.05 Standard

Rental rate R 0.025 Price level

Market penetration ¥  0.001 Size real estate firms
Amplitude prices 2 0.02 Amplitude and period
Speed profitability 1 13 Period

Speed switching v 1 Period

Strength contagion a 1.1 Amplitude fraction

Table 11: Parameter values

housing prices are broadly consistent with the stylized facts of the labor market. Figure

20, reprinted from the previous chapter and based on Moen et al. (2015), shows the

behavior of these variables for Copenhagen between 2004 and 2008 (including legend).

Now zooming in on one cycle of the simulated dynamics as presented in Figure 21,

a numerical example of the limit cycle captures the dynamics of the same variables to a
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large extent. Both the structure of the time lags and the relative size of the fluctuations do
roughly correspond across these figures, except that time-on-market in the simulation
fluctuates a bit too much. Possibly, an endogenous moving decision as in Ngai and
Sheedy (2015) could reduce the amplitude of time-on-market a bit, as mismatched
owners would withdraw from the market when housing market conditions become too

unfavorable.

On the one hand, the good performance with respect to prices is not too surprising,
given that housing prices are an exogenous function of the fraction of newly mismatched
owners that buy first. On the other hand, the growth rates of prices show momentum
in the short run but mean reversion in the long run, which the literature finds hard
to explain. In this chapter, growth rates of prices are positively autocorrelated at high
frequencies and negatively autocorrelated at low frequencies, because prices move with

the behavior of moving owner-occupiers.
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Figure 20: Dynamics of housing market variables (in log deviations) and the fraction of
owners that buy first in Copenhagen between 2004 and 2008.
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Figure 21: Simulated dynamics of housing market variables (in log deviations), and

market index z (scaled by 0.1).

Conclusion

This chapter offers a reinterpretation of Lux (1995) that explains the lack of coordination
in the transaction sequence decision of moving owner-occupiers. The strong strategic
complementarities identified in Moen et al. (2015) to buy first when other households
are also buying first still exist, but because market tightness is unobserved, households
have to learn what others are doing. When households learn fast enough and on top
of that condition their strategy on the sluggish behavior of speculators, a stable limit
cycle exists. The time series simulated from this limit cycle qualitatively match actual

housing market data.
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CHAPTER

Efficient insurance in a market

theory of payroll and

self~-employment®*

Introduction

Over the last two decades, the majority of the developed economies have experienced
a shift in the composition of employment towards more own-account work and
freelancing. For example, about half of the new jobs taken up in the United Kingdom in
the last decade were self-employment jobs. As a result of the shift in the composition of
employment, the self-employed now constitute a group larger than the unemployed
in many countries. Furthermore, there is significant variation of the self-employment
rate between developed economies. These facts, illustrated in Table 12, are difficult
to reconcile with existing theories of self-employment that emphasize individual
heterogeneity of skills, preferences, or cognitive biases (Parker, 2012), which we don’t
expect to vary much over time and across countries.

In this paper we propose a theory of the composition of employment that focuses
on the key distinction between self- and payroll employment: exposure to the risk of not
selling output versus exposure to the risk of not finding a job. The self-employed are the

sole claimants of the fruits of their labor, but bear the risk of not selling their products

54This chapter is based on Denderski and Sniekers (2016)
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Country 1993 2013
UK 9.1 11.7
Netherlands 6.9 11.8
Germany 4.0 6.0
Italy 11.8  16.4
Sweden 7.8 6.4
Denmark 4.7 5.4

Table 12: Share of own account workers in total employment. Source: Key Indicators of
the Labor Market, ILO.

or services fully on their own. The wage contract limits this risk for the employee, but
requires sharing any surplus of a match with the firm. Moreover, not all of those looking
for a wage contract are able to find one, so that some become unemployed. In order
to highlight these differences between payroll and self-employment, we explicitly and
jointly model the problems of finding a job in the labor market and selling output in the
goods market.

All developed countries offer some form of unemployment insurance for those that
do not find a job. Denmark and Sweden have recently also introduced unemployment
insurance schemes that are designed specifically for the self-employed. However, in the
majority of developed countries this type of insurance is still absent. On the one hand,
it is widely believed that being self-employed is riskier than being an employee. On the
other hand, if self-employment is driven by the desire to be one’s own boss or by higher
tolerance for risks, insurance for the self-employed is hard to justify.

We aim to make two contributions. First, we propose a novel parsimonious theory
of self-employment that does not rely on individual-level differences between people
but focuses on trade-offs between labor and goods market frictions. Changes in these
markets, possibly resulting from the spread of modern communication technologies,
provide a natural explanation for the long run behavior of self-employment rates.

Second, we show that there should be insurance benefits for the self-employed
that fail to sell, solely for the purpose of maximizing the volume of goods traded with

customers. Insurance for the self-employed eliminates business stealing by risk averse
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self-employed who have an incentive to set their prices too low from the societal point
of view, in order to reduce the risk of not selling their output. This paper therefore
provides a rationale for the UI policies of Denmark and Sweden that is not only based
on risk sharing, but also on efficiency.

We consider an economy represented in Figure 22. It is inhabited by homogenous
individuals producing an indivisible good. The good cannot be consumed by these
individuals but can be exchanged with buyers for a divisible endowment from which
the individuals do derive utility. The individuals face a one-shot career choice problem.
They can either become self-employed, which implies producing and trying to sell their
output by themselves, or seek a job at a firm, which tries to sell the goods produced by
the individual it employs.

Individuals entering the labor market cannot coordinate their job applications to
firms that post wages, which results in involuntary unemployment. Similarly, buyers
cannot coordinate their visits to firms and self-employed that post prices, resulting in
unsold inventories. An employee is guaranteed the wage even if the firm fails to sell
the goods. However, an employee has to share the expected surplus with the firm. The
self-employed face the risk of not selling, but they forego the risk of unemployment.

Unlike in the standard Mortensen-Pissarides framework, in our model a match with
a firm is thus not necessary to generate income. Our model endogenously determines
a vacancy and self-employment rate depending on, among others, search technology
and the existence of some advantageous business conditions for firms. One can think
of these advantageous business conditions as productivity or quality gains to firm
formation, resulting from additional capital, training or knowledge that the firm has
at its disposal after the investment of an entry cost k. In a richer framework with
intermediate inputs, such gains may result from economizing on internal transaction
costs as in Coase (1937). Alternatively, advantageous business conditions for firms
can result from a superior visibility in the goods market after the investment of cost
k. This is the interpretation used in this chapter. Firms in our model are both an
intermediary between the employee and the buyers, and a vehicle of production
and marketing that cannot exist without any form of competitive advantage over
independent production by the self-employed. Yet, the trade-off between the frictions
in the goods and labor market leads to the coexistence of firm employment and self-
employment in equilibrium.

The presence of firms and self-employed implies the goods market consists of two

different types of sellers. If individuals are risk averse, these two different types of
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Individuals

indivisible endowment (leisure)
want buyers' endowment

can produce indivisible goods

cannot consume these goods

competitive search

Firms

shares traded in fin. market

maximize expected profits
need worker to produce

competitive search
post one vacancy, cost k

Buyers
divisible endowment (money)
want one indivisible good
value of buying v, =1
value of not buying = 0

Figure 22: A snapshot of the model economy

sellers have different objectives, creating inefficiencies that can be potentially corrected
by policy. Risk averse self-employed, unlike risk neutral firms, have an incentive to
self-insure via their pricing decision. By decreasing prices they attract on average more
buyers so that their selling probability increases. However, the lowering of prices by
the self-employed steals business away from firms. Other things equal, firms’ expected
profits fall. Consequently, fewer firms enter and the economy benefits to a lesser extent
from their advantageous business conditions. As a result, the volume of the goods
traded drops.

The ability to self-insure makes a career in self-employment relatively more attrac-
tive than entering the labor market. This effect is countered by the conventional effect
that firms post lower wages to increase the job finding rate of risk averse job seekers.
The latter, however, comes at the cost of excessive vacancy creation. Generally, the
employment composition is different than the composition that would maximize the
volume of goods traded net of firm entry costs. For some parameter values, the ability
to self-insure in self-employment can dominate the market insurance offered by firms.

As aresult, the self-employment rate may increase in risk aversion.
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We find that the combination of type-of-employment dependent lump-sum taxes
and income support benefits under a balanced budget can maximize the output sold
net of entry costs, while offering insurance to risk averse individuals. This optimal
policy mix consists of differentiated taxes and unemployment insurance benefits for
both workers and self-employed. Optimal Ul benefits for the self-employed eliminate
business stealing, while optimal UI benefits for job seekers raise wages and stop
excessive firm entry. Differentiated taxes then balance the budget while ensuring
an optimal employment allocation via the career choice of individuals. We show that
whenever the job finding probability exceeds the selling probability (so that the self-
employment income can be considered riskier), the UI benefits for the self-employed

should be more generous than the UI benefits for employees.

Related literature. Our paper is related to three strands of the literature: on the drivers
of self-employment, on frictional goods markets and intermediation, and on optimal
unemployment insurance. Below we describe our contribution to those papers.

There is a variety of theories explaining self-selection into self-employment. A
large fraction of this literature puts individual characteristics and heterogeneity as
a reason for self-employment. We list a limited selection of those papers, whereas
Parker (2004) offers an extensive survey. Lucas (1978), Jovanovic (1982) and Poschke
(2013) assume that being an entrepreneur/self-employed requires a separate skill,
potentially different than a skill needed to be an employee. Kihlstrom and Laffont
(1979) postulate differences in risk aversion that lead to undertaking entrepreneurial
activities. De Meza and Southey (1996) find that self-employed entrepreneurs are
significantly more optimistic than employees. Lindquist et al. (2015) document the
importance of family background. We complement this literature, because in our model
self-employment is an equilibrium outcome that does not require any ex ante individual
heterogeneity. Besides, Rissman (2003, 2007) assumes returns to self-employment
are drawn from an exogenous distribution riskier than the wage distribution. We
offer a model that endogenously generates those risk differentials. Finally, our model
is complementary to papers that explain self-employment from financing frictions
(Evans and Jovanovic, 1989; Buera, 2009), because a frictional financial market could
be introduced as an additional stage in the career choice game for those who choose
self-employment.

To the best of our knowledge, self-employment has not been introduced into

models with frictions in the goods market. Existing papers study the macroeconomic
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consequences of goods market frictions (See e.g. Michaillat and Saez (2015); Petrosky-
Nadeau and Wasmer (2015); Kaplan and Menzio (2016)), or characteristics of firms that
operate in a frictional goods market. Most closely related are Shi (2002), who explains the
size-wage differential in the labor market by a sufficiently large size-revenue differential
in the goods market, and Godenhielm and Kultti (2015), who allow for endogenous
capacity choice and study the resulting firm size distribution.

Our model can also be framed as a choice of producers to trade with buyers via
a middleman (firm) or to trade with buyers directly. The papers in the literature on
intermediation that are most closely related are Watanabe (2010, 2013). Unlike in those
papers, the choice that producers (individuals) face in our model is exclusive. Also, the
meetings with the middlemen are subject to a friction. Wright and Wong (2014) offer a
general model of middlemen with search and bargaining problems. We employ posting,
allow for bypassing of the middlemen, and discuss labor policy implications.

Papers on efficient unemployment insurance for risk averse individuals either do
not take self-employment (e.g. Acemoglu and Shimer (1999)) or market frictions
into account (e.g. Parker (1999)). Our paper shows that the interaction of risk
averse self-employed and goods market frictions is crucial for understanding efficient
unemployment insurance.

The rest of the paper is organized as follows. In Section 5.2 we outline the structure
of the model. Then, in Section 5.3 we characterize the market equilibrium. In
Section 5.4 we present and characterize the conditions under which a unique mixed
strategy equilibrium exists, and prove that it maximizes net output sold for risk neutral
preferences. In Section 5.5 we show that the decentralized allocation is not efficient
for risk averse preferences, but that introducing a type-of-employment dependent tax
and unemployment insurance policy can restore efficiency. Section 5.6 presents the
steady state of a dynamic version of the model in which jobs in expectation last for
multiple periods, and shows how the composition of employment depends on the key

parameters of the model. The final section concludes.

Model

We consider a one-shot game of an economy populated by firms, buyers, and individuals
interacting in two markets. Individuals face a career choice between self-employment

and entering the labor market. In the goods market, firms and the self-employed
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exchange with buyers an indivisible produced consumption good (a coconut) for a
divisible endowment (money). In the labor market, individuals exchange with firms
indivisible labor for money. There are coordination frictions in both markets.

The measure of individuals is normalized to one. Individuals value consumption
according to a weakly concave utility function u (c), suffer no disutility from labor, but
cannot consume coconuts. Instead, they derive utility from money.>® For convenience,
we also postulate that u (0) = 0. There is a unit mass of buyers B in the goods market that
can consume money and exactly one coconut. They enjoy a utility v from consuming the
coconut, and a smaller, linear utility from their endowment of money, which individuals
can also consume. We normalize buyers’ utility from not buying to zero and the utility
from consuming the coconut to one. We consider a partial equilibrium setup with
buyers and individuals living in separate households. Finally, there is an endogenously
determined mass V of vacancies opened by profit-maximizing firms upon paying a cost
k>0.

The career choice of individuals results in an endogenous measure SE of self-
employed and LM = 1 — SE of agents entering the labor market. A match of a single
worker and vacancy results in an active firm. The measure of active firms is denoted by
F. Because of search frictions in the labor market we have F < V. Both a self-employed
and an active firm produce one coconut. Each opens one outlet to sell its coconut in the
goods market and posts a price with commitment. However, an active firm’s outlet and
price is visible in the goods market with probability A € (0, 1], whereas a self-employed
individual’s outlet and price is visible with probability a € (0,1].%¢

Buyers observe prices of visible outlets, can only visit one of these, but cannot
coordinate which one to visit. For that reason, the goods market is subject to urn-ball
frictions. As a result, some visible sellers face more customers than they can serve and
others are not able to sell, while some buyers fail to buy the good. If there is a mass of
buyers Bgr at the visible outlets opened by the self-employed, then the average queue

length at each outlet is xsg = Bsg/(aSE). The average queue length of buyers at a visible

SSFor instance, because money can be exchanged in a perfectly competitive third market for another
divisible consumption good (which is thus not a coconut).

56Here we allow for differences in the visibility of self-employed and active firms. This formulation is
not restrictive. A model in which a and A denote the number of coconuts produced by the self-employed
and active firms, respectively, is almost identical (exactly identical under risk neutral preferences) as long
as every coconut is sold in a separate outlet. If multiple coconuts are sold at one outlet, there exists a
selling advantage to larger inventories, see Watanabe (2010). Alternatively, one can write a very similar
model with differences in qualities of coconuts, which scale up the utility of buyers.
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active firm xr is defined analogously. The corresponding service probabilities for a
buyer are denoted by 1 (xsg) and 1 (xf), at self-employed and active firms respectively.
The selling probabilities of visible outlets A (xsg) = xsgn (xsp) and A (xp) = xpn (xp) are
the complementary probabilities of having no buyers visiting a visible outlet at all.

Using the large market assumption to characterize these probabilities, A (x) =1 —e™*.

Upon paying an entry cost to open a vacancy, a firm posts a wage and commits to
it. Workers observe all wages but can apply to one vacancy only, while a vacancy can
be filled by only one worker. As standard in the literature, to capture the coordination
frictions we restrict our attention to symmetric and anonymous strategies. We denote
the average queue length by x; ), = LM/V where V is the measure of open vacancies.
Due to coordination frictions, some firms fail to fill their vacancy and do not become
active, while some workers remain unemployed. The probability of filling a vacancy is
denoted by ¢ (x1p7), and by the large market assumption ¢q (xzp) = 1 —e %, The job
finding probability is simply u (xzp) = g (xra) / xpp- Finally, we assume that the firms
can insure in a competitive market against the risk of not being able to pay the wage,
so that the worker is guaranteed a wage once matched. The shares of firms are traded
by financial investors (not modeled explicitly) who can buy a market portfolio of those
shares so that the firms maximize expected profits upon entry.

The timing of the game is displayed in Figure 23. First, a measure of firms enter
the labor market by opening vacancies. In the career choice stage the unit mass
of individuals parts into self-employed and prospective workers. In the third stage,
the frictional labor market matches vacancies and prospective workers, resulting
in a measure F = q(xzp) V of active firms and a measure U = (1 —,u(xLM))LM of
unemployed workers. In the fourth stage, all active firms and self-employed individuals
produce and become sellers in the goods market. In the fifth stage, a fraction of the
sellers become visible and buyers direct their search to them such that the following

accounting identity is satisfied:
axSESE+ AxpF =1, (5.1)

which means that no buyers stay at home not trying to visit any seller. Now we are in

position to define the market equilibrium of this economy in the following section.
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firms career labor production goods individuals
enter choice market market consume
t=0 r=1

Figure 23: Timing of events

5.3 Equilibrium definition

We decompose the one-shot game into two stages: the career choice and the labor
market as the first stage, and the goods market as the second stage. We solve the game
backwards, starting from the goods market. We focus on equilibria that feature both
self-employment and payroll employment. The existence conditions for such a mixed

strategy equilibrium of the career choice game are presented in the next section.

5.3.1 Goods market

As is standard in competitive search models, separate submarkets open and buyers
choose between visiting each of the submarkets such that in equilibrium they are
indifferent between all active submarkets and obtain value V2. Given the specification

of buyers preferences, this value reads
VE =0 (xr) (1 - pr) =0 (xsp) (1 - pse). (5.2)

Given that the wage is sunk, active firms maximize expected revenue: AA (xr) pr.
The self-employed maximize expected utility. The expected value of self-employed

sellers, dropping zero utility of not receiving any income, is then
VSE = ad (xsp) u(pse). (5.3)

The goods market outcomes and payoffs are depicted in Figure 24.
Sellers post prices to maximize their expected payoffs subject to the constraint that
buyers must receive their market utility V2. The optimal prices and an associated goods

market sub-equilibrium characterization are presented below.
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[Self—Emponed, SE] (Active Firms, Fj
VSE = al (xsg) pse revenue = AL (Xfp) pr
SE submarket F submarket
price psg price pr
queue length: queue length:
XSE = % Xp = %
selling probability: selling probability:
al (xsg) = a(1—exp (—xsg)) AL (xp) = A(1-exp (—xF))
buying probability: buying probability:
1 (xsg) = Alxsn) 1 (xp) = A%F”

XSE

V8 =n(xsp) (1-pse VE =nxp) (1-pr)

Buyers, B
1=Br+ Bsg
Equilibrium: VSBE: Vlﬁg

Figure 24: The goods market.

Lemma 5.1. Assume SE >0, F >0, Br >0, Bsg > 0 fixed. Let ¢(x) = ‘5?3(52 be the
elasticity of the buying probability with respect to the queue length x. Given queue

lengths xsp = f%, Xp = % the optimal price posting conditions are:

¢ (xsp) (1-pse)  u(pse)

= ) (5.4)
1-¢(xsE) u' (psk)
pPr=¢(xF). (5.5)
Proof. See Appendix 5.8.A. O

Definition 5.2. Let SE > 0, F > 0 be fixed. A goods market sub-equilibrium is a tuple
{xs E»XF, PSE> P F} such that given xsg, xr the sellers optimally post prices according to
(5.4) and (5.5), and the buyers’ indifference condition (5.2) and accounting identity (5.1)
hold.
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5.3.2 Labor market

Now we consider a non-zero mass of prospective workers LM > 0 and analyze labor
market outcomes. We do that in two steps. First, we fix the measure of vacancies
V > 0; then we allow for free entry in posting vacancies by prospective firms. Given that
the entry cost k is sunk, potential firms post a wage in the labor market to maximize
expected profits, taking into account equilibrium outcomes in the goods market. They
compete with other potential firms for workers, under the constraint that they must at

least offer the market utility level of workers searching for jobs:

VM = (o) u(w). (5.6)

Lemma 5.3. Assume LM >0 and V > 0 fixed. Given queue length xypr = LM/V, the
optimal wage w that maximizes firms profits subject to workers’ market utility (5.6)
solves the following equation:
¢ (xrm) [AA (xp) pr—w]  u(w)
1—¢ (xrm) S u(w)’
where pr and xp come from the goods market sub-equilibrium {xs E»XFy PSE> P F} induced
bySE=1—-LM and F = q (x1p) V and where ¢ (xpp) = XMOGULI) o 4y elasticity of the

q(xpM)0XLMm

(5.7)

job filling probability with respect to the queue length.
Proof. See Appendix 5.8.A. O

Expected profits are therefore shared with workers according to the elasticity of the
matching function in the labor market, and are decreasing in risk aversion. By posting
lower wages when workers are risk averse, firms offer market insurance in the form of
higher job finding probabilities from larger firm entry. The free-entry condition drives
the value of posting a vacancy net of the entry cost k down to zero. Firms’ entry takes
into account the resulting goods-market sub-equilibrium where SE = 1 — LM. Formally,

we can define the labor market sub-equilibrium as follows.

Definition 5.4. Assume LM, SE > 0. The labor market sub-equilibrium is a pair {x7 s, w}
such that given x;j,, firms optimally post wages according to (5.7) and the following
free-entry condition holds:

q (xpm) [AA(xp) pr—w] — k=0, (5.8)

with pr and x from the goods market sub-equilibrium {xsg, xr, psg, pr} induced by
SEand F = g (xrp) V with V= LM/ xp .
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The labor market equilibrium is represented in Figure 25. Now we are in the position
to define a mixed strategy equilibrium for our career choice game.

[Prospective Workers, LMJ

Vacancies, V

entry cost k

Labor Market

VEM = 1 (epa) u (w) wage W
queue length:
xov =54
job filling probability:
q(xpm) = 1—exp (=xrm)
job finding probability:
q(xrm) expected revenues
plxm) = -

il q(xpm) (AAppr — w)

Unemployed, U Active Firms, F
U=(1-pxm) LM F=qxm)V

Figure 25: The labor market

Definition 5.5. A mixed strategy career choice equilibrium is a tuple
{SE*>0,LM* >0,x},,, W*, X5z, X}, Py Peg} Such that:
1. all individuals either become self-employed or enter the labor market: SE* +
LM* =1;
2. given SE* and LM*, {x},,, w*} is a labor market sub-equilibrium,
and {xg 2 X ng, p;;} is a corresponding goods market sub-equilibrium;
3. individuals are indifferent between self-employment and entering the labor
market, i.e. VSE = VM g5 defined in (5.3) and (5.6), respectively.

Observe that the indifference condition requires that whenever the job finding
probability u exceeds the selling probability A the income from self-employment is
higher, conditional on selling, than the wage (and the opposite holds when A > p).

An interesting special case of the mixed strategy equilibrium is the case of risk

neutral individuals. If the self-employed are risk neutral, they maximize expected
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revenue al (xsg) psg- As follows from Lemma 5.1, risk neutral self-employed post prices
according to psg = ¢ (xsg). Substituting this price in the buyers’ indifference condition
(5.2), it follows that firm and self-employed sellers can expect the same queue length
and set the same prices.

If workers are risk neutral, the wage posting decision of firms as given in (5.7) implies
w = ¢ (xrp) AL (xF) pr. Substituting this wage in (5.8) results in the following free entry

condition:

q (xpa) [1— ¢ (x| AMxp) pr = k. (5.9)

Besides, as u (xzp) ¢ (xra) = q' (xpar), the value of being a worker can in this case be

written as

VM = g' (xpar) AL (xF) pr. (5.10)
As aresult, indifference in the career choice game simply requires
VSE = a (xsp) pse = q' (xa) AA (xp) pp = VEM, (5.11)
Because self-employed and firms post the same prices, indifference in career choice
implies
A
alA=q' (xpp) =e ™M — xpp = log(—) (5.12)
a

Thus, if the mixed strategy equilibrium exists, the queue length of prospective workers
is independent of the vacancy posting cost k and only depends on a and A. The next
section shows that the mixed strategy equilibrium can exist, both for risk neutral and

for risk averse preferences.

Existence and efficiency of equilibrium

In this section we state the conditions and explain the reasons for the existence of a
mixed strategy equilibrium. Afterwards, we prove that it maximizes net output sold if

and only if individuals are risk neutral.

5.4.1 Existence

The equilibrium can be shown to exist, to be unique, and to involve mixing of careers if

the exogenous parameters {a, A, k} are appropriately chosen. Outside of a certain set of
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{a, A, k} the equilibrium still exists and is unique but features no mixing of careers. The
proofis an application of the Implicit Function Theorem.
As a first step, using the accounting identities in the goods and in the labor market,
we arrive at the following mixing condition:
l1—-axsg
AXpp(XLMm) — AXsg

Then, we need to solve for the queue lengths {xsg, xr, X7 )/} and corresponding

LM =

, O0<LM<1. (5.13)

prices of goods and labor {psg, pr, w} using the remaining six equilibrium conditions.
A necessary condition for this set of equations to have a solution is that the ratio
u(c)/u' (c) is increasing in ¢, which holds for any utility function with u'(c) > 0 and
u" (c) < 0. For analytical convenience we make the proof operational under CRRA
preferences. However, as the previous remark implies, this is without loss of generality.

Proposition 5.6. Let A, a € (0,1] fixed and u(c) = % withy € [0,1]. Then there exist
numbers k(A, a,y), k(A, a,y) such that the mixed strategy equilibrium described in

Definition 5.5 exists and is unique if and only if the following inequalities hold:
A>a, (5.14)
k(Aay)<k<k(Aay). (5.15)

Furthermore, ifk > k (A, a,y) then SE* =1 and ifk < k (A, a,y) then SE* = 0.
Proof. See Appendix 5.8.A. O

A direct result of the working of the proof under risk neutral preferences is the set of
comparative statics encapsulated in Corollary 5.7. Intuitively, the net gain of setting up
a vacancy can be neither too small, nor too big for agents to play a mixed strategy in the

career choice game.

Corollary 5.7. Consider risk neutral individuals and a, A and k such that the conditions
(5.14) and (5.15) hold, and let {SE*, LM*, X} ,;, W*, X$, X3, P} Pap} be the corresponding

mixed strategy career choice game equilibrium. Then, the following inequalities hold:

OSE*
>0,

ok
ok o 9k,
— >0, —>0,

dA dA
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There are two reasons a corner solution in the career choice game could occur. First,
there may be no firms willing to enter, so that there is no chance of finding a job on a
payroll. This may happen, for example, when the vacancy posting cost k is prohibitively
large. Second, the business conditions of firms may be too advantageous to sustain
self-employment as a valid alternative to seeking a payroll job.

Hence, the key driving force of the composition of employment in the model is the
relative size of the probabilities of becoming visible in the goods market, adjusted
for entry costs, which can be loosely described by comparing A/k to a. One can
argue that the spread of modern communication technologies has contributed to a
relative increase in the visibility of the outlets of the self-employed, a. The theory then
predicts a rise in self-employment rates, roughly in line with the recent increases in
self-employment rates as documented in Table 12.

More generally, the ratio between A/k and a captures the improvement in business
conditions on top of producing on one’s own that comes with setting up a firm.
Correcting expected utility with binomial probabilities, one can interpret A and a
as the number of units produced by active firms and self-employed, respectively, as
long as each unit is sold at a separate outlet. One can then think of the ratio of A/k
over a as a statistic for substitutability between the “self-employment technology” and
“payroll employment technology”, or the additional returns to innovation from firm
formation. For example, a large-scale production industry like an automotive industry
is a sector with a very high A/k and low a. In contrast, one can expect the difference
between A/k and a to be low in service industries like hairdressing or taxi-driving.
A prediction of the model is therefore that self-employment rates are higher in hair-
dressing than in the automotive industry. Another prediction is that when the share of
low capital intensity services in the economy increases, the share of self-employment
goes up as well. Finally, the model can shed some light on cross-country differentials
in economic development and the composition of employment. In underdeveloped
countries the technologies that are used in firms offer very little gains, or no gains at all,
from organizing workers and capital into a firm. As our model predicts, those countries

exhibit high self-employment rates.

5.4.2 Efficiency

We move onto investigating the efficiency of the decentralized equilibrium. We use

output sold net of entry costs as our measure of efficiency and allow the social planner to
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choose the measure of vacancies to be opened and the measure of households to enter
self-employment (and thus the measure to enter the labor market). Thus, the reference
point is the optimal use of available individuals. However, this is not equivalent to
maximizing the utility of individuals or buyers.

The social planner faces the same visibility probabilities and coordination frictions
within every (sub)market as present in the decentralized equilibrium, but can decide
the measure of buyers to go shopping at the visible self-employed (and thus the measure
of buyers that visits visible active firms). Finally, note that choosing the latter, given SE

and V, amounts to choosing xsg. The problem of the social planner is then to maximize:
VSP(V, x5, SE) = AL (xp) g (x13) V + al (xsg) SE - Vk,

where xzp = (1 - SE)/V and xp = (1 - xsgaSE) / (Aq (xpm) V) from the unit mass of
individuals and the accounting identity in (5.1), respectively. Similar to Acemoglu and

Shimer (1999), for this measure of efficiency the following result can be shown.

Proposition 5.8. The decentralized allocation is constrained efficient if and only if

individuals are risk neutral.
Proof. See Appendix 5.8.A. O

Consequently, the equilibrium allocation that is implicitly given by (5.2), (5.9), and
(5.11), with pr = ¢ (xr) and psg = ¢ (xs5), maximizes output sold net of entry costs.

From Proposition 5.8 it follows that the outcome of the market interactions under
risk aversion does not maximize output sold net of entry costs. The drivers of this result
are the price and wage posting decisions. When agents are risk averse, the price psg
that the self-employed charge is lower than the efficient pgg for a given queue length
xgg . The self-employed self-insure by decreasing their price to improve the odds of
selling their output. By doing so they generate an inefficient distribution of queues
which decreases the total output sold. Furthermore, firms offer market insurance as
well. They increase the job finding rate of workers by increasing entry at the expense of
lower wages. This distorts the allocation by an inefficient increase in entry costs. On
top of that, the underpricing by the self-employed forces the firms to lower their prices
as well, which exerts another downward pressure on wages. Consequently, wages and

both prices are lower than in the efficient allocation.
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Risk aversion tilts the career choice decision towards the safer alternative, so that the
composition of employment is distorted as well. The two other sources of inefficiency
also affect the career choice decision, however, so that the self-employment rate can be
either lower or higher than in the planner equilibrium. Thus, the self-employment rate
may increase when we make all agents identically risk averse, a prediction of the model
that goes against the conventional wisdom that postulates less risk averse individuals
to self-select into self-employment.

As demonstrated in Figure 26, the composition of employment in the market
equilibrium can even coincide with the planner equilibrium. Generically, however,
the decentralized allocation features too little or too much self-employment, depending
on entry cost k. When £k is large, firms are reluctant to enter and the scope for labor
market insurance is narrow, so that there is too much self-employment. This is in strong
contrast to the conventional wisdom that risk aversion decreases self-employment. In
fact, when firm entry costs are high and there can be large unemployment, the risk
averse agents prefer to self-insure. For lower values of k the firm entry margin dominates
and self-employment is below the efficient level. Needless to say, a market equilibrium
that features the right composition of employment is still inefficient, since the price
and wage posting decisions continue to be distorted by inefficiently long queues at the
self-employed.

The next section studies optimal insurance policies under risk averse preferences,
when the market is not efficient. We investigate policies that make use of type-

dependent insurance and taxes to maximize output net of recruitment costs.

Efficient insurance policy

Having discussed the inefficiency of a market equilibrium under risk averse preferences,
we now move towards an analysis of an efficient insurance policy. We consider type-of-

employment-dependent policies that satisfy the following definition:

Definition 5.9. A balanced budget policy is a tuple of taxes and unemployment benefits

P ={1sg,T1Mm, bse, bry} that satisfy the following condition:

bE (1 — ,u(xLM)) LM + bSE (1-al (xsg)) SE =t p LM +15gSE. (5.16)
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Figure 26: Self-employment and unemployment in the decentralized and planner

equilibrium as a function of the vacancy posting cost k.

For analytical tractability, we illustrate the features of the policy under CARA

preferences with a risk aversion parameter 0:

1 _ e—HC

u(c) = 0

Observe that the introduction of the policy instruments affects the price posting by self-
employed, wage posting by firms, and values of workers and self-employed, respectively.

These equations now read:

¢ () [AA (xF) pr— w| _uw-tim)—u (brym —TLm)

)

1—¢ (xrp) u'(w—7trpm)
¢ (xsg) (1 - pse) _u (pse—TsE) — u(bsg —TsE)
1-¢(xsp) u'(pse —sE) ’

VEM () = i (xpan) u(w — o) + (1= p(xan) w (brar — Toas)

VSE (D) = al (xsp) u(pse —Tse) + (1 — al (xsp) u(bsg — TsE) -
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A natural question unfolds: is it possible to decentralize the planner equilibrium
using a balanced budget policy of type-of-employment-dependent taxes and unemploy-
ment benefits? The answer, as provided in the following proposition, is positive. More
interestingly, there is a clear pattern on how the unemployment benefits and otherwise

lump-sum taxes should be conditioned on the type of employment.

Proposition 5.10. Let agents’ preferences be described by a CARA utility function with
a risk aversion parameter 0, and let {x}jM, w*,xg B pj‘gE,x;, pl*;} denote the respective
equilibrium variables under risk neutral preferences. Then there exists a balanced budget

policy 2* that for every 0 decentralizes a planner equilibrium such that:
- .
biy=w*- Elog(l +0w”),

* 1 *
bse = pgg — 5108(1 +0p5g),

Moreover, the taxes are characterized by the following inequality:

Tim < Tsp < log(1+(1—p(x],,))0w™)—0w™ =log(1+ (1 —al(xig))0pss) —OpsE
(5.17)

Proof. See Appendix 5.8.A. O

It follows from the proof that the policy instruments separately target the three mar-
gins of inefficiency. The unemployment insurance for the self-employed corrects their
pricing decision. The unemployment benefits for workers corrects the wage posting
decision. Finally, the mix of taxes ensures the correct composition of employment and
balances the budget.

Observe that whenever the price that prevails in the decentralized equilibrium
under risk neutrality is larger than the wage, the unemployment insurance for the self-
employed should be more generous. From the career choice indifference condition that
implements the efficient allocation we know that this happens if and only if the selling
probability is lower than the job finding probability. Thus, whenever the income from
self-employment is riskier, the benefits targeting the self-employed should be higher.
This has nothing to do, however, with risk sharing considerations and is solely driven by

efficiency.
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If 6 is small, the ranking of the taxes in (5.17) can be approximated by
TiM < Tsp < p(x],,)0w™ < al(xip)0pie

so that self-employment should be taxed more heavily than labor market participation
whenever risk neutral individuals would prefer self-employment over entering the
labor market in an environment without taxation, given the unemployment benefits.
Whenever we find that bsg > by, which always happens if (1 (x},,) > A (x;), we may

expect to have 15 > T

A dynamic model

In this section we describe the steady state of a dynamic version of the model, and
perform some comparative statics exercises. The dynamic model captures the idea that
employment at a firm is a long-term relationship. In particular, jobs last in expectation
for multiple periods and are destructed exogenously with a constant probability §. Time
is discrete, individuals and buyers live forever, and they discount future periods at a
factor p. Self-employment’s and buyers’ outcomes are assumed independent across
periods. Therefore, the dynamic version of the model has consequences neither for
modeling self-employment and buyers, nor for the firms’ pricing decision. The value of

being a buyer is thus given by:
(1-B) VP =n(xp) (1-pr) =n(xse) (1 - pse),
while the value of the self-employed is given by
(1-B) V5E = aA (xsp) u(psk).-
To minimize the differences with the static model, the timing of the model is such

that (1) existing jobs are destroyed, (2) vacancies enter, (3) individuals make their career

choice, (4) matches form, (5) buyers visit, and (6) individuals consume. To highlight the
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time spent in unemployment within the model, we allow for an unemployment benefit.
As aresult, the value of entering the labor market is equal to

VM — (5.18)

pr Gepan) w(w) + (1= g (xpa)) w(b) + B(1— p(xpa) 1= 8) VM 4 p(xpan) 1-8) V],
with the value of employment V¥ being:
VE=u)+ 6V + (1-6) VE].

Solving for V¥ and substituting the result in (5.18), it can be seen that the value of
entering the labor market is still a weighted average of the expected time spent in
employment and in unemployment. As a result, the career choice is not so much
different in the dynamic version of the model, and individuals are indifferent between

self-employment and entering the labor market if and only if

al (xsp) u(pse) = p (e u(w) + (1= p () (1- B(L-8)) u(b)
SE SE o) + (1= pxran) (1- B -8)) .

The assumption that jobs in expectation last for multiple periods also affects firm

entry. The value of opening a vacancy is now
VV=—k+qGm V7, (5.19)
where V7 is the value of a filled vacancy (the value of a job to the firm):
VI = AAxp) pr—-w+pA-8) V.
Solving for V/, substituting the result in (5.19), and closing the model by free entry
implies:

AN (xp)pr—w
1= B-5) =k (5.20)

As before, firms maximize expected profits by posting a wage, taking into account

q(xrm)

its effect on x; ), constrained by the requirement to offer at least VM to workers. As

shown in Appendix 5.8.B, this results in the following wage condition:

1-8(1-0) u(w)—u(b)

1-¢(xrm
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Finally, we consider the stocks and flows of the dynamic model. Let F; now denote
the measure of active firms at time ¢, and V; the measure of vacancies opened in period

t. The flows are such that

Fr=q(xome) Vi + (1 —6) Fyy,
Ur=(1-p(xrp,0)) 1= SE = (1= 6)E; 1),
Er=p(xpm,) A=SE,— (1 =8)E;—1) + (1—8) Epq,

with the measure of active jobs E; = F;, the measure of workers in period ¢ equal to
1-SE;—(1-6)E;_, the queue length x; 5 ; = 1-SE;—(1-0)E;_1)/V;, and the measure
of labor market matches p(xzpr,¢) (1 — SE; — (1 — 8)E¢—1) = q (xam,¢) Vi In steady state
the measure of self-employed is constant, and by definition 1 -SE—(1-0)E =U +6E,
so that the steady state satisfies:

q (xpan) V =8F = 6E = p(xpa) (U +6E).

In Appendix 5.8.B, we show that for risk neutral preferences, the decentralized steady
state allocation of the dynamic model coincides with the steady state allocation that a
social planner would choose, if the planner maximizes the present discounted number
of goods sold net of recruiting costs. The social planner then solves the following

problem:

o0
! AE SE _ V k ,
{XSE,MEE},(SEI}%;ﬁ [xF,m(xF,t) t+x3E,tTI(x5E,t)a =V ]

subject to
Er=q(xipme) Vi+(1=8)E;q,

and an initial condition Ey, where x;,; = (1-SE;—(1-08)E;—1)/ V; from the unit mass of
households, the career choice, and job survival, and where xr; = (1 — xsg,;aSE;)/ (AE;)
from the accounting identity in the goods market. In every period we again allow the
social planner to choose the measure of vacancies to be opened and the measure of
households to enter self-employment (and thus the measure to enter the labor market).
The social planner still faces the same visibility probabilities and coordination frictions
within every (sub)market as present in the decentralized equilibrium, but can still
decide upon the measure of buyers to go shopping at the self-employed (and thus the

measure of buyers that visits firms). Finally, note that choosing the latter, given SE; and
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V1, still amounts to choosing xsg, ;, because the only state variable E; is also determined
by SE; and V; (and E;_;). Since the decentralized and the planner’s allocation coincide,
the equilibrium of the dynamic model is efficient when individuals are risk neutral, just
as the static model.

On the one hand, the steady state of a dynamic version of the model is not so
much different from the static model, because the the value of entering the labor
market is still a weighted average of the expected time spent in employment and in
unemployment. On the other hand, the dynamic model captures the idea that jobs
last for multiple periods and introduces two additional parameters: patience, and
the expected duration of the wage contract. In Figure 27 we show the response of
the equilibrium self-employment rate to changes in the discount factor g and the job
destruction probability 6. Not surprisingly, a higher discount factor and lower job
separation probability make the long-term nature of a wage contract more valuable to

individuals, which decreases the self-employment rate.
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Figure 27: Equilibrium self-employment rate as a function of  and 6.
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Conclusion

We propose a new theory of self-employment that emphasizes the trade-off between the
frictions in the goods and in the labor market. Our theory, unlike a vast body of earlier
research, does not rely on individual heterogeneity. It also offers microfoundations for
the differences in the riskiness of payroll and self-employment incomes. In our model
the self-employed forego coordination frictions in the labor market and the sharing of
the match surplus with the firm. They are exposed, however, to coordination frictions
in the goods market.

We also show that the decentralized equilibrium is inefficient if individuals are risk
averse. In this case explicitly modeling trade in the goods market is crucial, as risk
averse self-employed steal business from risk neutral firms by charging low prices. This
under-pricing is a form of self-insurance, which reduces output sold net of recruiting
costs. Interestingly, we show that in this environment unemployment insurance for
self-employed individuals can improve efficiency, because it decreases the incentives
to self-insure. As a result, firm entry increases and prospects in the labor market
improve. Such insurance can therefore increase output sold net of recruiting costs,

while simultaneously sharing risks.

Appendix

5.8.A Proofs for the static model

Proof of Lemma 5.1.

The self-employed post prices to maximize their expected utility as given in (5.3),
offering buyers at least their value V? as given in (5.2). Using the latter, the price

that the self-employed post can be written as a function of V2 and xsg:

VB
1 (xsg)

pse=1-

Substituting out pgg, the self-employed problem can then be written as a choice op the

optimal queue length:

B
max axsgn (Xsg) u(l— )
XSE 1 (Xsg)
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The first-order condition yields:

0
an (xsg) u(psg) + axsgn' (xsg) u(psg) + axsgn (xsg) u' (pse) PSE 1’ (xsp) = 0.
on (xsg)
Dividing by an (xsg) gives:
/ Opse
(1-(xsp)) u(pse) —n(xse) ¢ (xsp) u' (psE) =
on (xsg)
Using that agﬁ; ;= UZZ;), and substituting out V2, we get:
(1-¢(xsp)) u(pse) = ¢ (xsp) u' (pse) (1 - psk), (6.21)

which is equal to (5.4). The price-posting problem of firms is the same, except that firms
maximize expected revenue instead of utility. Replacing u (psg) by pr and v’ (psg) by 1
results in (5.5).

Proof of Lemma 5.3.

After paying an entry cost k, the firm optimally chooses the queue length to maximize
profits

1= q (xpm) (AL (xp) pr—w),
subject to the market utility of workers V'™ as given in (5.6). Via this outside option,

the wage to be paid also depends on x;y;, so that the first-order condition is

w =0
deM_ '

q' (xpm) (AL (xp) pr— w) — q (Xp.m)

The derivative of the wage is obtained from totally differentiating V-, which is fixed:

0=u’(xLM)u(w)+u(xLM)u’(w)d :
XLM

so that the optimality condition reads

W (xpm) u(w)
p(xpp) U (w)

q' (xpa) (AA (xp) pr— w) = —q (xLpm)

xrvi (Xpm)

Finally, note that — TETY)

=1-¢ (x1p), and (5.7) results.
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Proof of Proposition 5.6 and Corollary 5.7.

The mixing condition in (5.13) can be obtained by combining (5.1) with the first condi-
tion of Definition 5.5. It follows that lim4x,.—1- LM = 0" and lim 4y p(ea—1+ LM =17
as long as the denominator of (5.13) is not approaching zero and is positive. Then, we
can substitute out prices and the wage out of the remaining six equilibrium conditions,
so that - together with the mixing condition - we are left with the following three

equations in three unknowns {xsg, Xr, Xz}

¢ (xLm) q(x ] (Aﬂ (xp) ¢ (xp) — q(xLM)) 5.22)

L=g0am) (AL () - ) '
1 Cepan) 1 (AA () )~ (xLM)) = al (xsp) U (1 1 (xp)n((lx_sg (xF))) (5.23)
e A

1-¢(xsp) W (1 _ n(xp)n ((lx_sng)) ) ' '

Existence and uniqueness follow from invoking the Implicit Function Theorem on
this system of equations. To demonstrate the logic of the proof, we prove the risk neutral

case first. Afterwards we show that the same argument applies for CRRA preferences.

Risk neutral preferences. For risk neutral preferences, (5.24) boils down to e & =
e *F, so that xp = xsg, which echoes the fact that risk neutral self-employed and firms
set the same prices. Then, (5.23) implies x;5; = log(A/a), as in (5.12). The mixing

condition can now be restated as

l-ax
0< SE <1,

(lféfg) - “) *s

which places bounds on xgg. In particular, for 1 > LM > 0, it must hold that 1/a > xsg >

log(4)
A-a’

which can only be true if

A>1+l
— o)
p g

A
—) . (5.25)
a

Observe that this condition - the first inequality constraint on the exogenous parameters

to have a mixed strategy equilibrium - also guarantees that the share of prospective
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workers LM is non-negative and finite. Besides, note that condition (5.25) is always
satisfied if A > a.
Equation 5.22 - the only equilibrium condition that is left - can after manipulation

and evaluation at x;5; =log(A/a) be defined as

A-a-alog(4)

h ,a, A k) =
(Xsg,a ) 1

(1-xgpe™™F —e™™E) —k=0. (5.26)

Differentiating (5.26), we find the following relationships:

A-a-alog(4
oh__ g(")xSEe_’CSE>O,

0xsE B A
on =-1<0
ok ’
oh A
1 %log(;) (1-xspe™™F —e™™E) >0,

oh 1 A
% = —Zlog(;) (1 — xSEe_xSE - e_xSE) <0.

Thus, from the Implicit Function Theorem we get, in particular, that ag,SCE > 0. Then,

the bounds for the mixed strategy equilibrium to exist follow from evaluating (5.26) at
At

% to get k(A, a).

The comparative statics of the self-employment rate follow from total differentiation

XSE — %_ to get k (A, a) and xsp —

of the accounting identity on individuals:

OSE*  OLM*
ok 0k

To find the latter, we make use of chain rule: alé]\]f " = aaLxM - aglsf . From the Implicit
SE

Function Theorem applied to (5.26), we have that ag,iE > 0. The derivative of LM* with

A—a
- (log(é) - “)

respect to xsg reads

5 < 0,
A—a
(log(s) - “) ASE
which implies that

>0
0SE*  OLM* dxsp s

ok  Oxsg Ok

——

<0
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The derivatives of bounds on k, k (A, a) and %(A, a), with respect to A and a also

follow from the Implicit Function Theorem:

oh
%:—E>O
0A oh =

A

oh
%:—E<O
da oh "

oa

Preferences with risk aversion. We show that the argument above applies to the more
general case case of u (c) = il_—_; with y € [0, 1], so that now ;‘,((CC)) = ﬁ From (5.24), the

price posting by the self-employed then leads to the following relationship between

queue lengths in the mixed strategy equilibrium:
xp = xsp +log(1 -y (xsp)).

Observe that this implies xr = xgg if and only if y = 0. Otherwise, we have that xr < xsg
whenever the mixed strategy equilibrium exists, and this ratio is decreasing in risk
aversion parameter y. Reformulating (5.24) and (5.24), we then have two equations

with two unknowns x; s and xsg:

(1-y)¢(xLan) m]
= AL - 5.27
" (xp) ¢ (xF) 7 Cean) (5.27)
1=y xp) (1-p(xp))' "
1 () | AN (xp) b (xp) — ) =aA(xSE)(1—" R (1-¢ )) (5.28)
q (xrm) N (xXsg)
We can further simplify (5.27) to
k 1-¢(xm)
= A\ —_— |,
IO R ARl Fperyrm
so that (5.28) becomes
(l—y)</>(xLM))1‘Y ( n(xe) (1- ¢ (xp)\ 7
AL ~ PPl =al 1- .
p(xpar) | AL (xF) @ (xF) =70 Com) a (xsg) 1 (tsE)

Now we set this equation to zero and define it as z (xz s, Xxsg) = 0. Collecting terms,

taking logs and differentiating, results in:

0z W (xrm) . ¢ (xLm)

= - <0 whenever xyp; #0.
Oxim | L) Y oo (1— v eian) M
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0z

xst reads:

The part of z (x5, Xxsg) that is relevant for computing
A(xF)
A (xsE)

Under risk neutrality, y = 0 and we have that the derivative of z with respect to xsg is

) —ylog(A (xp) +(1-7) log(ﬁ) )
PSE

Z(xpm, Xsg) = log (
zero which also implies that x;; does not respond to xsg. After some tedious algebra

one can show that
0z

0Xsg
which also implies that there exists a function xy s (xsg), decreasing in its argument.

<0,

From here we can already establish the existence of equilibrium bounds on k, as the
right hand side of identity:

1-¢(xrm)
1=y (xrm)
is strictly increasing in xsg so that the logic of the existence proof for the risk neutral

k= q (xpp) AL (xF) b (xF)

)

preferences carries over.

Proof of Proposition 5.8.
Using the accounting identity in (5.1), the planner’s objective can be written as:
V8P (V, xsg, SE) = xsgaSE (n (xsg) —1 (xp)) +1 (xp) - Vk. (5.29)

For future reference, note that the partial derivatives of xr with respect to the choice

variables of the social planner are given by:

Oxp XF
v 7((P(XLM)— 1),

axF _ aSE
0XsE Aq(xp)V'
Oxp _ xrAq' (xpm) — axsg

OSE Aq(xLM) %4
Taking the first order condition with respect to the measure of firms:
OV em 2 (1 xgpasE) - k=0
v n \XF v SE =0,

=7’ (xp) (xp)* Aq (xpan) (¢ () —1) -k =0,
= (1 - (xza)) Aq (xa) A (xp)  (x5) = k =0,

which is exactly the free entry condition in the decentralized equilibrium if workers are

risk neutral as given in (5.9), since firms always post pr = ¢ (xF).



182 ‘ Chapter 5. Efficient insurance

Let An =1 (xsg) —n (xFp). Taking the first order condition with respect to the queue
length at the self-employed:

6VsP

0
= SEaAn + xsgaSEn' (xsg) + (1 — xspaSE)n' (xF) 9XF _ 0,
0XsE 0XsE

=1 (xsp) (1— ¢ (xsp)) -1 (xF) (1 - ¢ (xp)) =0,

which (only) for risk neutral self-employed is exactly the buyer indifference condition in
the goods market as in (5.2), since they post psg = ¢ (xsg) (and firms post pr = ¢ (xf)).

Finally, the first order condition with respect to the measure of self-employed:

avsp—x aAn+ (1 — xspaSE) ’(x)aﬂ—o
GSE_SE n SE n FGSE_’

= xspaln+ xpn' (xp) (xpAq' (Xxpm) — xsga) =0,

A !
XSEA
_ _ xpn (xp) Aq' (xLM)<P(xF)) _ _ B
=1 (xsg) (1 xspan (ise) n(xp) (1-¢(xp)) =0.

This equation is equal to the buyer indifference condition in the goods market if

AA !
¢ (xs) = (xp) q' (xpm) ¢ (XF) ’

al (xsg)

which is exactly the condition that makes risk neutral households indifferent between
entering the goods market as self-employed on the one hand and entering the labor

market on the other. Indeed, it makes VM

as given in (5.10) equal to (5.3) when
self-employed post psg = ¢ (xsg). Hence, risk neutrality is sufficient for constrained
efficiency.

Now, let us assume that in the decentralized allocation we have the measure of firms,
the composition of employment, and the queues in the goods market that coincide
with the planner solution. In other words, we assume that the decentralized allocation
{V*,SE*, x},} exactly matches its planner counterpart {V5?, SES?, x3P}. Then, let us
assume that individuals are risk averse. Given that xgg = Xgp» we can directly compare
pgy and the pgg = ¢ (xsg) that decentralizes the planner’s solution. From the optimal
price posting condition we get that under risk aversion pgg # Psp» Which implies that
the buyers’ indifference condition is violated: the buying probabilities equal their

counterparts from the planner’s solution, but the buyers have an incentive to choose
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visits at the self-employed more often. Thus, one of the planner’s solution conditions is
violated. This demonstrates the necessity of the risk neutrality assumption.

Consequently, the decentralized allocation is maximizing net output sold if and only
if individuals are risk neutral.

Proof of Proposition 5.10.

Formally, we consider policies that have to satisfy the balanced-budget identity:
bLM (1 —H (xLM)) LM+ bSE 1- al (XSE)) SE = TLMLM+ SETSE. (5.30)

The introduction of taxes and insurance changes the wage posting by firms and the

price posting by the self-employed. These equations now read:

& (xpp) [AA (xF) pr— W] _uw—Ttim) - u(bry —TrIm)

)

1-¢(xpm) u'(w—1rm)
¢ (xsg) (1 - psE) _u (pse—1sE) — u(bsg —1sE)
1—¢(xsE) u (pse—TsE)

Observe that the taxes themselves are not relevant in the pricing/wage posting
decision, as they affect agents’ wealth in all states (employed/unemployed/selling/not
selling). Because CARA preferences feature no wealth effect, 7; drop out. They do
matter, however, in making the relative comparison of the career choices available.

Starting with pricing by the self-employed:

¢ (xsE) (1 - pSE) 1 e 0Wse—7se) _ o—0(pse—7se) |
1-¢(xsE) ) e~ 0(pse—7sE) ]

(e—H(bSE—PSE) _ 1) )

Now, suppose we wish to find bgr that implements psg = ¢ (x;E) with the queue
length as in the (efficient) allocation under risk neutral preferences. Then, it has to

satisfy the following condition:

1
bsg = ¢ (x55) - Elog(l +0¢ (x5)) -

The wage posting works in an analogous way, namely:

¢ (xrar) [AA (xp) pr — w] _1 (e—a(bLM—w) _ 1)
1-¢ (x1m) 0 '
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Let’s do the same for byy. The efficient wage satisfies w = ¢ (x},,) AL (x}) p. so
that:

B (x7) A1 (7). = 5 e 0 1)
buar = ¢ (xiyr) AN (x7) P — 5108 (1 + 00 (xfyy) AA(37) pf)
Observe, that these conditions have an easy interpretation, namely:
by =w" - %log(l +0w”)
bse = psp— %108(1 +0p5)
The worker indifference condition reads:

VIM = vSE with:

VIM = i epap) w(w —toan) + (1= e (xan) w(bra — Toan)
VS = al (xsp) u(pse — 1sg) + (1 — aA (xsp)) u (bsg — TsE)
so that:

p ) u(w—7oa) + (1 — p(xpa)) w by —Tom) =

al (xsp) u(psg—1se) + (1 — alA (xsg)) u(bsg — TsE) -

-6
With u(c) = 1—2 ‘ , we arrive at the following:

pr (xppg) e 00T 4 (1—p(xran) e 0Lyv—7rrM)

al (xsg) e—@(PSE—TSE) +(1-al (xsE)) e—e(bSE—TSE)
so that:
efTim (IJ (xram) e 0w | (1 —u (xLM)) e—ebLM) — e07sE (a/l (XsE) e OpsE 4 (1 - al (xsg)) e—GbSE)

Using the analytical expressions for by, and bsg we can rewrite the career choice

equation as:
Ot —Ow” +log(1+(1—p(x],,))0w”) =0T —0pss +log(1+ (1 —al(xsp))Opse)-
The taxes can therefore be ranked such that

Tim <Tsp < log(1+ (1—p(x],,))0w")—0w™ >log(1+ (1 —al(xig))0pse) —Opse
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5.8.B Derivations of the dynamic model

Optimal wage posting under general preferences

To derive the wage condition under general preferences, let firms maximize the left-

hand side of the free-entry condition:

u(w) -(1-A-=8))ub)-pA-06)(1-p) VM
RV ——— L
—(1- BA=06)pu(xLm) u(w)—u(b)
p () + (1= p(xra)) (1- B(1-6)) u' (w)
1-p(1-9) u(w)—u(b)

T1-BU-0)(1-pG) @ W)

Risk neutral individuals

If workers are risk neutral and bsg = 0, then the optimal wage posting simplifies to
1-B(1-0)
= w
1-B1-08)(1-plxrm))
¢ (xran) AL (xp) pr (1= B =0) (1 - p(xran))] = [1- Q- 06) (1 - p(xra) ¢ (xran)| w,
= PO AN Cxp) pe [1-B80-8)(1-pxm)]

(5.31)
1-B(1-6)(1—plxrm) P (xrm))
Under these conditions, the value of entering the labor market is given by
a-pyiv e MMl
1-B1-08)(1-p(xrm))
so that individuals are indifferent between careers if and only if
[1-BQ=06)(1—p(xrm))] aA(xsp) pse = p(xpm) w. (5.32)

Substituting the wage of (5.31) in this individuals’ indifference condition, yields:

ke (xpa) @ (xpm) AL (XF) pr
1-B1-06) (1 - p(xpa)  (xeam))
Finally, substituting the wage of (5.31) in the free entry condition of (5.20), yields:

¢ (xpa) AL (xp) pr 1= B =06) (1 — p(xpa)]

al (Xsg) psg = (5.33)

q (xLm F) PE 1= B(1=8) (1 p(xra) ¢ (xra)) e |
[1-B801-8)](1-¢xrm)

(x )A/l(x ) :]C 1- (1_5) )

q\XLm F pFl_ﬁ(1—6)(1—u(xLM)<P(xLM)) -r |

q (xpa) AA (xp) pr (1= ¢ (xpan) ~ L. (5.34)

1-B(1-6)(1-plxrm) ¢ (xram)
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Efficiency

1-xsg,raSE;
AE;

the social planner to:

Using xp; = , and defining An; = 1 (xsg,:) — 1 (x£:), simplifies the objective of

o0
A B [xs,0aSE A + 1 (xp) - Vik]. (5.35)
{xsE,6,Vi,E,SE1} 72, ; [ t ( ) ]

Choosing xsg ; is only an intra-temporal problem, but both SE; and V; determine future

values of employment E. For that reason, we set up a Lagrangian:
(o]
£ = Z {,Bt [xsE,caSE:An:+1(xge) — Vik] +ve [q (xm,e) Ve + (1= 8)Ero1 — E¢l},
t=1

where v; is the Lagrange multiplier on the law of motion for E;.

The first-order condition with respect to xsg ; is

0¥
aJCSE,t

aSE aSE
:ﬁt aSEtAT]t‘l'xSEytaSEt 77/ (xSE,I)-l_T’, (XF'I) d t] :0,

— , ——
ag, ) " ) 4
= aSE/An ¢+ aSE;xsg,m (Xsg,¢) — aSEsxgm (xge) =0,

=n(xsg,e) (1= ¢ (xs8,e)) =1 (x5:) (1 - (x£¢)) =0,
(5.36)

which is the same intra-temporal condition for the goods market as in the static model.
If the self-employed are risk neutral, then psg,; = ¢ (xsg,¢). Together with the price-
setting of firms, this condition then coincides with the buyers’ indifference condition of
the decentralized allocation as given above. Consequently, the decentralized allocation
in the goods market is efficient if individuals are risk neutral.

The first-order condition with respect to V; is

0%
— =-p'k+v; (g (xp,e) — q' (Xoa,e) Xoare] =0, (5.37)

oV,
B'k
q (xLM,t) (1 -¢ (xLM,t))

The first-order condition with respect to E; is

A X
35 B'n' (x£:) % [xsE,taSE;—1] = v+ v [1=8)— g’ (x1m,:) 1 = 8)] =0,
t t

= ’Vt_ (538)

= —ﬁtﬂ' (xEt) Axlzi,t —Vi+Vir1 (1-0) (1 —(P(XLM,,;) y(xLM’t)) =0,
=B AL (xF,t)¢ (xF,t) — VitV (1-06) (1 —(D(JCLM,;) Ivt(xLM,t)) =0.



5.8. Appendix ‘ 187

Substituting (5.38), yields

t _ ,Btk _ ﬁ”lk(l—m (I—QD(XLM,t),U(xLM,t))
PN (e ¢ () = e S g o)) 4G (=9 o))
. q (xene) (1= ¢ (xem,1)) AA (50) ¢ (50)

T S ety (0 =0) (1= (eeaa ) (5, o)

which is a first-order difference equation for optimal entry. In steady state the ratio of
today’s and tomorrow’s matching rates and elasticities is equal to one, and this equation

simplifies to

ke q (xpan) AL (xp) § (xp) (1= ¢ (xpap)
1-p1=8)(1-p(xea) ¢ ()
which equals the free entry condition in (5.34) given that pr = ¢ (xr). Consequently,

(5.39)

free entry in the decentralized allocation is optimal if wages are set for the case that
workers are risk neutral.

The first-order condition with respect to SE; is

0L X5 ASEm (xg:) ' (xg,) xsp,a

t '
= Xsg talAn: + - -V X =0,
3SE, p SE,t AAQT) ¢ AL, AL, tq ( LM,t)

= " [xsp,caln, — xsgraxem (xg:)| = ver (xoa,e) @ (Xoa,e) =0,
= B'xsp,aln(xse,e) =1 (xee) (1= ¢ (%)) ] = Ve (xem,e)  (xra,e) = 0.
Substituting (5.38) and rearranging, results in

"xspraln(x -n(x —o(x :ﬁtk'u(xLM,t)(P(xLM,t)
T [ e

n (xSE,t) ku (xLM,t) ¢ (xLM,t)
aA(xsg,e) q (xea,e) (1= ¢ (xem,e))’

0 =n(xg) (1-¢(x5)),

n(xsg,e) =1 (x5:) (1= ¢ (xE0)) =

fep (xra,e) @ (xra,e)
al (xsg,e) g (xem,e) (1= (xra,e

which coincides with the goods market condition in (5.36) if and only if

n (xSE,t) 1-

ke (xear,e)  (xem,e)
al(xsg,) q(xeae) (1= @ (xme))
Using the steady state optimal firm entry decision in (5.39) to substitute for k,

p(xeae) @ (xeare) G (xoas,e) AL (xE:) @ (xE¢) (L= (xo,e))
q (xrare) (1= (xrane)) [1-BA =8 (1 (xrare) ¢ (x2m,0)) ]
_ B () @ (xease) AL (xE0) ¢ (k1)
1-B(1-6) (1 p(xrare) o (xae))

¢ (xSE,t) =

al (XSE,t) ¢ (xSE,t) =

)
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Given that firms set pr = ¢ (xg) and that risk neutral self-employed set psg = ¢ (xsg,¢),
this is exactly the individuals’ indifference condition in the career choice game if they
are risk neutral, as can be seen in (5.33). Consequently, also the career choice of risk
neutral individuals maximizes total output sold. We conclude that {xgE,t, Vi, Et, SE t}zl

are chosen efficiently by the market.



CHAPTER

Summary

This thesis is titled “On the functioning of markets with frictions”. It studies the
coordination, dynamics and organization of economic activity in markets with search
frictions, with applications in the labor, housing and goods markets. As discussed in
the introduction of this thesis, search frictions make the occurrence of trade risky and
dependent on the actions of others. Indeed, markets with search frictions are generally
characterized by externalities. If there are multiple markets with search frictions, the
expected benefits of trade in one market can depend on the presence and behavior of
trading partners in another market.

The latter is the case in the second chapter of this thesis in the form of a demand
externality. This chapter explains the observed counterclockwise cycles in the unem-
ployment, vacancy rate-plane with a search and matching model that is not driven by
shocks, but features endogenous fluctuations. The assumption that the revenue per
worker-firm match increases with the level of aggregate economic activity makes firms
to open vacancies now if they expect more economic activity in the future. However, if
expectations are not sufficiently optimistic, the congestion of the labor market starts
to dominate the demand externality before a steady state is reached, and oscillations
result. Under plausible parameter values, the equilibrium dynamics include a stable
limit cycle that resembles the empirically observed counterclockwise cycles around the
Beveridge curve. Calibrated to the duration of the business cycle, these endogenous
‘Beveridge cycles’ are as persistent as the data, without losing any of the amplification

of the standard model, and without the use of any (persistent) stochastic process.
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The third chapter of this thesis is based on joint work with Espen Moen and Plamen
Nenov. We argue that the search behavior of moving homeowners can be an important
source of housing market volatility. By choosing whether to buy or sell first, households
who move house affect the ratio of buyers to sellers and market liquidity, with important
consequences for time-on-market, transaction volume, and prices. This chapter shows
that when moving homeowners want to minimize the delay between transactions, they
prefer to buy first whenever there are more buyers than sellers in the market, and to sell
first when there are more sellers than buyers. Indeed, a market with more buyers relative
to sellers exhibits a short time-on-market for sellers and a longer time-on-market for
buyers, and vice versa. However, because the transaction sequence decision of moving
homeowners not only depends on, but also affects housing market conditions, multiple
steady state equilibria result: one with a high ratio of buyers to sellers and a short
seller time-on-market, and one with a low buyer-seller ratio and long seller time-on-
market. Equilibrium switches create large fluctuations in the housing market, which are
qualitatively consistent with the empirical evidence that we document for Copenhagen.

In the fourth chapter, I build on the strategic complementarities identified in the
previous chapter, but assume that the ratio of buyers to sellers is unknown to moving
owner-occupiers. For that reason, homeowners that would like to move cannot always
buy first when that ratio is high or sell first when it is low. Instead, households learn
about the behavior of currently moving owner-occupiers in a contagion-like process.
When contagion is fast enough, these dynamics give rise to three steady states, as in the
previous chapter. However, not everybody buys first in the steady state with tightness
bigger than one, and not everybody sells first in the steady state with tightness smaller
than one, consistent with the heterogeneity in the data for Copenhagen. I extend this
model by allowing real estate agencies to buy houses for speculation purposes. These
boundedly rational agencies compare the return from buying and selling houses to a
risk-free rate, and are active in the market when these returns have been positive for
some time. When moving owner-occupiers take such speculation into account, the
market turns at the troughs and bottoms, but, as the result of the adaptive expectations,
does not return the economy to a steady state. Instead, the dynamics are described by
a limit cycle, which closely matches the aggregate dynamics of the housing market of
Copenhagen.

The fifth chapter, which is joint work with Piotr Denderski, provides a framework to

explain the coexistence of firms and self-employment. Homogeneous households
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face a choice between self-employment and searching for a job at a firm. In the
mixed strategy equilibrium, they trade-off the risk of unemployment in a frictional
labor market with the risk of not selling in a frictional goods market. We show that
risk-averse self-employed can use their pricing decisions to increase their chances of
selling, effectively buying insurance against goods market risk. Since firms offer similar
insurance against labor market risk to risk-averse job seekers by posting lower wages,
the model exhibits two variants of market insurance. Depending on the scope for each,
there can be either too much or too little self-employment. In addition, customers
face an inefficiently high probability of stock-out at the self-employed when these post
low prices, and the wages posted by firms result in excessive firm entry. We show that
insurance for the self-employed, as Denmark and Sweden offer, can restore efficiency if
it is optimally combined with unemployment insurance and differentiated taxes for the
self-employed and labor market participants.

In short, this thesis shows that markets with search frictions can feature excess
volatility, inefficiencies, and diversity in market organization, implying that there is a

potential role for government intervention.
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Samenvatting (Dutch summary)

Dit proefschrift heeft de titel “Over het functioneren van markten met fricties”. Het
bestudeert de coordinatie, dynamiek en organisatie van economische activiteit in
markten met zoekfricties, met toepassingen in de arbeids-, goederen- en woningmarkt.
Economische activiteit in deze markten varieert sterk over de tijd. Het aantal werklozen,
onvervulde vacatures, onverkochte voorraden, of huizen dat te koop staat, kan makkelijk
verdubbelen in de loop van een paar jaar. En zo kan het op het ene moment slechts een
paar dagen duren om een baan te vinden of een huis te verkopen, terwijl op een ander
moment elk van beide meer dan twee jaar in beslag kan nemen. Zoekfricties geven een
verklaring voor het naast elkaar bestaan van werklozen en onvervulde vacatures. Omdat
zoekfricties de handel vertragen, helpen ze ons daarnaast om te begrijpen dat het tijd
kost om te kopen of te verkopen, en waarom dit varieert over de tijd. Ten slotte is het
plaatsvinden van handel vanwege zoekfricties onzeker en afthankelijk van het gedrag
van anderen. Het functioneren van markten hangt dan af van de strategieén van alle
marktdeelnemers, en van de instituties die hun interacties vormgeven. Markten met
zoekfricties worden daarom in het algemeen gekenmerkt door externe effecten.

Wanneer de optimale strategie van één economische agent toeneemt met de
strategieén van anderen, dan is er sprake van strategische complementariteit (Cooper
en John, 1988). In zulke situaties hebben economische agenten prikkels om hun gedrag
te coordineren en zich op eenzelfde wijze te gedragen. Veranderingen in de coérdinatie
van het gedrag van economische agenten kunnen in markten met zoekfricties dus een
verklaring geven voor schommelingen in economische activiteit.

Het eerste artikel dat laat zien dat zoekfricties tot een codrdinatieprobleem kunnen
leiden is Diamond (1982). In een model van een goederenmarkt laat hij zien dat er
meerdere niveaus van economische activiteit zijn waarop economische agenten kunnen
coordineren, als de kans dat agenten een handelspartner ontmoeten toeneemt in het
aantal potentiéle handelspartners. De intuitie is als volgt. Wanneer economische

agenten weinig handelspartners verwachten aan te treffen, doen zij alleen aan de paar
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meest winstgevende projecten, en als gevolg daarvan zijn er daadwerkelijk maar weinig
handelspartners. Omgekeerd zijn er veel handelspartners wanneer iedereen verwacht
dat er veel handelspartners zullen zijn, waardoor er veel projecten winstgevend zijn
en gedaan worden. Diamond en Fudenberg (1989) laten zien dat de dynamiek van
dit model leidt tot schommelingen in economische activiteit die gedreven worden
door verwachtingen die vervolgens uitkomen. De verwachtingen zijn daarom ‘zelf-
bevestigend. Wanneer er meerdere markten met zoekfricties zijn, dan kunnen de
verwachte voordelen van handel in één market athangen van de aanwezigheid en
het gedrag van handelspartners in een andere markt. In aanverwante modellen met
interacties tussen arbeids- en goederenmarkten met fricties, laten Howitt en McAfee
(1992) en Kaplan en Menzio (2016) zien dat exogene veranderingen in verwachtingen
over het niveau van economische activiteit ook zelf-bevestigend kunnen zijn en kunnen
resulteren in meer onregelmatige schommelingen.

In hoofdstuk 2 van dit proefschrift onderzoek ik of een vergelijkbare interactie
tussen arbeids- en goederenmarkt het cyclische gedrag van de werkloosheidsgraad
en het aantal vacatures kan verklaren. Ik veronderstel dat de opbrengst van een
arbeidsrelatie toeneemt met de totale werkgelegenheid. De voordelen van het aangaan
van een relatie in de arbeidsmarkt hangen dus af van het gedrag van anderen op de
arbeidsmarkt, omdat veranderingen in de totale werkgelegenheid invloed hebben op
de opbrengsten die gegenereerd kunnen worden in de goederenmarkt. Verwachtingen
van een hogere werkgelegenheid in de toekomst en daarom een hogere toekomstige
opbrengst stimuleren investeringen in het aangaan van arbeidsrelaties en zijn dus
zelf-bevestigend. Daarom bestaan er onder rationele verwachtingen toch meerdere
evenwichtspaden. Enkele van deze paden convergeren nooit naar een stationaire
toestand, maar naar een stabiele limietcyclus. Er bestaat een limietcyclus omdat er niet
alleen positieve terugkoppeling is, maar ook congestie. Wanneer de werkgelegenheid
hoog is en bedrijven veel vacatures openen, dan kost het meer tijd en geld om één
individuele vacature te vervullen. Deze kosten zijn niet langer gerechtvaardigd wanneer
bedrijven verwachten dat de hoogconjunctuur zal eindigen, en daarom laten zij hun
vacatureaanbod dalen. Als gevolg daarvan daalt de werkgelegenheid, samen met de
opbrengst van een arbeidsrelatie, totdat de arbeidsmarkt zo ruim wordt dat bedrijven
om die reden wel weer vacatures willen openen. De limietcyclus die hiervan het
resultaat is komt overeen met de empirisch geobserveerde cycli rondom de Beveridge

curve - het negatieve verband tussen de werkloosheidsgraad en het aantal vacatures. Ik
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kalibreer deze ‘Beveridge cycli’ en laat zien dat zowel werkloosheid als vacatures net
zo persistent zijn als in de data, zonder iets aan amplificatie te verliezen vergeleken
met het standaard zoekmodel van Pissarides (1985). Persistentie is het resultaat
van het kalibreren van de limietcyclus ten opzichte van de gemiddelde duur van de
conjunctuurcyclus, en is niet gebaseerd op een (persistent) stochastisch proces. De
schommelingen in werkloosheid en vacatures worden gegenereerd door het samenspel
van de positieve en negatieve externe effecten, en dit endogene mechanisme vermindert
de noodzaak voor exogene schokken in het verklaren van de schommelingen.

Zoals duidelijk is uit de hierboven geciteerde literatuur is het gebruikte positieve
externe effect een bekende bron van strategische complementariteit. Hoofdstuk 3 van
dit proefschrift, dat gebaseerd is op gezamenlijk werk met Espen Moen en Plamen
Nenov, laat zien dat huiseigenaren met een wens om te verhuizen ertoe aangezet
worden om hun zoekgedrag te codrdineren vanwege een reden die niet eerder in de
literatuur naar voren is gebracht. Verhuizende huiseigenaren moeten zowel een nieuwe
woning kopen als hun oude woning verkopen. Ze kunnen besluiten om eerst te kopen
of eerst te verkopen, maar zoekfricties veroorzaken vertragingen voor zowel kopers
als verkopers en resulteren in een periode tussen de twee transacties. In deze periode
hebben huiseigenaren dubbele maandlasten (als zij eerst kopen) of wonen zij in een
tijdelijk onderkomen (als zij eerst verkopen). Als verhuizende huiseigenaren deze
kostbare periode zo kort mogelijk willen laten duren, dan zullen zij geneigd zijn om de
transactie die het snelst kan, als laatste af te sluiten. Wanneer er bijvoorbeeld relatief
veel kopers in de markt zijn, dan is de verwachte verkooptijd kort, en is het slim om
eerst te kopen. Maar omdat huiseigenaren die eerst willen kopen het overschot aan
kopers op de markt versterken, wordt de prikkel om eerst te kopen alleen maar groter.
Omgekeerd is het aantrekkelijk om eerst te verkopen wanneer er relatief veel verkopers
in de markt zijn en woningen relatief lang te koop staan, dus precies wanneer anderen
ook eerst verkopen. Als gevolg hiervan bestaan er twee stationaire evenwichten: één
waarin iedereen eerst koopt en er relatief veel kopers zijn, en één waarin iedereen eerst
verkoopt en er relatief veel woningen te koop staan.

Bovenstaande strategische complementariteit bestaat zonder een expliciete rol
voor huizenprijzen. Wanneer huizenprijzen endogeen zijn, als het resultaat van Nash
onderhandelingen of een competitive search evenwicht, dan komt er een extra bron
van strategische complementariteit bij. Verhuizende huiseigenaren die eerst gekocht

hebben zijn vanwege dubbele maandlasten relatief ongeduldig om hun oude woning
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te verkopen. Zij zijn daarom bereid om tegen een relatief lage prijs te verkopen. De
mogelijkheid om het ongeduld van zo'n eigenaar met dubbele maandlasten uit te
buiten maakt het voor andere verhuizende huiseigenaren aantrekkelijk om de markt
als koper te betreden. Wanneer zij vervolgens eerst kopen, eindigen zij ook met
dubbele maandlasten, ertoe bijdragend dat weer anderen hun voorbeeld zullen volgen.
Omgekeerd zorgt de aanwezigheid van ongeduldige kopers ervoor dat ook anderen
eerst verkopen en zo zelf ongeduldige kopers worden. Zoals Burdett en Coles (1998) al
hebben laten zien maakt de samenstelling van de groep van potentiéle handelspartners
inderdaad uit voor de verwachte baten van het zoeken naar een partner. Wij tonen ook
aan dat de prikkel om eerst te kopen groter is als verhuizende huiseigenaren verwachten
dat huizenprijzen gaan stijgen. Wie eerst koopt, profiteert immers van de prijsstijging
die plaatsvindt tussen beide transacties, onathankelijk van de verhouding tussen kopers
en verkopers in de markt. Omgekeerd heeft een huiseigenaar die eerst verkoopt baat
bij een prijsdaling. Als de prijzen toenemen met de verhouding tussen kopers en
verkopers, dan kunnen zelf-bevestigende verwachtingen de woningmarkt daarom
destabiliseren en resulteren in plotselinge schommelingen in huizenprijzen en de
verhouding tussen kopers en verkopers. Wanneer huiseigenaren immers verwachten
dat huizenprijzen gaan dalen, zullen zij geneigd zijn eerst te verkopen, waarmee zij
het aantal verkopers in de markt vergroten en huizenprijzen ook daadwerkelijk dalen.
Zulke schommelingen zijn kwantitatief relevant, aangezien een sprong van een ‘eerst
kopen’ naar een 'eerst verkopen’ evenwicht kan leiden tot prijsdalingen van 30 procent
en tot bijna een verdubbeling van de verkooptijd. Ten slotte laten we zien dat deze
variabelen, inclusief de fractie van verhuizende huiseigenaren die eerst kopen, zich tot
elkaar verhouden zoals in de data voor Kopenhagen.

In deze data voor Kopenhagen bereikt de fractie van verhuizende huiseigenaren
die eerst kopen echter nooit nul of honderd procent. Bovendien neemt de transitie
van het minimum naar het maximum van deze fractie twaalf jaar in beslag. Daarom
bouw ik in hoofdstuk 4 van dit proefschrift voort op de analyse van het voorgaande
hoofdstuk maar laat de perfecte codrdinatie van verhuizende huiseigenaren los door te
veronderstellen dat zij noch de verhouding tussen kopers en verkopers noch de fractie
van andere verhuizende huiseigenaren die eerst kopen kennen. Hoewel het aantal
verkopers simpelweg afgeleid kan worden uit het aantal woningen dat te koop staat, laat
het aantal kopers in de markt zich niet direct zien. Als gevolg daarvan is de verhouding

tussen kopers en verkopers niet precies bekend, terwijl dit de cruciale variabele is die
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het optimale gedrag van verhuizende huiseigenaren bepaalt. In plaats daarvan leren
eigenaren het gedrag van anderen kennen via een besmettingsproces a la Lux (1995).
Als besmetting krachtig genoeg is dan bestaan er meerdere stationaire evenwichten
met een fractie van verhuizende huiseigenaren die eerst kopen ongelijk aan nul of
honderd procent. Huizenprijzen zijn echter laag wanneer verhuizende huiseigenaren in
meerderheid eerst verkopen. Zulke periodes bieden echter kansen aan speculanten om
woningen goedkoop op te kopen, te verhuren, en later met winst te verkopen. Daarom
breid ik het model uit met speculanten met begrensde rationaliteit die woningen kopen
wanneer deze goedkoop zijn. Als verhuizende huiseigenaren rekening houden met de
aanwezigheid van zulke speculanten, dan kan de fractie van verhuizende huiseigenaren
die eerst kopen voor eeuwig schommelen op een wijze die nauw overeenkomt met de
geobserveerde schommelingen in de woningmarkt van Kopenhagen, en waarschijnlijk
in andere woningmarkten. De fractie van verhuizende huiseigenaren die eerst kopen
beweegt langzaam en evenredig met het aantal transacties en woningprijzen, en
omgekeerd evenredig met de verkooptijd en het aantal woningen dat te koop staat.
De interactie tussen de goederen- en arbeidsmarkten met zoekfricties in hoofdstuk
2 is van een herleide vorm. Hoofdstuk 5, gebaseerd op gezamenlijk werk met Piotr
Denderski, modelleert beide markten expliciet. Daarmee benadrukt dit hoofdstuk
zowel het risico op werkloosheid in de arbeidsmarkt als het risico om met onverkochte
voorraden in de goederenmarkt te blijven zitten. Wij poneren een theorie van de
graad van zelfstandigen zonder personeel (zzp'ers) en de rol van bedrijven in het
functioneren van markten. Deze theorie is gebaseerd op de afruil van de twee risico’s en
de mogelijkheden om zich ertegen te verzekeren. Omdat elk van beide risico’s toeneemt
met het aantal individuen dat risico loopt, zijn de keuzes om zzp’er te worden of in
loondienst te gaan strategische substituten. Er bestaat daarom een uniek evenwicht
waarin zzp'ers en werknemers in loondienst naast elkaar kunnen bestaan. Dit evenwicht
is onder risico-averse voorkeuren echter inefficiént. Eén reden voor deze inefficiéntie,
aangedragen door Acemoglu en Shimer (1997), is dat werkgevers de arbeidsmarkt een
verzekering bieden door lagere lonen te betalen en de baanvindkans te verhogen. In
ons model maakt zo'n verzekering bovendien de keuze voor een carriere in loondienst
extra aantrekkelijk. Een andere bron van inefficiéntie, één die niet eerder naar voren is
gebracht in de literatuur, wordt veroorzaakt door de mogelijkheid voor een zzp’er om
zichzelf te verzekeren door lage prijzen te stellen en zo zijn verkoopkans te verhogen.

Ondanks een gedeeltijke reactie in prijsstelling van bedrijven, trekt deze verzekering
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klanten weg van bedrijven met werknemers waardoor de allocatie van klanten in de
goederenmarkt verstoord wordt. Daarmee worden de kansen op en baten van handel
voor bedrijven kleiner, waarop zij het aantal vacatures verminderen. Als gevolg daarvan
neemt het risico op werkloosheid toe en wordt de keuze voor een carriere als zzp'er
relatief aantrekkelijker. De combinatie van deze vormen van verzekeringen resulteert in
een zzp-graad die te hoog of te laag kan zijn, maar in het algemeen inefficiént is. We
laten vervolgens zien dat werkloosheidsuitkeringen en uitkeringen voor zzp’ers die hun
voorraden niet kunnen verkopen, betaald uit belastingen met verschillende tarieven
voor zzp'ers en werknemers, elk van de inefficiénties kan corrigeren terwijl de begroting
in balans is. In de aanwezigheid van zoekfricties kunnen herverdeling en efficiéntie dus
in dezelfde richting bewegen, en is er een rol voor instituties om het functioneren van
markten te verbeteren.

Dit proefschrift laat nogmaals zien dat externe effecten de norm en niet de uitzon-
dering zijn in markten met zoekfricties. Het is cruciaal om rekening te houden met de
inefficiénties en positieve terugkoppeling die daarvan het gevolg zijn om de recente

ontwikkelingen in arbeids-, goederen- en woningmarkten te begrijpen.
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