DISCUSSION PAPER SERIES

No. 8132

OPTIMAL UNEMPLOYMENT
INSURANCE OVER THE BUSINESS
CYCLE

Camille Landais, Pascal Michaillat and
Emmanuel Saez

LABOUR ECONOMICS and PUBLIC
POLICY

Canre fer Econemic Pelicy Researdn

www.cepr.org

Available online at: www.cepr.org/pubs/dps/DP8132.asp



ISSN 0265-8003

OPTIMAL UNEMPLOYMENT INSURANCE OVER THE
BUSINESS CYCLE

Camille Landais, SIEPR, Stanford University
Pascal Michaillat, London School of Economics
Emmanuel Saez, University of California, Berkeley and CEPR

Discussion Paper No. 8132
December 2010

Centre for Economic Policy Research
77 Bastwick Street, London EC1V 3PZ, UK
Tel: (44 20) 7183 8801, Fax: (44 20) 7183 8820
Email: cepr@cepr.org, Website: www.cepr.org

This Discussion Paper is issued under the auspices of the Centre’s research
programme in LABOUR ECONOMICS and PUBLIC POLICY. Any opinions
expressed here are those of the author(s) and not those of the Centre for
Economic Policy Research. Research disseminated by CEPR may include
views on policy, but the Centre itself takes no institutional policy positions.

The Centre for Economic Policy Research was established in 1983 as an
educational charity, to promote independent analysis and public discussion
of open economies and the relations among them. It is pluralist and non-
partisan, bringing economic research to bear on the analysis of medium- and
long-run policy questions.

These Discussion Papers often represent preliminary or incomplete work,
circulated to encourage discussion and comment. Citation and use of such a
paper should take account of its provisional character.

Copyright: Camille Landais, Pascal Michaillat and Emmanuel Saez



CEPR Discussion Paper No. 8132
December 2010

ABSTRACT

Optimal Unemployment Insurance over the Business Cycle*

This paper analyzes optimal unemployment insurance over the business cycle
in a search model in which unemployment stems from matching frictions (in
booms) and job rationing (in recessions). Job rationing during recessions
introduces two novel effects ignored in previous studies of optimal
unemployment insurance. First, job-search efforts have little effect on
aggregate unemployment because the number of jobs available is limited,
independently of matching frictions. Second, while job-search efforts increase
the individual probability of finding a job, they create a negative externality by
reducing other jobseekers' probability of finding one of the few available jobs.
Both effects are captured by the positive and countercyclical wedge between
micro-elasticity and macro-elasticity of unemployment with respect to net
rewards from work. We derive a simple optimal unemployment insurance
formula expressed in terms of those two elasticities and risk aversion. The
formula coincides with the classical Baily-Chetty formula only when
unemployment is low, and macro- and micro-elasticity are (almost) equal. The
formula implies that the generosity of unemployment insurance should be
countercyclical. We illustrate this result by simulating the optimal
unemployment insurance over the business cycle in a dynamic stochastic
general equilibrium model calibrated with US data.
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1 Introduction

Unemployment insurance (Ul) is a key component of socialrizisce in modern economies,
and whether to increase or decrease the generosity of Uhglueicessions is a critical and
controversial public policy question. On the one hand, gaimeunemployment benefits could
discourage job search during recessions and worsen ungmeid On the other hand, high

unemployment during recessions does not seem due to a lgok-ekarch effort but rather a

scarcity of jobs.

To characterize optimal unemployment insurance over tlsnbas cycle, our paper uses
a search-and-matching model in which jobs are endogenoasbned in recessions. We ex-
tend the model itMichaillat (2010 to allow for endogenous job-search efforts by unemployed
workers. In this model, the combination of real wage rigi@ditd diminishing marginal returns
to labor gives rise to job rationing in an economic equililbni as well as realistic employ-
ment fluctuations over the business cycle. Effectivelynopleyment stems from two sources:

matching frictions (in booms) and job rationing (in recess).

Job rationing introduces two novel effects that have beearid in previous studies of op-
timal unemployment insurandeThe textbook model of optimal Ul focuses on the trade-off
between insurance value of unemployment benefits and casteshployment benefits from
reduced job-search efforBéily 1978 Chetty 2006a Our first departure from the textbook
model is to measure the cost of Ul, not solely from lower deaftorts, but from higher unem-
ployment that lower search efforts generate in generalibguim. In our model, the relation
between lower search efforts and higher unemployment examer the business cycle. In good
times, unemployment is due to matching frictions so thatbéigearch effort translates directly
into lower unemployment as in the textbook model. In bad sinl@wever, unemployment is
due to job rationing while matching frictions contributélé to unemployment, and are not

relevant to understanding unemploymevtchaillat 2010. Accordingly, aggregate job-search

1For example, the Economist in November 2009 reads: “It maynskeartless to counsel against too much
support for the unemployed but incentives matter even winemyployment is high. Firms in rich countries make
hires equivalent to some 14-15% of all employment in deepssions, according to the OECD. More generous
benefits will mean vacancies are filled less quickly, pushipgnemployment.”

2A few recent studies Andersen and Svarer 201@011 Kiley 2003 Kroft and Notowidigdo 2010
Moyen and Stahler 200%anchez 2008have started to analyze the issue of optimal Ul over thenessi cy-
cle. We discuss in detail in Secti@how our model differ from those studies.



efforts have little influence on aggregate unemploymentil&®\memployment benefits do re-
duce search efforts in recession, this reduction only asze unemployment negligibly. Our
second departure from the textbook model arises from theepoe of a negative externality
caused by job rationing, which plays a large role in recessldnemployed workers choose
their search effort based on the effect of individual effumtthe probability of finding a job,
taking the job-finding probability per unit of search effag given. Yet, since only a limited
number of jobs is available, increasing one’s probabilitfirading a job mechanically reduces
other jobseekers’ probability of finding one of the few aable jobs. Thus, individuals tend
to search too much for jobs. The government corrects thereality by providing unemploy-
ment benefits reducing job-search efforts. Therefore,dlseaf Ul from higher unemployment
(through reduced search effort) decreases in recessidrharvalue of Ul from correcting the
job-rationing externality increases in recession. Therasce value of Ul from consumption
smoothing remains constant over the cycle. Hence, optirha fore generous in recessions

than in expansions.

We begin the analysis in a one-period, general equilibriuodeh , whose equilibrium
matches the steady-state of the dynamic model introduted \&e can study the equilibrium
of this simple static model analytically, and representigigdammatically in a labor supply-
labor demand framework. We characterize the optimal lefeinemployment benefits and
tax rates across equilibria parameterized by differergl&eof technology. Our wage-rigidity
assumption implies that when technology is high, wagesaegively low, which drives un-
employment down (“an expansion”). Conversely, when tetdmois low, wages are relatively
high, which drives unemployment up (“a recession”). Weded simple optimal unemploy-
ment insurance formula expressed in terms of sufficientssitzd that can be empirically es-
timated: risk version, as well as micro-elasticity and maglasticity of unemployment with
respect to net reward from work. The micro-elasticity is wedi as the elasticity of the proba-
bility of unemployment of a single worker whose individuainiefits are changed. The macro-
elasticity is defined as the elasticity of aggregate uneympént to Ul when labor market tight-
ness adjusts. We obtain a formula in terms of these statibecause the macro-elasticity
captures the increase in aggregate unemployment caused thyough lower search effort,
while the correction needed for the job-rationing extatpa measured by the wedge between

micro-elasticity and macro-elasticity. Our formula isyweeneral as it is expressed with suffi-
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cient statistics, and is therefore robust to changes intingtives of the modef

In low-unemployment periods, the macro- and micro-elé@gtare (almost) equal, and the
formula coincides with the classical Baily-Chetty formulia high-unemployment periods, the
macro-elasticity decreases sharply while the micro-eiagtremains broadly constant. Our
formula implies that the generosity of optimal unemploymsurance is countercyclical
and higher than in the traditional Baily-Chetty formula tero reasons. First, the elasticity
that should be used in the Baily-Chetty formula is the madesticity instead of the micro-
elasticity, as only the macro-elasticity of unemploymeratters for the government budget.
Therefore, during recessions when the macro elasticityalsr, the optimal replacement rate
is higher. Second, the correction for the job-rationingeexality depends positively upon the
wedge between micro- and macro-elasticity. In recessibesywedge is large and the optimal
replacement rate is even higher. With no concern for insigdimear utility), the government

should still provide Ul in recessions.

Next, we use numerical methods to quantify optimal unemmplent insurance in a dynamic
stochastic environment that accounts fully for rationgbextations of firms and workers, as
well as the law of motion of unemployment. We calibrate a DS@&del with US data.
Technology shocks drive business cycle fluctuations. Weulsita the time path of optimal
unemployment benefits and labor taxes in response to a tlegynshock. A 1% decrease in
technology requires an increase in the replacement rateooftd .5%. Thus, the countercycli-

cal pattern of optimal Ul is quantitatively large.

The paper is organized as follows. Sectineviews the related literature. Secti®presents
a one-period model that transparently illustrates the kenemic mechanisms, obtains opti-
mal Ul formulas expressed in terms of sufficient statist&eg] proposes a numerical illustra-
tion. Section4 uses a DGSE model to obtain more realistic dynamic simulatiGectiorb

concludes.

3As shown byChetty (20064 2009 in the Baily model, our optimal replacement rate formularessed in
terms of “sufficient statistics” is quite general and cae@er to models in which individuals can partially self-
insure.



2 Related Literature

Our paper is related to a large literature that analyzesnghtl theoretically and numerically.
Following the work ofBaily (1978, a theoretical literature in public economics and maaneec
nomics has studied optimal Ul in search models in which tieeadrade-off between insurance

and incentives to sear¢h.

Papers have analyzed the optimal sequencing of benefitdgaesd to finance them) over
time (Hopenhayn and Nicolini 199Kocherlakota 2004Mortensen 197;7Shavell and Weiss
1979 Shimer and Werning 2008 Other studies have simulated optimal unemployment in-
surance in calibrated models considering various inseréoals Eredriksson and Holmlund
200% Hansen and Imrohoroglu 199Rentz 2009 Wang and Williamson 2002 Other papers
have characterized optimal Ul when unemployment benegtediwagesCahuc and Lehmann
200Q Coles and Masters 20R6However, none of those take business cycle fluctuaticias in

account.

Moreover, many papers have considered models with exteesahnd their consequences
for optimal unemployment benefits. General efficiency cbods have been established for
search models iflosios(1990 and Moen (1997. Diamond (1981 shows that, if the dis-
tribution of job offerings becomes more attractive whernréh@&e more vacancies and more
unemployment, then the steady-state equilibrium is natiefft and Ul can restore efficiency
by making workers more selective in the jobs they accépemoglu(2001) develops a model
of noncompetitive labor markets in which good and bad jolexist, and in which Ul can shift
employment toward good jobs and improve efficienigyarimon and Zilibotti(1999 develop
a model in which Ul reduces employment but also helps worteeget a suitable job. These
three papers assume risk neutrality so Ul is just a subsidgdarching longer and improving
the quality of job-worker matcheécemoglu and Shimg1999 show that, with risk aversion,
Ul induces workers to seek high-wage jobs with high unempleyt risk, and hence improves
both risk sharing and outpupinnewijn(2010 extends the Baily model to the case where un-
employed workers have biased beliefs regarding future eynpént, which calls for corrective
unemployment insurance over and above the traditionayBaimula. Kroft (2008 considers

a model of optimal Ul with endogenous take-up driven in pgrsbcial interactions that create

4Fredriksson and Holmlung008 offer a recent survey.



an externality. He extends the Baily-Chetty formula andaghthat the macro-elasticity is the
relevant one and that the externality requires an additiooraection to the formula. In con-
trast to these studies, our paper zooms on an externalitioderelogenous job rationing that is

inherently tied to the business cycle.

A few recent studies have started to study optimal Ul ovebti@ness cycleKiley (2003
and SancheZz2008 use partial equilibrium models in which benefits are pasttehave less
distortionary effects in downturns than in booms. In caostirave construct a model in which

such a pattern arises in general equilibrium.

Using general equilibrium models with frictional labor rkats,Andersen and Svaré201Q
2017 and Moyen and Stahlef2009 find countercyclical optimal benefits when the govern-
ment is not constrained to balance its budget each periadabes an intertemporal budget
constraint instead. In these models, optimal Ul is cougtdical because the government uses
Ul to smooth consumption over the cyéleln contrast, we impose a period-by-period bud-
get balance so that the government cannot use Ul as a vebrdigértemporal consumption
smoothing through deficit spending. In spite of this retisic we find that optimal unemploy-

ment benefits are countercyclical.

Kroft and Notowidigdq2010 propose a model, close in spirit to the traditional Bailydab
in which the elasticity of unemployment duration with resfge benefits, and accordingly opti-
mal unemployment benefits, may vary over the business cgalee the cyclicality of elasticity
is theoretically ambiguous (it depends on the parametdiseahodel), they propose an empir-
ical estimation. All the variation of optimal Ul comes fromanation in the micro-elasticity in
their Baily formula. In contrast in our model, the micro-siaity of unemployment with re-
spect to net reward from work is roughly constant; the caugticality of optimal Ul comes
from the procyclicality of the macro-elasticity; this pymticality arises from the presence of

job rationing.

5To reinforce this pointAndersen and Svar¢2010 find that optimal benefits should peocyclicalwhen they
derive comparative statics in the static version of the rhfidevhich there is no room for risk sharing through
intertemporal substitution of consumption). In the dynamiodel, optimal benefits are countercyclical to allow
risk sharing over the business cycle.



3 Static Model

This section presents a one-period model of the labor mankétderives a simple optimal
unemployment insurance formula that can be expressedmstef estimable elasticities. The
key economic mechanisms are transparent in this modeltaaduilibrium can be represented
diagrammatically. Furthermore, its equilibrium corresgs to the equilibrium of the dynamic

model of Sectionrt in which there would be no aggregate shocks and no discauntin

3.1 Description of the economy and equilibrium with Ul
3.1.1 Labor market

At the beginning of the period, a fraction-1U of all workers are allocated to a job without
having to search. One can think of thesel workers as incumbent, who were already on the
job in the past. A fractiotd of all workers have to search for a job. One can think of thése
workers as unemployed workers, who did not have a job in tee pnemployed workers exert
an average search effdtper worker. Firms opeX vacancies to recruit these jobseekers. The
number of matches is given by a constant-returns matchinctitnm(E - U,V) of aggregate
effort E -U and vacancie¥, differentiable and increasing in both arguments. Coadgion
the labor market are summarized by the labor market tigetnes

Vv

S .
E-U

The matching technology is such that not all unemployed a@rican find a job, and not all
vacancies can be filled. An unemployed worker searching wdividual efforte finds a job
with probability

m(E-U,V)

e f(e)zeoﬁ:e-m(l,e), 1)

and a vacancy is filled with probability

q(8) = M —m(1/6,1) = @



In a tight market, it is easy for jobseekers to find jobs—thefjoding probability per unit of
search effortf (0) is high—and difficult for firms to hire workers—the job-filinprobability
q(0) is low. We assume that the matching function is Cobb-Douyglashat

f(8) = wm-6"™", q(8) = w07, wm e (0,4%), n e (0,1).

3.1.2 Household

The representative household is composed of a mass onenticalevorkers with utility that
depends on consumptidd and job search efforE of the formu(C) — k(E) whereu(.) is
increasing and concave ak(l) is increasing and convex. To simplify derivations, we assum

an isoelastic cost of effort

E1+K

K(E) = ux - wx € (0,4), K € (0,400).

1+K’
Each individual can neither borrow nor save, and consunidsealincome each peridtl.
When working, an individual earns wagé The government taxes earnings at tatefinance
unemployment benefits- W when unemployed. We denote Bf =W - (1—t) consumption
when employed and b@" = b-W consumption when unemployed. We denotetbyt +b
the total implicit tax on work and bC = C®*—C!Y = (1—1) - W the net reward from workt
measures the generosity of the Ul system and we refeatothe net replacement rate in what
follows.” Our representative household does not provide insuranite teembers, unlike in
other standard search-and-matching modatsdplfatto 1996 Merz 1995. Members of the
household, however, decide collectively how much to sefocjobs. This collective decision
imposes that unemployed members take into account thet efféiseir search effort on their
probabilityof finding a jobconditional on being unemployed, and on their probabditpeing
unemployedn the first place. This theoretical construct aims to captara one-period model

the fact that in a dynamic model, higher search effort ireesahe probabilitgf finding a job

6We discuss later on how our results extend to the case withgambus savings or self-insurance paralleling
the analysis oChetty(20063.

"The gross replacement rate is traditionally defined asC"/W while the net replacement rate is defined as
CY/C&f=b/(1—1) ~ b+t =1 when the tax rate is small. As the unemployment rdteis small relative to the
working populationt is also small justifying why we catfl the net replacement rate.



in the current period, and decreases the probatufityeing unemployeith the future.

More precisely, the household chooses its labor suNply maximize its aggregate utility.
SupplyingN® units of labor provides consumpti@f to N household members. The-INS
unemployed household members consume GHlYSupplyingNS units of labor is costly: while
a fraction 1 s of the N*® jobs is filled immediately at no cost, a fractismf the jobs must be
filled through matching on the labor market. The fractgaof jobs that are unfilled aims to
capture simply the effects of job turnover and matchingdifsits in our one-period model. A
highers means more job turnover, and hence more job séaiide 1— (1—s) - NS household
members unemployed at the beginning of the period must erarch effortE to fill s- N°®
vacant jobs. Givenl), a fractionE f(8) of these jobseekers will find a job. Therefore, the

required effort is such that
E-f(8)-[1—(1-s)NJ=s-N°S, 2)

which imposes a utility co¥(E) on the 1— (1 —s) - N® jobseekers.

Equivalently, the household chooses eftério maximize its aggregate utility
- [1_ (1_ S) ' NS<E7 e)] ’ k(E) + [1_ NS(E7 e)] ' U<Cu) + NS(E7 e) ' U<Ce)7

whereB, CY andC* are taken as given and the labor supfyE, 6) is given by

1
E.S(e) +(1_S).

N*(E,6) = 3)

—|

This labor supply equation comes directly froR),(@and determines how search eff&rtrans-
lates into employment for a given labor market tightn@ssNS(E, 0) increases wittE and
0.

DenotingAu = u(C®) — u(C"), we can show that the optimal search efférsatisfies

E
/
K(E)- 15 =Au+(1-9)-K(E), (4)

8In the dynamic setting of Sectiof s corresponds to the job destruction rate each period. Herisehe
fraction of employed workers who lose their job each peréod] 1- sthe fraction who retain their job. 2 (1 —
s)N is the number of unemployed workers at the beginning of eaciog.




This optimality condition can be rewritten as

skflgg)) +k(1—9)K(E) = Au, (5)

which determines optimal effort as a functi&i8, Au) of the labor market tightnedsand the

Ul programAu. E(8,Au) increases witt® andAu.

To summarize, labor suppMs(E(6,Au),8) increases with labor market tightnesand
incentive to searclhu. Both properties of the labor supply are illustrated in Fegil, which
plots labor supply curves corresponding to high incentivegarchAu (plain line) and low
incentive to searchu (dotted line) in a pricé-quantityN diagram. As we shall see, in our
model with rigid wages, the labor market tightn@&sacts as a price to equalize labor supply

and labor demand.

3.1.3 Firm

The representative firm produces a consumption good taking and wage as given.

ASSUMPTION 1 (Diminishing marginal returns to laborJ he production function i5 (N, a) =
a-N% a €0,1). a> 0 is the level of technology that proxies for the positionhie business

cycle.

To capture the effects of job turnover and matching frictiome assume that while a fraction
1—s of the N9 jobs opened by the firm are filled immediately at no cost, thm fitust post
vacancies to advertise the fractisof its N9 jobs that are vacant. Keeping a vacancy open has
a cost off - a units of consumptiod. The recruiting cost € (0, +-) captures the resources that
firms must spend to recruit workers because of matchingdrist We assume away random-
ness at the firm level: a firm fills a job with certainty by openityq(0) vacancies, and thus
spends -a/q(0) to fill a job. When the labor market is tighter, a vacancy is léeely to be

filled, a firm must post more vacancies to fill a vacant job, awluiting is more costly.
A firm chooses employmemt? to maximize real profit (the price is normalized to 1)

r-a
n= F(Nd,a)—W-Nd—w- (s-Nd>.

9As we shall see, normalizing costs by the technology leginplifies the derivations.
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The wagaW is set once a worker and a firm have matched. Since the mapyo@uict of labor
always exceeds the flow value of unemployment, and sinceabanecy-posting cost and cost
of job-search effort are sunk for firms and workers at the tohenatching, there are always
mutual gains from trade. There is no compelling theory of evdgtermination in such an
environment ilall 2005 Shimer 200} In fact in our one-period model, any wage0, +)
could be an equilibrium outcome in a labor market with pasigmployment. That is, the wage
would never result in an inefficient allocation of labor fréine joint perspective of the worker-
firm pair. This property arises because firms start withoytemployees and the production
function satisfies lig_,o MPL(N) = 4. Given the indeterminacy of the wage in our frictional

labor market, we opt to use tlianchard and Gal2010 wage schedule.
ASSUMPTION 2 (Wage rigidity) The wage idV(a) = wp - aY¥, wp € (0, +), y € [0,1).

The parametey captures wage rigidity. If = 0, wages are independent of technology and
there is complete wage rigidity. #f= 1, wages are proportional to technology and there is
no wage rigidity. Ify € [0,1), when technology is high, wages are relatively low, driving
employment down as in expansions. Conversely, when techpad low, wages are relatively

high, driving unemployment up as in recessions.

From now on, we always denote By the marginal product of lab@F /ON. The first-order

condition of the firm problem defines implicitly the labor danaN¢(a, 8) with

S-r-a

F/(N% a) =W(a) + : 6
(N%,2) =W(a) + = (6)
Using the functional-form assumptiofisand2, and dividing bya, we can rewrite®) as
1 sr\ Y@
Nd —dZ (wp-ar e 2 : 7
o8- {z (%" 75)) @

Sinceq(8) decreases i® andF'(N,a) decreases ilN, the labor demand scheduh¢ (8, a)
decreases witB when there are diminishing returns to labar< 1). Moreover,Nd(e,a) in-
creases witlawhen wages are rigidy 1). Both properties of the labor demand are illustrated
in Figure1, which plots labor demand curves for high (top panel) andtestinology (bottom

panel) in a pricé-quantityN diagram.

10



3.1.4 Equilibrium

Given a Ul programiu and technology, labor market tightness equalizes labor demand to

labor supply in equilibrium:
N(Au,a) = N%(E(6,Au),6) = NU(8,a), 8)

whereN(Au, a) is equilibrium employment. The equilibrium is illustratedrFigurel. Equilib-
rium employmeniN(Au, a) is given by the intersection of the downward-sloping labemdnd
curve with the upward-sloping labor supply curve. Laborkeatightness acts as a price that
equalizes supply and demand in this frictional model. Iblasupply is above labor demand,
supply and demand can be equalized through a reductionon talrket tightness that both re-
duces the hiring costs to increase labor demand (equatiam\{hich 1/q(8) increases witld),
and reduces the job-finding probability as well as optimarae effort to reduce labor supply

(equations ) and 6) in which f(8) increases witl®).

As showed byMichaillat (2010, job rationing results from the combination of diminish-
ing returns to labord < 1) and wage rigidity { < 1).1° In our one-period model, these two
assumptions translate into a downward-sloping labor dentamve that shifts down after a
negative technology shock as depicted on Figunden moving from the top to bottom panel.
As discussed at length Michaillat (2010, there is ample historical and empirical evidence in
favor of these two assumptions. Furthermore, these tworgstsons are necessary to provide a
realistic description of business cycle fluctuations inléier market. The rigid-wage assump-
tion (y < 1) is critical for labor market tightne€¥to depend (positively) on the technology
level a, the key ingredient to obtain sufficient unemployment flations in the search model
(Hall 2005 Shimer 200%. Our model aims to describe cyclical fluctuations, and tsump-
tion of diminishing returns to labon(< 1) captures the fact that production inputs (especially
capital) do not adjust fully to changes in employment at hess cycle frequency. If capital
and labor are the only production inputs and capital is asslim be constant in the short run,

the production function has diminishing marginal retuim&bor as in Assumptiof.

OMmichaillat (2010 defines job rationing as the property of a frictional labarket that does not clear even at
the limit when matching frictions disappear.

11



3.2 Optimal unemployment insurance
3.2.1 Government problem

The government chooses the net reward from wiitk= C* — CY to maximize expected utility
N3(E,0) - u(C"+AC) + [L—N°(E,0)] - u(C") — [1— (1—5s)-N3(E, 0)] - k(E) (9)

whereNS(E, 0) is given by labor supplyd), E(6, Au) is given by the household’s optimal choice
of effort (5), 6 clears the labor marke8), and the government budget constraint is satisfied.

For a givenAC, the government budget constraint pins dawin
CY=N-(W-AC).

Note that we assume here that benefits are financed entirebf aages and that the govern-
ment cannot tax profits to fund benefifsUsing the envelope theorem Bss optimized by the
household, and denoting loy= Nu (C®) + (1— N)u'(C") the average marginal utility, the first

order condition for the government choice/sf is

dC' oON° df

./ e _f. .
N-U(C)+U- Gac T 39 “dac

[Au+ (1—s)-k(E)] =0. (10)

As we shall see, the first two terms are the classical termiseoBaily-Chetty model. The last

term is the correction for the job-rationing externality.

3.2.2 Micro- and macro-elasticity

Introducing elasticities, we can uskdj to express optimal unemployment insurance in terms
of estimable parameters. Intuitively, suppose ths€ > 0 (unemployment benefits cut). This
change create variations in all variablé, d6, dAu, dCY, anddE so that all equilibrium
conditions continue to be satisfied. The change in efforttEdecomposed &= = dEp, +

dEg, wheredEp, = (0E/dAu)dAu is a partial-equilibrium change in effort in response to the

£ profits can be fully taxed, then total wagsW in equation 8.2.7) should be replaced by the sum of wages
and profits which is equal t& (N,a) — (s-N) -r-a/q(8). This alternative assumption would generate almost
identical results and we consider it the general-equililormodel of Sectiod.

12



change in Ul, andl Eg is a general-equilibrium adjustment in effort followingetbhangel6 in
tightness. It is useful to represent labor sup@ydnd labor demands] in a price6-quantity
N diagram as in Figurd. Using the labor supply equatioB)( we havedN = dNeg + dNy
wheredNe = (ON®/0E)dEp, and dNg = (ON®/00 + (ON®/0E)(0E/08))dB. dNg > O is the
increase in aggregate employment due to a positive shiédarl supply, keeping labor market
tightnes® constant. The labor supply shifts because the househol@rerts more job-search
effort, in response to the cut in unemployment benedité: is represented by the shift A—C in
Figurel. dNy < O is the reduction in employment that occurs in general dgyiuim through a
decrease in labor market tightnels< 0. dNy is represented by the shift C—B in FigureAs a
combination of these two effects, the general equilibrinotease in employmedi is smaller
than the partial equilibrium supply increase in employntt. dN is represented by the shift
A-B in Figurel. The difference between the micro-effeldte and the macro-effectN is dNg
which arises from job rationing. This decomposition makgthe following definition of the

macro and micro elasticities of unemployment N with respect ta\C.

DEFINITION 1 (Micro-elasticity and macro-elasticity)The macro-elasticityof unemploy-

ment 1— N with respect to the net reward from woliC is defined as:

v AC dN
e — — .
1—N dAC’

It measures the percentage increase in unemploymer When the net reward from work
decreases by 1 percent, assuming all other variables atijisshormalized to be positive. The

micro-elasticityof unemployment with respect to the net reward from work Engel as:

em_ AC ONS OE dAu
~ 1-N O0E o0Au dAC’

It measures the percentage increase in unemploymer When the net reward from work
decreases by 1 percent, ignoring the effect of the gengralderium adjustment 08 on N. It

is normalized to be positive.

PROPOSITION 1 (Cyclical behavior of micro-elasticity and macro-elassir

(i)

em u(C%-AC 1

~ 11
Au K+1’ (11)

13



where the approximation is valid fdr— N << 1 and s<< (1—N)/N. Hence, for given

CY and C, €™ does not vary systematically with the business cycle (tdogw level a).

(ii)

1-n 1 U
m_eM 107 1)U —— . [14 = M
eh=¢ + 0 (1-a)-U 1-W/F +K > €

(iii) For a given policyAu = u(C®) —u(C"), eM/eM > 1 varies countercyclically (i.e., decreases
with technology a). When a is large (good times), this rasiclose to one. When a is

small (bad times), this ratio becomes large.

The proof is provided in append#. Three comments should be made. First, our model
generates a micro-elasticity of unemployment with respectet reward from worle™ that
is approximately constant over the business cycle. Thestrdditional moral-hazard cost of
unemployment insurance is about constant over the cyclsorée our model creates a wedge
between micro- and macro-elasticity. The macro-elagtisismaller because of job rationing,
which imposes labor market tightne@sind the job-finding probability (8) to adjust down-
ward after a positive shift of the labor supply. Therefore (general equilibrium) increase in
aggregate employment following an increase in aggregatséarch efforts is smaller than the
(partial equilibrium) increase in the individual probatyito find a job following an increase in
individual job-search efforts. Third, the gap between m&nd macro-elasticity varies with the
business cycle and is small in good times when unemployrsdoiv and largely frictional (as
in traditional search models) but large in bad times whemmpieyment is high and primarily

due to job rationing.

Figurelillustrates the findings from Propositidn The wedge between micro- and macro-
elasticity is measured by the distance B—C, which would [sgtpe for any downward-sloping
labor demand. The increase in the wedge between micro- anbre&asticity when technol-
ogy falls is measured by the increase of the distance B—Cdaetuthe top panel (high technol-
ogy) and the bottom panel (low technology). In the bottomgba@mployment is bounded at
N = 0.93 because of job rationing, which makes labor demand igpeéitbe x-axis aN = 0.93.
Even a large positive shift of labor supply would only haveaest positive effect on aggregate

employment.

12As we shall see in our calibration, the assumpsien< (1— N)/N is reasonable.

14



Results from the empirical literature on the effects of upEyment benefits on unemploy-
ment provide support for the three key positive predictioieur theoretical model: (a) positive
wedge between micro- and macro-elasticity, (b) acyclicakoelasticity, (c) countercyclical
macro-elasticity. The labor economic literature focusesarily on the elasticity of unem-
ployment duration with respect to benefits estimated wittrmdata (se&rueger and Meyer
(2002 for a survey)'® Although this literature does not distinguish between mamd macro-
elasticity, studies comparing individuals with differdsgnefits in the same labor market es-
timate primarily micro-elasticities while studies comiparindividuals with different benefits

across labor markets (for example across US states) estimatro-elasticities.

First, the classical studies byoffitt (1985 and Meyer (1990 use the same multi-state
multi-year US micro-administrative data biteyer (1990 includes state fixed effects and
hence uses primarily within-state variation in benefitslevMoffitt (1985 does not include
state fixed effects and hence uses both within- and acratsariation. As a resulljleyer
(1990 estimates a micro-elasticity whilgloffitt (1985 estimates a mixture of macro- and
micro-elasticity.Meyer (1990 finds much higher elasticity estimates (around 0.9) taifitt
(1985 (around 0.4)* This comparison suggests that the micro-elasticity iselathan the

macro-elasticity as in our model.

Second Schmieder et ali2010 use sharp variation in unemployment benefits duration by
age in Germany and a regression discontinuity approachextiaustive administrative data to
identify compellingly the micro-elasticity of duration thirespect to benefits. This is the most
credible study to date which is able to estimate the micastedity separately for many years.

It shows that the micro-elasticity is almost exactly constaver the business cycle in Germany,

as in our model.

Third, Moffitt (1985 estimates how the elasticity of duration with respect todigs varies
with the local state unemployment rate and finds that thecksitive effect of Ul declines sig-
nificantly with the unemployment rate in the state. UsingzeyrdataKroft and Notowidigdo
(2010 confirm that the elasticity of unemployment durations wéhpect to benefits is smaller

in high-unemployment than in low-unemployment statésffitt (1985 andKroft and Notowidigdo

13A macroeconomic literature uses cross-country and tireésssvariation to estimate the macro-elasticity of
unemployment with respect to benefits. This literature fandéde range of estimates with no emerging consensus
because of both measurement and identification issuesx@onge,Holmlund 1998 Layard et al. 1991
14seeKrueger and Meyef2002), Table 2.5., p. 2349 for a side by side comparison.
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(2010 use variation in benefits both across and within state)eio ¢stimate likely captures
a mix of macro- and micro-elasticities. Finalkyrulampalam and Stewa(i.995 find much
stronger effects of benefits on durations in Britain in 1968 (unemployment) than in 1987
(high unemployment}? Those results therefore suggest that the macro-elastigigybe coun-
tercyclical as in our model. We leave the precise estimatiomacro- and micro-elasticities

over the business cycle, currently lacking from the emaliiiterature, for future work.

3.2.3 Optimal unemployment insurance formulas

Recall thatAC = (1—1)W and hencéW — AC)/AC =1/(1—1).

PROPOSITION 2 (Optimal Ul formulas) The optimal replacement ratesatisfies

T N UECh-u(C  [em K-(k+1) [7-AC] ™t
e (@) o [w o @

With the approximation that — N << 1 and s<< (1— N)/N, the optimal formula simplifies

T 1 /u(CY em 1
l—T_E_M<U’(Ce)_1)+<8_M_1)"J/((3A°J_8m' (13)
u

In both (12) and (13), the first term on the right-hand-side is the classical B&ilyetty term

to

while the second term on the right-hand-side is the coroectf externality due to job ra-

tioning.

The proof is obtained by re-arranging terms i) and is presented in appendix. To il-
luminate the key economic mechanisms behind the optimaldtas, we present an intuitive
derivation. Consider a small increag&C in the net reward for work—equivalent to a cut in
unemployment benefits. The direct mechanical positiveaxeléffect on workers idS; = N -

U’ (C®) - dAC (first term in (L0)). But increasind\C requires cutting benefit! = N - (W — AC)

by dCY = —N-dAC+ (W —AC)-dN= —N-dAC+ (1—N)-[(W—AC)/AC] - €M . dAC, leading
to a welfare lossiS = —N - 07 - dAC + (1 — N) - [(W — AC) /AC] - €M . T - dAC (second term
in (10)). In the traditional Baily-Chetty model, those are theyotwo effects, the optimal Ul

15jurajda and Tanner{2003 also find that Ul federal expansions in Pennsylvania in tdye1980s have
slightly smaller effects on labor supply in a depressedore@if the state (Pittsburgh) than in a less depressed
region of the state (Philadelphia). The differential resg® however, is much smaller than in the studies just
mentioned, maybe because there is substantial mobilipsathose two cities.
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formula is such thatlS + dS = 0, and there is only the first term in the right hand side of
formulas (2) and (3).

However, in our model, there is a third effect due to job lesuiting from the labor tightness
adjustment (third term in1Q)). Each job lost reduces social welfare b§C®) —s- k(E) —
[u(CY) —k(E)] = Au+ (1 —s)k(E) as each unemployed person incurs search &gBtsand a
fractions of the employed had to search and incur c&§E) as well. The individual optimality
condition @), and the isoelastic assumption fdE) can be used to rewrite the welfare loss per
job asAu+ (1 —-9s)k(E) = Au(k +1)/(k+U). As discussed above, a small increai
leads to a positive shift in labor supply (more search effaxthich leads to a reduction in
labor market tightnesdd in general equilibrium because of job rationing. This reucdO
destroysdNy jobs through two channels: ({(PN°/0E)(0E/06)d6 jobs are destroyed through
the reduction in search effort—this reduction, howeveggnot have any welfare effects by
the envelope theorem; and ({iJN°/00)d6 jobs are destroyed through a reduction in the job-

finding probability. By definition

" AC [dNS ONSOE] do
eM _gM = N R Ry
1-N |90 " 9E 96 dAC

But
ONOE U oN®
OE 06 Kk 00
Thus, we can show that
ONS 1—N K
“d6=—-dAC- . JeMm_eM] .
5o 6 =—dAC e " Y]

This leads to a welfare loss dfSg = —dAC- (1—N)/AC- [e™—eM]- Au-k(1+K)/(k +U)?.
This term is negative. It is due to a decrease in job-findirdpability (and hence in aggregate
employment) when there is more search, which is not intemedby jobseekers. This decrease
in job-finding probability is a direct consequence of jobaaing.

At the optimum, the sum of the three terah§; + dS +dSs is zero leading to formulal@).
When 1-N << 1, thenN ~ 1 and hence’ ~ U’ (C®). Furthermore, using the approximation for
eM~ (U (C®) -AC/Au)/(k + 1) from Propositionl, we can obtain formulal@) from formula
(12).
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Proposition2 provides a formula for the generosity of unemployment bénefour impor-
tant points should be noted. First, absent any wedge betmaerno and micro-elasticity, the
second term in the right-hand-side of the formuld2) @nd (3) vanishes, and we obtain the
Baily-Chetty formula. We express the formula in terms oféhesticity of unemployment with
respect to the net rewards from work, instead of the el&gtidiunemployment with respect
to Ul benefitsC" because the latter elasticity cannot be constant (it is wér@n Ul benefits
are zero). This allows us also to have a direct formula forépéacement rate instead of an
implicit formula as in Baily-Chetty® As in Baily-Chetty, the replacement rate decreases with
the elasticity (which measures the moral hazard effect)iacr@ases with the curvature of the
utility function (which measures the value of insurancétility is linear, thenu’ (CY) = u'(C®)

and there should be no insurance.

Second, in the Baily-Chetty term, the relevant elastictyhie macro elasticitg™ and not
the micro elasticitye™ that has been conventionally use to calibrate optimal bsniefithe
public economics literatureChetty 2008 Gruber 1997. This is because what matters in the
trade-off is insurance versus aggregate costs in termgbé&hunemployment and hence higher
unemployment benefits outlays. Most empirical studies nmegbe duration of unemployment
by comparing unemployed workers in the same economy whodiffeeent replacement rates.
Therefore, those studies measure the micro-level elgstfiunemployment duration with
respect to benefits. Hence, when there is a wedge betweernidieand macro elasticity, it is

no longer appropriate to use the micro-elasticity estich&tem those duration studies.

Third, when there is wedge between micro and macro-elasti@gisecond term, directly
proportional to the difference between the two elastisjtagppears in the optimal Ul formula.
This term is the correction for the externality imposed bly gearch in the presence of job
rationing. Thus, optimal unemployment insurance is highan in the Baily-Chetty formula
to correct for the negative externality. Even in the abseri@ny concern for insurance (with
linear utility andu’(C") = U'(C®)), some unemployment insurance should be provided to dorrec

the externality.

Finally, formula (L2) does not depend on functional form assumptions for théyutinc-

160ur convention is consistent with optimal income tax theshjch always expresses optimal tax rates as a
function of the elasticity of earnings with respect to oneusi the marginal tax rate, instead of the elasticity of
earnings with respect to the marginal tax rate. The Ul probdé Baily-Chetty is effectively isomorphic to an
optimal tax problem with two earnings level (working vs. mairking).
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tion, the production function, or the matching function.isirobust to changes in the primi-
tives of the model. The optimal replacement rate can henabtaéned from a few sufficient
statistics—micro- and macro-elasticity, curvature of thiéity function—that can be empir-
ically estimated. As always, optimal policy formulas cascabe used to assess the current
Ul system. If the current/(1— 1) is higher than the right-hand-side of formulb2), then

increasing the replacement rate is desirable (and corygrse

Propositiond and2 imply that the optimal replacement rate is countercyclicath through
the Baily term and the through the externality term. The Y#km is higher in recessions
because the macro-elasticity is smaller. The externarity s higher in recessions because the
wedge between micro- and macro-elasticity grows duringssions. Formally, we can state

the following proposition (the proof is presented in appehd

PROPOSITION 3 (Cyclical behavior of optimal replacement raje Assume log-utility (C) =
In(C). Assume that the approximated formu{ag) for €™ and (13) for T are valid at the equi-
librium (i.e., technology a is high enough such that N << 1 and s<< (1—N)/N). Then

the optimal net replacement ratas countercyclical (i.e., decreases with technology a).

3.3 Extensions and special cases
3.3.1 Savings and self-insurance

Chetty (2006ab) shows that the simple Baily formula carries over to modeih wavings,
borrowing constraints, private insurance arrangementsearch and leisure benefits of unem-
ployment. To a large extent, the same generalizations appbyr model and formulaslp)

and (3) carry over with minor modifications.

As an illustration, suppose that unemployed workers carease their consumption with
home production. We assume that home production gene@ddé@saal consumptioh — g(h)
whereg(h) is a convex and increasing function representing costs wfehproducingh. Let

CY=C"4h—g(h) be the total consumption of unemployed workers. Individealoosé and

h to maximize
—[1—(1—s)N3(E,0)]K(E) + (1 —N3(E,0)) - u(C"+h—g(h)) + N3(E, 8) - u(C®),
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and the government chooses the net rewards from Werk- C® — C" to maximize expected

utility
N3(E,0)u(C"+AC) + (1 —N3(E,0))u(C"+h—g(h)) — [1— (1 —s)NS(E,B)] - k(E)

where bothE andh is chosen optimally by individuals, and subject to the saorestaints as
in our original problem. Hence, the first order conditiontie® government problem is exactly
identical and formulasi) and (L3) carry over simply by replacing" by C in each of the
utility and marginal utility expressiongC") andu’(CY).

Although the structure of the formula does not change, timswmption smoothing benefit
termu’(CY) /U (C) — 1 in the first term of formulas1@Q) and (13) is smaller if individuals can
partly self insure, using for example home production. ketreme case where individuals
can fully self-insure and smooth consumption absent a Uggam, u’'(CY) /u/(C€) = 1 and
there is no reason to have a Ul program for insurance purpdses point was first noted in
Baily (1978 and then generalized b@hetty (20063. It was also used in the calibration of
the Baily formula byGruber(1997 who estimated empirically that each dollar of Ul benefits
increase consumption by $0.30 when unemployed (insteadlizrdor dollar as in our basic
model). To keep our numerical illustrations simple, we rolg partial insurance. Thus, our
optimal replacement rate is on the high side. We leave matsoehte simulations with partial

self-insurance for future work.

3.3.2 Wage responses to Ul Benefits

An implicit assumption in our model is that wages are notcéd by Ul. In particular, wages
do not rise if unemployment benefits become more generous aBlsumption is supported
by empirical evidence (for examplelolmlund 1998 Layard et al. 199l Nonetheless, it is
conceivable that wages respond positively to benefits as gemerous benefits strengthen the
bargaining power of workers. In the model we have laid outyéf assume that/(AC), an
additional term would arise in the first order conditidtO) of the government as a change
in AC affects the government budget constraint through its etiadV. However, this effect

is artificial as we have assumed that the government canrqirtdits and affecting wages

through benefits in an indirect way to tax profits. If we assuagewe will do in the fully
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dynamic model of Sectio#f, that the government can fully tax profits, this effect djzegrs and
the fact that wages dependdhdoes not affect the optimal formulakd) and (L3). Effectively,
W disappears from the government problem when the governowritolsC" andC® and
total resources in the economy. The fact Matdepends of\C, however, affects the macro-
elasticityeM as changes in wages affect labor demand. Neverthelessythelfs (2) and (L3),
expressed in terms of sufficient statistics, remain validh(\a small adjustment to account
for the wage change in the government budget constraintjs ilfastrates the power of the

sufficient-statistics approach.

3.3.3 Special cases

To illustrate the economic mechanisms behind our model dndte our work in the existing

literature, it is fruitful to consider the three followingeacial cases.

No diminishing returns to labor with a = 1. This model was popularized kyall (2009.
While this model can generate large employment fluctuatibees not exhibit job rationing.
With a = 1, labor demand?) implies that labor market tightne8ss independent of employ-
mentN. In Figurel, the labor demand curve would be horizontal. Propositi@mows that
eM = €M and that these elasticities are broadly constant ovenytie.cin that case, the tradi-

tional Baily-Chetty formula applies, and Propositidshows that the optimal replacement rate

T 1Y)
1-1 gm (u’ (C®) l) ' (14)

satisfies approximately

Thus, the optimal replacement ratés constant over the business cycle.

A matching function with n =1: In that casef (8) = wn, is independent 0 which implies
that labor market tightne€sdoes not enter labor suppl$)( and does not affect the optimal
provision of search effort5). Hence, there is no job-rationing externality. In Figdrethe
labor supply curve would be vertical. Once more, Propasitishows that™ = €M, and that
these elasticities are broadly constant over the cycle trildtional Baily-Chetty formulai4)

applies, and the optimal replacement rate constant over the business cycle.

21



No wage rigidity with y=1: If there is no wage rigidityy(= 1), technologya drops out of
the labor demand equatioi)(and® andN are independent &. All labor market variables,
and the problem of the government, are therefore indepedéschnology. While this model
generates a wedge between micro- and macro-elasticitythendxternality term is present
in the optimal Ul formula, the optimal replacement rate iastant over the “business cycle”

because this model fails to capture unemployment fluctostio

3.4 Numerical illustration

In this section, we illustrate our theoretical results nticadly. Tablel summarizes the cal-

ibrated parameters. Since we calibrate the parametersridymamic model, we defer the

presentation of the calibration strategy to Secto® after we have formally introduced the
dynamic model. Although these numerical results are obthin a one-period model abstract-
ing from any dynamics, they are broadly consistent with &mistained in Sectiod.3when we

simulate our dynamic stochastic general equilibrium model

Figure2 displays in six panels, as a function of technolegyvhich proxies for the position
in the business cycle), (a) the replacement tate CY/W, (b) the labor tax = 1 — C®/W,
(c) the net replacement rate (or total implicit tax on work¥t+b = 1— AC/W, (d) the
unemployment rate, (e) effort, (f) labor market tightnd2anel (c) confirms that, as our theory
predicts, that the net replacement rate is countercycliea) decreases witlh Quantitatively,
the effect is quite significant as the net replacement rdteffam 88% to 65% over the range
of technology we consider (which corresponds to variationthe unemployment rate from
11.5% to 3.5% as shown in panel (d)). Panels (a) and (b) shawvibtih components of the net
replacement rate—replacement rhtand particularly tax rate—are countercyclical. Hence,
in bad times, it is desirable to increase taxes substantialfinance not only benefits to a
larger fraction of the population that is unemployed bubdisnefits that are more generous
per person (relative to prevailing wages). The replacemaatflattens out at almost 80% once
unemployment reaches about 10%. Panels (e) and (f) shovbaliaieffort and labor market

tightness increase sharply with technol@gy

Figure3 displays micro- and macro-elasticitie8 andeM of unemployment with respect to

net reward from work as a function of technolaafor a constant Ul prograiu = Au*(a=1).

22



It confirms our three theoretical results from PropositioRirst, the micro elasticitg™ is close

to constant over the business cycle—it varies on a narrogerénom 0.33 to 0.39. Second and
in contrast, the macro elasticity varies substantiallyrdkie business cycle—it varies from 0.04
in very bad times to 0.33 in very good times, an eight-fold@ase. Third, macro-elasticity is
always smaller than micro-elasticity although the gap iseggmall in very good times. Those
results carry over (slightly attenuated) if the elastestare evaluated when the replacement rate
is optimal.

Figure 4 displays the optimal net replacement ratas a function of technologs that is
obtained from three alternative formulas. The first grapthésfull optimum from our model
(as in Figure2), the second graph is the replacement rate that is obtaipethtbincluding
the externality term in our optimum formuld?). As expected, this second replacement rate
is lower than the full optimum, and the discrepancy is higlre®ad times as the externality
term depends on the wedge between micro- and macro-etgstrbich is highest in bad times.
The third graph is the replacement rate obtained by not dictuthe externality term and
further replacing macro-elasticity by micro-elasticitythe Baily-Chetty term. Note that the
replacement rate is almost flat over the business cycle inctiee—it varies within a very
narrow range from 62% to 64%. This was expected as the mlastigty is almost constant
over the business cycle. This later case is the standardafypenulations presented in the
public economics literature (for exampléruber 199Y. Figure4 shows that job rationing in

recession changes the picture substantially.

Figure5 further explores this issue and displays the welfare gaipé€rcent) from using the
fully optimal replacement rate vis-a-vis various alteivied as a function of technology. The
welfare gains are measured as the percentage-increaseimgeequivalent consumptiazfd,
which we define a8 (C®%) = SW. The welfare gain is plotted relative to the two alternative
scenarios analyzed in Figude-using the Baily term only with the macro-elasticity, andhgs
the Baily term only with the micro-elasticity. As expectede welfare gains are minimal in
good times when the two elasticities are close and the eddigrterm is hence small. However,
the gains are substantial in bad times, especially whemukaBaily formula with the micro-

elasticity.

Figure6 compares our main calibration to an alternative calibretuith a = 1, i.e., a sit-
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uation with constant returns to scale and no job rationingjis Tomparison is useful as the
influential study ofHall (2005 proposed such a model with= 1. Four points are worth not-
ing. First, panel (a) confirms that, when= 1, micro and macro-elasticity are identical and
vary relatively little over the business cycle. Therefagowerful test for distinguishing our
model from theHall (2009 model is to assess whether there is a countercyclical asitiyEo
gap between the two elasticities. Second, panel (b) contfinatghe optimal net replacement
rate is almost constant over the business cycleaf (20095 while it varies substantially in
our model. Third, panel (c) shows that unemployment fluesiaubstantially more iklall
(2009 than in our model” Indeed, with constant returns, the fluctuations in unenrplent
are very large, perhaps even too large relative to plausiolenology shocks® Fourth and
related, panel (d) shows that thiall (2005 model also generates much larger variations in
labor market tightness than our model that may be implaysiigih for plausible technology

shocks.

4 Dynamic Model

In this section, we present a dynamic stochastic extendionroone-period model. We cali-
brate the model using micro- and macro-data for the US lalsorket. We move beyond the
comparative-static results of PropositiBiy computing impulse response functions of labor
market variables and of the optimal unemployment insuramd¢ke fully dynamic model. A
byproduct of the quantitative analysis is to verify that dadibrated model describes well the

US labor market.

4.1 Description of the economy and equilibrium with Ul

The stochastic process for technologg };-% drives economic fluctuations. The history of

technology realizations ia' = (ag, ay, ..., &).

"Accordingly, we have reduced the range of technology chairgEigures.
18Hall (2009 study was pathbreaking because it was able to generateisaffunemployment fluctuations
while earlier search models could not. Therefore, genegatxcessive fluctuations was a virtue in that case.
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4.1.1 Labor market flows

At the end of period — 1, a fractions of theN;_ existing worker-job matches are exogenously

destroyed. At the beginning of peribdJ; unemployed workers are looking for a job:
U=1-(1-5)-N_1. (15)

4.1.2 Individuals

DEFINITION 2 (Individual problem) Given the government policyC¢,C! t*:°°0 and labor
market tightness{et}ﬁ:"f), the individual problem is to choose a collection of stoticasro-

cesseq B, N§}, ™3 to maximize the expected utility

Eo

+oo

Zﬁ (= [1- (- 9NE ] k(E) + (1= N -u(G) +NF-u(C) |, (16)
t=

subject to the law of motion for the probability to be empldye the next period
NE=[1-(1-9) N2 4] - Ef(B)+(1-9) N, (17)

The timet element of household’s choice must be measurable with cespéa!,N_1).

The optimal effort function therefore satisfies the follagiEuler equation

K'(Et) K'(Ety1) . ,
{ f(ett) —O(1-9) [ f(e:ld}+K5(1—5)E[k(5t+1)] =[u(CH) —ulc)]. (18)

4.1.3 Firms

DEFINITION 3 (Firm problem) Given wage, labor market tightness, and technology pro-
cesses{V\&,et,at}tf’o, the firm problem is to choose a stochastic process for empay and

hiring {N¢, H; }, " to maximize

Fo EY

28' (F(l\ltdaat)_W‘l\ltd_%‘Ht)], (19)
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The firm faces a constraint on the number of workers emploget period:
NE < (1-9)- Ny +He. (20)

The timet element of a firm’s choice must be measurable with respe@! tdl_1).

We assume that the firm maximization problem is concave. Tirgue solution to the firm
problem is characterized by two equations. First, employrié and number of hires, are

related by
H=N—(1-5) N, (21)

because endogenous layoffs never occur in equiIibriurmrﬁtacemploymerit\ltOI is determined

by the following first-order condition (as in equilibriuNf' < 1):

1N d . ﬂ _ _ a1
N ) W gt 819 gt )

This Euler equation implies that the representative firradiabor until marginal revenue from
hiring equals marginal cost. The marginal revenue is thegmal product of labofF’. The
marginal cost is the sum of the watj¢, the cost of hiring a worker - & /q(6;), minus the

discounted cost of hiring next peri@d (1 —s) - Et [r - a+1/9(8t+1)]-

4.1.4 Equilibrium with unemployment insurance

DEFINITION 4 (Government policy)A government policy is a collection of stochastic pro-

cesseqC¢,Cl'} that satisfy the government budget constraint fot ald alla':

ra
q(6r)

F(Na) =NCE+ (1-N)G'+ Ne — (1) -Nea]- (23)

Thet element of the government policy must be measurable withe@go(al, N_1).

Importantly, we impose period-by-period budget balanod,l@nce rule out the possibility
for the government to smooth welfare by shifting resouroésritemporally from good times
to bad times. This is a natural assumption as we have also oufethat individuals can save

and smooth consumption over time. This also allows us to zoamn within period insurance-
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efficiency trade-off.

DEFINITION 5 (Wage process)A wage process is a stochastic proce\a(s}ti% defined for
allt and alla' by
W =wo-&, ye[0,1). (24)

DEFINITION 6 (Labor market tightness proces#) labor market process is a stochastic pro-
cess{et}tfo such that the demand for Iab@Ntd }:8 by firms equals the “supply of labor”

{NS},% by the household for atland alla'
Ne= N = N, (25)

Thet element of the labor market tightness must be measurather@gpect tqa',N_1).

DEFINITION 7 (Decentralized allocation with unemployment insurané&yen initial em-
ploymentN_1 a stochastic proces{sat}t*: % for technology, a decentralized allocation with Ul
program is a collection of stochastic proces§Es Nt}ti‘%, a government policy, a wage pro-
cess, and a labor market tightness process that solve tiselnald and firm problems. More-
over, the wage process satisfies the condition that no wenkgrloyer pair has an unexploited
opportunity for mutual improvement. The wage should neitheerfere with the formation of
an employment match that generates a positive bilaterplusjrnor cause the destruction of

such a match .

Therefore, a decentralized allocation with unemploymesiirance is a collection of stochas-
tic processegCe,CY, W, E, N, 6} that satisfies equation&), (22), (23), (24), (25). We
can also derive a sufficient condition for the wage procesdways respect the (private) effi-
ciency of all worker-employer matches. This condition vebbe exactly the same as the one
derived byMichaillat (2010: it imposes a lower bound on wage rigidip{which depends on

a ands) such that inefficient layoffs do not occur with a high enopgbbability

Wwe find that ify > 0.5, wages are flexible enough to avoid inefficient separatiitis probability below 1
percent. In other words, inefficient layoffs cannot occuthve negative technology shock of amplitude below 2.3
standard deviations. This sufficient condition is indeparmidrom government policy.
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4.1.5 Government problem

The unemployment insurance program is history contingeins—fully contingent on the his-
tory of realizations of shocks— and it is taken as given bydiand household. Moreover, we
follow Chari et al.(1991) andAiyagari et al.(2002 and assume that an institutional arrange-

ment exists through which the government can bind itselfigogolicy plan.

DEFINITION 8 (Government (Ramsey) problenifhe government problem is to choose a

government policy to maximize

Eo

26t~<—[1—<1_s>N11]-k(Et>+<1—Nt>-u<q”>+M-u<Qe> : (26)

over all decentralized allocations with unemployment rasge. ARamsey allocatioris a

decentralized allocation that attains the maximun?2@j .

The Ramsey allocation is fully described in Proposit#dnin appendix.

4.1.6 Ramsey allocation in the absence of aggregate shocks

We can describe the first-order conditions and constrafikeedRamsey problem in the absence
of aggregate shocks. In that case, the Ramsey allocatioremto a constant allocation that

is characterized by Propositi@n

PROPOSITION 4 (Equivalence with one-period modellhe steady state solution of the Ram-
sey problem in the dynamic model in the absence of aggregatks converges to the solution
of the Ramsey problem in the one-period model when the dis¢actor d converges towards

1. In particular, the optimal approximated formu(a3) continues to apply in the steady-state

of the dynamic model whéin-N << 1,s<<1—N,andl1-d << 1.

The proof is presented in appendix. This proposition ingaliet the static model presented
Section3 is the limiting case of the steady-state of the fully dynamicdel when there is
no discount. This implies that the same economic mechanisins the steady-state of the
dynamic model. Therefore, in the remaining of this sectiwa,zoom in on the dynamics of

the model which could not be analyzed with the static mod&eadtion3.
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4.2 Calibration

We calibrate all parameters at a weekly frequeficyable 1 summarizes the calibrated param-

eters.

Separation rate: We estimate the job destruction rate from the seasonajlystetl monthly
series for total separation rate in all nonfarm industrimsstructed by the BLS from the Job
Openings and Labor Turnover Survey (JOLTS) for the for theddgber 2000—June 2010 pe-
riod.2! The average separation rate is 0.0375s00.0093 at weekly frequency.

Recruiting costs: We estimate the recruiting cost from microdata gathere&doyon et al.
(1997 who find that on average, the flow cost of opening a vacancyuaitsdo 0.098 of a
worker’'s wage. This number accounts only for the labor céseoruiting. Silva and Toledo
(2005 account for other recruiting expenses such as advertgaatg, agency fees, and travel
costs, to find that 0.42 of a worker’s monthly wage is spentamidiire. Unfortunately, they do
not report recruiting times. Using the average monthlyfjdimg rate of 1.3 in JOLTS, 2000—
2010, the flow cost of recruiting could be as high as 0.54 of &ers wage. We calibrate

recruiting cost as 0.32 of a worker’s wage, the midpoint lsewthe two previous estimatés.

Matching function: We picked a Cobb-Douglas matching function. We nowrget 0.7.

Both assumptions are reasonable in light of empirical tesulrveyed byPetrongolo and Pissarides
(2001)). To estimate the matching efficienay,, we use steady-state relationships and the nor-
malization normalize& = 1 to find

s 1-U

- . .on-1
1-s U

Wm
We use the seasonally-adjusted, monthly series for the auailvacancies from JOLTS, 2000—
2010, and the seasonally-adjusted, monthly unemployneset tomputed by the BLS from

the Current Population Survey (CPS) over the same periaghrtgoute labor market tightness

20A week is 1/4 of a month and 1/12 of a quarter.

21December 2000-June 2010 is the longest period for which $0kTavailable. Comparable data are not
available before this date.

22Using the average unemployment rate and labor market tghtim JOLTS, we find that 0.89 percent of the
total wage bill is spent on recruiting.
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and unemployment. We findl= 0.47 andU = 5.9%. The resulting estimate of the matching
efficiency at weekly frequency sy, = 0.19.

Wage rigidity:  Next we calibrate the elasticityof wages with respect to technology based
on estimates obtained from panel data recording wages widl@l workers. These microdata
are more adequate because they are less prone to compeadfgots than aggregate data.
The survey of the literature byissaride$2009 places the productivity-elasticity of wages of
existing jobs in the 0.2-0.5 range in US data. A recent stydyldetke et al(2008 estimates
the elasticity of wages of job movers with respect to proshigtusing panel data for US
workers. For a sample of production and supervisory workees the period 1984—-2006, they
obtain a productivity-elasticity of total earnings of 0.7heir estimate, however, is an upper
bound on the elasticity of wages as they do not control focyiutical composition of job$%2

Therefore, we set= 0.5, a reasonable mid-point in the range of available evidence

Diminishing marginal returns to labor:  So far, we have estimated parameters from micro-
data or aggregate data, independently of the model. We nidwata the remaining parameters
to match key moments estimated in the data. We calibratertsguption function parameter

a such that the steady state of the model matches averagenaioket tightnes® = 0.47 and
average labor shate = 0.66 in US data. We find that = 0.67 2°

Wage level: We target a steady-state unemployment rat® ef 5.9%, so we calibrate the
wageWwy to obtain a steady-state employmant 0.95, and a steady-state labor shardsof
0.66, which impose$s = wp-nt~%. We findwy = 0.67. Hence, the recruiting cost is=
0.32-wp = 0.22.

Z3\Workers may accept lower-paid, stop-gap jobs in recessimmg move to better jobs during expansions,
biasing the estimated elasticity upwards.

240.7 is an estimate of the elasticity of wages with respeetioll productivityy /N, whereay is the elasticity of
wages with respect to technology=Y /N®. While technology and productivity are highly correlatpthductivity
is less volatile than technology and therefore an estimhatheoelasticity of wages with respect to technology
would be below 0.7.

25\We can show that the labor shdee= (W-n) /y is related toa through the firm’s optimality condition by

Is (s- g'(—%? + 1) = a. Soa is slightly larger than the labor share because of the récgucosts.
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Utility function: ~ We choose risk aversiom = 1 such thau(-) = In(-), which is on the low
side of the most compelling estimat€setty (20060 but is often used in macro-economic
calibration. A lower risk aversion implies a lower value nsurance and hence lower optimal

unemployment benefits. Therefore, our risk aversion pat@ngeconservative.

We choose& = 1.8 to match the micro-elasticity of unemployment with reggedenefits
estimated in the empirical micro-economic literature. sThterature consistently finds large
elasticities of duration with respect to benefits levelst &ample, the widely cited study by
Meyer (1990 estimates an elasticity of 0.9, and this elasticity is usagptimal Ul simulations
using the Baily formula byruber(1997.26 We normalize the steady-state search efidet 1.
For the US, we assume unemployment benbfits60% and labor tak= 15%, in line with the
literature Chetty 2006bGruber 1997.27 With k = 1.8 ando = 1, we obtainw, = 0.49. With
this calibration, we find™ ~ 0.36. The elasticity of unemployment with respectbienefits

(instead of net reward from work) %% ~ 0.9 in line with Meyer(1990.

There remains considerable uncertainty about some of ttemeders and our model ab-
stracts from a number of relevant issues—many of which goéeed in the earlier literature.
Therefore, this exercise should be seen as an illustrafittimceanagnitudes one could reason-
ably expect from the rationing theory we have proposed, amdduch magnitudes vary with a

few key parameters.

4.3 Numerical solution by log-linearization

To determine the equilibrium of the model for a given Ul pragr, and to solve the Ramsey
problem, we log-linearize the model around the steady stitbea = 1. The appendix describes
the log-linear model in details. We assume that the logat®n of technology; = dIn(a)
(which represents the percentage-deviation of techndimgy steady-state) follows an AR(1)
process:a; 1 = P& + %1 Wherez is an innovation to technology. We estimate this AR(1)
process in US data. We construct log technology as a resioo@) = log(Y) — a - log(N).

OutputY and employmeni are seasonally-adjusted quarterly real output and empaym

26This elasticity is conceptually close to a micro-elasjitiecause it either controls for state unemployment
rates or uses state fixed effects.

2'The Ul payroll tax itself is on the order of 3% and hence muchlmnthan 15% but workers pay a much
higher tax rate than unemployed workers because (a) s@uafisy taxes do not apply to Ul benefits, (b) federal
and state income taxes are progressive and workers haviastidlty higher incomes than the unemployed.
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the nonfarm business sector constructed by the Bureau afrLStatistics (BLS) Major Sec-

tor Productivity and Costs (MSPC) program. The sample peiso1964:Q1-2009:Q2. To
isolate fluctuations at business cycle frequency , we fol&ivimer (2005 and take the dif-
ference between log technology and a low frequency trend-ed@riek-Prescott (HP) filter
with smoothing parameter 20 We estimate detrended log technology as an AR(1) process:
log(ag,1) = p-log(a) + z.1 with z 11 ~ N(0,v?). With quarterly data, we obtain an autocor-
relation of 0.897 and a conditional standard deviation 6087, which yieldp = 0.991 and

v = 0.0026 at weekly frequency.

4.3.1 Validity of the model

We verify that the model provides a sensible descriptioneadity by comparing important
simulated moments to their empirical counterparts. We ktewa model in which the net re-
placement rate = 72% is constant over time. This model describes an econowwich the
Ul program does not respond systematically to the busingds (tax rate and replacement ra-
tio adjust automatically to ensure budget balance). Thisapacement rate allows to keep the
same incentives to sear®du = u(C®) — u(C") as in the US economy, while having a balanced
Ul budget. Given the design of our calibration, the steadjesvf this model matches average
US data very wellll = 5.9%,v/u = 0.47,e= 1.

We focus on second moments of the unemploymentfatbe vacancy/unemployment ratio
V /U, real wagéV, outputY, and technologg. Table2 presents empirical moments in US data
for the 1964:Q1-2009:Q2 period. Unemployment rate, outmod technology are described
above. The real wage is quarterly, average hourly earnmgsrbduction and nonsupervisory
workers in the nonfarm business sector constructed by ti& @lrrent Employment Statistics
(CES) program, and deflated by the quarterly average of ho@ttnsumer Price Index (CPI)
for all urban households, constructed by BLS. To constrweicancy series for the 1964—2009
period, we merge the vacancy data for the nonfarm sectorJ@bTS for 2001-2010, with the
Conference Board help-wanted advertising index for 1968438 We take the quarterly aver-

age of the monthly vacancy-level series, and divide it by legmpent to obtain a vacancy-rate

28The Conference Board index measures the number of helpediautvertisements in major newspapers. It
is a standard proxy for vacancies (for examdeimer 200% The merger of both datasets is necessary because
JOLTS began only in December 2000 while the Conference Baatiabecome less relevant after 2000, owing to
the major role played by the Internet as a source of job aidusgt
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series. We construct labor market tightness as the ratiacdncy to unemployment. All vari-
ables are seasonally-adjusted, expressed in logs, arehdett with a HP filter of smoothing

parameter 19

Next, we perturb our log-linear model with i.i.d. technojoghocksz ~ N(0,0.0026). We
obtain weekly series of log-deviations for all the variabl&Ve record values every 12 weeks
for quarterly seriesY, W, a). We record values every 4 weeks and take quarterly averages
for monthly seriesy, U /V). We discard the first 100 weeks of simulation to remove the ef
fect of initial conditions. We keep 50 samples of 182 quar{@;184 weeks), corresponding
to quarterly data from 1964:Q1 to 2009:Q2. Each sample gesvestimates of the means of
model-generated data. We compute standard deviationsiwfadsd means across samples to
assess the precision of model predictions. Ta&yeesents the resulting simulated moments.
Simulated and empirical moments for technology are sinarause we calibrate the technol-
ogy process to match the data. All other simulated momesteatcomes of the mechanics of

the model.

The fit of the model is good along several critical dimensioRsst, the model amplifies
technology shocks as much as observed in the data becausientilated standard deviation
of unemployment (0.126), output (0.024) and of the vacammgymployment ratio (0.441) are
comparable to the standard deviations estimated in the(dat&8, 0.029, and 0.344, respec-
tively). The response of wages to technology shocks in theéeland the data are quite close.
A 1-percent decrease in technology decreases wages byr@ehpa the data, and 0.5 percent
in our model. Third, simulated and empirical slopes of thedBelge curve are almost iden-
tical. The slope, measured by the correlation of unemplogmath vacancy, is -0.98 in the
model and -0.89 in the data. Last, autocorrelations of albies in the model match the data.
As highlighted byMichaillat (2010, however, labor market variables and wages are too highly

correlated with technolog3?

4.3.2 Impulse response to unexpected and transitory techiagy shock

We solve the Ramsey problem by log-linearization as welle Tdg-linear system has three

state variables: employment, as well as the Lagrange multipliers on the household’s and

2%Demand shocks, financial disturbances, and nominal rig&itabsent from the model but empirically
important—could explain these discrepancies.
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firm’s optimality conditions. These multipliers impose thlae government keep track of the
promises made in the previous period to job-searching weiked recruiting firms. The steady
state of the Ramsey allocationtis= 6.1%, v/u = 0.49, T = 76%, e = 0.93. To confirm the
comovements of technology with unemployment insurancdutiyadynamic model, we com-

pute the impulse response functions (IRFs) in the log-fineadel.

Figure7 details the response of policy variables to a negative @olgy shock of one per-
cent. Both tax raté and replacement rate increase slowly after the adverse shock, which
drives the increase in the net replacement tatén impact, the net replacement rate increases
slightly, and it builds steadily for 80 weeks. At its peake thet replacement rateincreases
by about 1.3%. The impulse response confirms that the optithaplacement rate increases
in response to an adverse technology shock. Consumptiomploged worker<C€ falls on
impact, as a consequence of a higher tax rate and lower inpemamployed workeC® then
recovers over time towards its steady-state level. Consompf unemployed workers drops
on impact as a consequence of lower income per worker andries C" becomes higher
than its steady-state level after 40 weeks as a consequérckigher replacement rate. It
then remains above its steady-state level until the ecormmmyerges back to the steady state.
The comparison of the log-deviations@f andC!' implies that the generosity of the Ul pro-
gram increases in recessions silk = C¢ — C' clearly decreases after an adverse technology

shock.

Figure 8 shows the IRFs to a negative technology shock of one perddabor market
variables in the Ramsey allocation, and in an allocatiom wiinstant replacement rate=
72%30° The behavior of labor market variables is not surprisingeraployment builds slowly
and peaks after about 30 weeks. The unemployment-vacatiwyral tightnes® =V /(U -E)
drop immediately, which reflects the reduction in hiring by on impact. Aggregate search
effort drops on impact and decreases further over time, spaese to both higher benefits
and lower labor market tightness. Compared to an econonty sgihstant replacement rate,
the increase in replacement rate reduces aggregate séarthleabor market tightness does
not fall as much however. While a higher replacement rates sha¢ increase the amplitude
of the peak of unemployment (around week 50), it delays tleevery and imposes higher

unemployment than in the economy with constant replaceraémbetween week 50 and week

30We used a model with constant replacementtate72% to assess the validity of our model in TaBle
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250.

Comparing Figured to Figure2 suggests that our results in the dynamic and static frame-
works are broadly consistent. In the dynamic framework,raneiase in unemployment from
6% to 7%—that is, a 15% increase from steady state, aboutektilre increase displayed on
Figure 8—should be accompanied by an increase in the net replacaaterttfrom 76% to
80%—that is, a 4% increase from steady state. This increasensistent with the slopes of

the replacement rate and unemployment schedules on Eigure

Next, we compare the dynamic behavior of our baseline modél that of three variants
models: a model without job rationingi (= 1), a model in which effort and labor market
tightness are not linked(= 1), and a model with completely flexible waggs= 1). These
models are calibrated following the strategy describeckictiBn4.2. The steady-state Ramsey
allocations differ across these models, as described ile #afi he steady state allocation does
not depend ory, since the wage rigidity only affects the dynamics of the model. Thus, the
model withy = 1 has the same steady-state Ramsey allocation as our leas®tel. In a
model witha = 1, jobs are not rationed. Therefore, an unemployed worlacheg for a job
does not impose any negative externality (as the numbebsfigonot limited, but solely driven
by the aggregate search effort). In addition, the macrstieity of employment with respect
to net rewards from work is higher than in our baseline modéh w = 0.67 because the
marginal revenue product of labor is independent from egmpknt and as a result, an increase
in employment does not trigger a reduction in labor markgtttiess’? As a consequence, it is
socially optimal in the model withh = 1 to reduce the net replacement ratet(te 56%) which
increases aggregate search effortgte 1.21) and drives unemployment down {ic= 4.9%).

In a model withn = 1, jobs may be rationed but equilibrium employment is diyedétermined

by the labor supply equatioB), without any interaction from the labor-demand sideHence,
there is no negative search externality, and the macro- aob+alasticity are equal. In a
model withn = 1, it is therefore socially optimal to have unemployed waoskexert large
search efforts. As shown on Tableit is socially optimal to reduce the net replacement rate
(to T = 59%) which increases aggregate search effore &o1.18) and drives unemployment

down (tou = 5.0%).

310n Figurel, the labor demand curve is horizontal.
320n Figurel, the labor supply curve is vertical.
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Figure9 compares the IRFs across these four models. The dynamics 8amsey alloca-
tion differ starkly across these four models. We have dbsdrthe dynamics of our baseline
model above. We reproduce them in Fig@ras a benchmark. In the flexible wage model
with y= 1, the technology shock has no influence on the Ramsey atbada¢cause wages and
recruiting costs are fully flexible. In particular, the neplacement rate does not respond to
technology shocks. In the model with= 1, the Ul program does not respond to technology
shocks because the policy trade-off is independent frormi@ogy (workers’ search behavior
solely determines employment independently of firms’ besrqavTherefore, effort and unem-
ployment (which are solely determined b§C®) — u(C")) do not fluctuate. Only labor market
tightnes9® responds to the technology shock so that the demand forhabtwhes the supply of
labor (v/u = e- 8 responds automatically). In the model with constant retara- 1, as already
explained inMichaillat (2010, the vacancy-unemployment ratio and unemployment retspon
more strongly to a technology shock than in our model witkt 1. The optimal net replace-
ment rate jumps on impact before decreasing rapidly to éadst-state level. On impact, the
government reduces the unemployed workers’ search effoenwirms substitute recruiting

inter-temporally from the future to the present in orderntesth recruiting.

Finally, we evaluate the sensibility of the results to ouibcation. We examine how the
the dynamic behavior of the model changes when we modifydhibration of the parameters
shaping the utility functiond, k) and of the parameters influencing job rationiagy). We first
change the calibration of the utility function and study Rkith less risk aversioro(= 0.5),
more risk aversiond = 2), a more elastic effort functiork (= 0.9), and a more inelastic effort
function k = 3.6). The steady states differ slightly across these scesjaa® described in
Table4. As shown on Figurd 0, the qualitative behavior of the model with these different
calibrations remains unchanged. Quantitatively, the egliacement rate increases more after
an adverse shock when workers are less risk-averse. Thdysitse net replacement raie
however, is lower. The converse is true when workers are mskeaverse. A change in the
elasticityk of the search co¥(e) has a small effect on the optimal Ul. A higherslightly

reduces the optimal increasetin

Next we change the calibration of parameters determinipggtoning and study IRFs with
more wage rigidity ¥ = 0.25), less wage rigidityy(= 0.75), more diminishing marginal re-

turns to labor@ = 0.5), and less diminishing marginal returns to labwe 0.84). The steady
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states differ slightly across these scenarios as desdrnbeable4. As shown on Figurél, the
gualitative behavior of the model with these differentloaitions remains unchanged. Quanti-
tatively, the net replacement rate increases more aftedagrse shock when wages are more
rigid or the production function has more diminishing masedireturns to labor . The converse
is true when wages are more flexible or marginal returns torldb not diminish as much with
employment. Furthermore, unemployment and vacancy-ulsgment ratio respond much

more to a technology shock when wages are more rigid (Igyver

5 Conclusion

This paper analyzes optimal unemployment insurance oegbukiness cycle. We model un-
employment as the result from matching frictions (in goades) and job rationing (in bad
times). Our model captures the intuitive notion that joles szarce during a recession, while
retaining the core structure of standard search models.cénral result is that the optimal
replacement rate is higher during recessions. We provedhigt theoretically, using a simple
optimal unemployment insurance formula expressed in tefmscro- and macro-elasticity of
unemployment with respect to net reward from work, and nasion. Numerical simulations
of our model calibrated with US data show that the variatibtme optimal replacement rate is

guantitatively large over the business cycle.

There are a variety of models with job rationing. Here, wespre only one possible source
of job rationing: the combination of real wages that onlytjadlly adjust to productivity shocks
with diminishing marginal returns to labor. We showed that optimal Ul formula can be
expressed in terms of sufficient statistics, and that theaaldehavior of these statistics drove
the properties of optimal Ul. Since the three fundamentgberties of our sufficient statistics—
eMis acyclical, the wedgé&™ — V) is positive, and the wedge™ — V) is countercyclical—
are robust to the origin of job rationing, the countercyality of the optimal replacement rate

is a general property, independent from the specific sourdaationing.

This paper is a first attempt at providing a general-equilinrframework to study optimal
unemployment insurance over the business cycle. Our asalysuld be extended in various

directions in future work. First and most important, our kegonomic mechanism hinged
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crucially on a positive and countercyclical gap betweerraiand macro-elasticity. Although
there is a large empirical literature on the effects of unlegmpent insurance on unemployment
duration, to our knowledge, no study has estimated seamaiero- and macro-elasticities,
as well as the gap between the two. This is the most urgenttstegst the validity of our
normative predictions, and provide most realistic nunarstmulations solidly grounded on
those estimated elasticities. Conceptually, this testss amportant to distinguish between
models of unemployment fluctuations without job rationing= 1 as inHall (2005) and
models with job rationingd < 1 as inMichaillat (2010, which have very different policy
implications.

Second, the model is simplistic in that there are only tetdgyshocks. Future work should
explore how other shocks (such as demand shocks or finamsiaflthnces) influence optimal
Ul. We conjecture that our reduced-form formulas expresse¢drms the micro- and macro-
elasticities are likely to carry over in a model with otheoeks, and a gap between the two

elasticities will continue to be a symptom of a job rationing

Finally, we could extend the analysis to allow to a broader more realistic set of unem-
ployment insurance tools. In most OECD countries, the gowent chooses both level and
duration of Ul. Indeed, in the United States and other caesitthe debate about the generosity
of Ul benefits during recessions focuses primarily on theatlom of benefits. Our analysis
could be fruitfully extended to a setting in which more generunemployment insurance im-

plies both higher and longer unemployment benefits, &eadriksson and Holmlun(@001).
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A Proofs

A.1 Proof of Proposition 1

By definition, we have:

(A1)

M _gm_ AC [ON° ONSOE] do
- 08 " OE 08| dAC

The supply equatiorB), N3(6,E) =E f(8)/[s+ (1—s)E f(0)] implies thatd =1— (1—s)N =
s/[s+ (1—s)Ef(8)], and hence

NS _ sf(8) N
0E ~ [s+(1—9)Ef(B)]2 =Yg (A2)
NS SE /() N

8 st (1 sef@pe Y 15 (A3)

where 1-n = 06f/(8)/f(0) is the elasticity off (8) with respect td® which is constant with a
Cobb-Douglas matching function. So we can rewrié)as

AC N 0 GE} doé

eM_egM= _—_.U.— {1— (Ad)

1N "8 TEM| dac

Using the labor demand equatiof),(F'(N) = W(a) + %‘ we haveF”-dN = —df-s-r-
aq(8)/q(8)? = (de/8) - (F' —W) -n wheren = —8q/(8)/q(8) is minus the elasticity ofj(8).
Thereforedd/dN=[F"/(F'—=W)](6/n) =—[(1—a)/N][F'/(F'—=W)](6/n) where 1-a =
—NF” /F’"is minus the elasticity of’ and constant in the Cobb-Douglas case. Hence, we have

N do 1-a F

9dN  n F-W (A5)
d6  dodN  1-a F’/ 91 NsM
dAC dNdAC n F—-W N AC ‘
Finally, the individual first-order conditiorb) for E defines implicitlyE(Au, ) with
Au 0E U 1-U
Eobu K Kil (A6)
6 0E  (1-n)uU (A7)

E 00 K

Combining those equations, we obtain

1-n 1 U
M_ m:_—. —_ . —_— . —_ . M
g’ —¢ 0 (1-a)-U T-W/F (1+ ) ev.
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This proves item (ii) in Propositioh. We define

R(a,Au)zsm/sM:1+1_Tn-(1—cx)-u-ﬁ/p- (1+%). (A8)
We have
dN :ONS dE +0NS de :N-U dE _1—r](1_a) Fi'd_N,
dAC O0E dAC 06 dAC E dAC F'—wW dAC
and hence,
dN N-U/E ~dE
dAC 1+1H_”(1_G)U F’F—,W dAC’
d 1-a F 8 dN —'UFwO/E) dE
dAC n F'—W N dAC 1+1H_”(1_G)UF,E’W dAC

Therefore usingA7) and A6):

F’ U
'—W K
!

T

dE _0E dau GE d0 (U 1-U\ Edau FH(l-a)u
dAC  0AudAC  00dAC \k K+1 /) AudAC 1+1;_n(1_a

c
L

| |m
z

Q_.
>
Q

which implies

Now, we have
dAu  d(u(C"+AC)—u'(CY))

daC dAC
UsingC! = N(W — AC), this implies

= U(C®% + AU act

— — U +AU(W—-AC)—— (A9)

(
)-SR NU- (S )
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Therefore,

NU -AC (Q + ﬁ)
SM _ 1-N  Au K 1+K
1— = Uy AU-(W—AC Uu_ 1-U
l+T”(1—or)U w (L+%) == (Au LNU- (% + 1)
U -AC- 1-N
8|\/| _ u C [U/< — )] (AlO)
(k+1)-R(@Au)-Au-&- [1+Y] " —Aw - (W—AC)-U
Finally, using (ii) in Propositiorl, we have,
U -AC-[U/(1-N
em _ u [U/( )] (A11)

(K+1)-Au-L - [14+Y] "~ A (W-AC)-U -R(a,Au)-1

Using the approximation, N << 1 ands << (1-N)/N, we have) =1— (1-s)N << 1,
U/k<<1,1-N=~1, andu ~ U(C®). The second term in the factor deliminated by curly
brackets ine™ in (A11) is negligible (relative to the first term). Furthermokg/(1—N) =
1-sN/(1-N)~1ass<< (1—N)/N, implyinge™~ [U'(C®)-AC/Au] /(k + 1) and proving
().

We show thabR/0da < 0 to prove (iii) in the proposition. We first state a lemma disieg
the response of the equilibrium to a change in technologynfarative statics) for a given Ul
Au.

Let T =F/(N,a)/(F'(N,a) —W(a)). Using the firm’s optimal recruiting behavio8)( we
can write

F'(N,a) F'(N,a)

T(N.8) = F(N,a)-W(a) sr-a a(6(a)) = %'Nail'q(e)'

LEMMA Al. Fix the Ul programAu > 0. Let a> 0. In equilibrium, we have the following
comparative-static results: dila> 0, dU/da< 0, dE/da> 0, d6/da> 0, and dT/da < O.

Proof. For a given Ul progranf\u, a worker’s optimal search behavids) (mplicitly defines
search effort as a functioB(6) such thatE /06 > 0. Firm’s optimal recruiting behaviof7)
implicitly defines labor demand as a functidii(a, 8) such tha®N9/da > 0 andoNY /00 <

0. Equation ) defines labor supply as a functiod?(E(68),0) such thatoN®/0E > 0 and
0NS/08 > 0—that is,dNS/d8 > 0. The equilibrium conditiorN3(8) = NY(a,8) implicitly
defines labor market tightness as a functiga). Differentiating this condition with respect to
ayields

dN°de _ oNT | oN‘de
d6 da oda = 06 da
de  oNd {dNS am@'}1

da o0a |dB6 06

Thusd6/da> 0. In equilibrium,N(a) = N3(6(a)) sodN/da> 0 anddU /da= —(1—s)(dN/da) <
0. SinceE(a) = E(6(a)), dE/da> 0. SincedT /98 < 0 anddT /oN < 0,dT/da< 0. ]

Using LemmaAl, we can immediately conclude thefR/da < 0.
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A.2 Proof of Proposition 2

First, usingC! = N(W — AC),

dct LOY

Second, using the optimality conditiof)( and the isoelastic assumption fQE ), we can write

K-+1
A 1—9s)-k(E) =Au- .
u+(1—s)-k(E) u U

Lastly, the combination ofA1), (A3), and A7) yields

NS d® y m1-N «
30 aac = € ) ae iU

Reshuffling these terms il Q) and dividing the equation bl — N)eMt' yields (12).

A.3 Proof of Proposition 3
Consider optimality condition 12). It can be written as
Q1) =Z(a,1) (A12)

with a € (0,4) andt € [0,1]. For anya, we assume thatA(2) admits a unique solution
1*(a). Equivalently, we assume th@(t) andZ(a, 1) cross only once for € [0, 1].

LEMMA A2. lim{-1Q(T) = 4+ and for any a> 0, lim{-1Z(a, 1) =M < 4o

Proof. We consider two cases.

First case:C®/C" — K >1 ThenAu=In(C®/C") — In(K) > 0. In that case all variables are
€ (0,+). Moreover,AC,Au,Au’ are bounded away from zero. Accordingly, the elasticities
eMandeM € (0,+). Then lim_,1Z(a,1) € (0, +).

Second caseC®/CY — 1 ThenAu = In(C®/C") — 0, which complicates the analysis. We
need to prove thaD(a, 1) converges to a finite limit. Sincku — 0,U — 1,E — 0, N — 0,
B — +. HenceR(a,Au) - R=1+(1-n)/n(1—a)(k+1)/k. Budget constraint imposes
(1—N)bW+N(1—t)W =NW, ort = b(1—N)/N. Sincet =t+Db, 1=Db/N, so thatC" =
TINW andC® = [1— (1— N)T]W. Whent — 1, CY ~ NW andC® ~ NW. We haveU /(1—
N) =1, (K+1)(14+U/k)"t =k, N(W —AC) ~ NW, U ~ U (C") = 1/C", /AC ~ AC/CY,
Au = In(C®/CY) ~ C®/C"— 1= AC/C", —AU = AC/(C®-C") so that—Au' - NW ~ AC/C".
Accordingly,eM /N ~ 1/(kR+ 1). Moreover,—Au' /0 — 0 whent — 1, (€M/eM — 1)k (k +
1)/(k+U)%? = (1—n)/n(1—a), anduAC/Au ~ 1. Hence, lim_,1Z(a,T) € (0, +). O

LEMMA A3. Let a> 0 and lett*(a) be the unique solution tfA12). For all T < 1%(a),
Q(1) < Z(a,1) and for allt > 1*(a), Q(1) > Z(a,1).
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Proof. Using the results from Lemn¥a2 and the single-crossing assumption. O

As the government budget k&1 — N)W = tNW, 1— N << 1 implies thatt << 1 and
henceCY/C®=b/(1—t) ~ b+t =1. ThereforeAu = In(C®/C") = —In(1). We denote again
R(a,1) = eM/eM. Using the approximation(l) for €™ from Propositionl, we can write the
micro-elasticity as a function af

1 T

m ~ 1-
&0 T ihm

Therefore, the approximated optimal formuls) can be rewritten as:

We write the equilibrium condition a§(t) = Z(a,t). From Propositionl, we know that
0R(a,1)/da< 0 for all T € [0,1]. We can use the result from Propositibbecause the partial
derivative wrta takingAu as given is the same as the partial derivativeantakingt as given,
sinceAu depend®nly ont and not on aThereforeﬂZ/aa < Oforallt.

Consider a decrease in technology frarto @ < a. Q(1*(a)) = Z(a,1*(a)) < Z(d/,1%(a)).
LemmaA3 (which applies taZ if & close enough t@, when our approximations are valid)
implies thatt*(a) < 1*(&'). Thus,01*/da < 0.

B Derivation of the Ramsey Allocation in the Dynamic
Model

B.1 Firm and household problem

The unconditional probability of observing an histayis given by the probability measure
be(a).

Representative firm: Endogenous layoffs never occur in equilibrium so the Lagiam of
the firm problem is

r-a
q(6)
| assume that the firm maximization problem is concave andta@m interior solution (which

will always be the case in equilibrium). Immediately, we cow that employmerﬂsltOI is
determined by first-order conditio@%).

£= 58y we) {Fa - wend - D W | e
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Representative household: The Lagrangian of the household’s problem is
585 { = [1- (19N 1))+ (1)) )

+A{[1-(1-9)- Nt1]'Etf(et)+(l_s)'Nts1_Nts}}a

whereNS(a') is the probability to be employed in periacafter perioda' and {A(a!)} is a
collection of Lagrange multipliers. The first-order comatitwith respect to effort in the current
periodeg gives:

K(E) = f(6)-A.
The first-order condition with respect to expected emplaynséatus\?® yields

Ac = [U(CE) — U(CH)] + B(1— ¢ [K(Ees )] +3- (1—9) - Ee[Ars (1— Evsaf(B11))]

K(E) _ ryce)— (e K (Eisa)
f(ett) = [u(&) —u(C)]+6- (1—9) K { f(ettﬂl)} 5 (1—8)(K+1) - Ft [K(Ers1)] + (1 — 8)Ex [K(Ep1)]

Thus, the optimal effort function therefore satisfies théeEaquation 18).

B.2 Ramsey Problem

The maximization of the government is over a collection afusnces
(Ne(al), Ee(al), B¢ (al),Cé(al),ci(a"), val};~5. We can form a Lagrangian:

gatzu {1 @9 (B + (1N U + MU
RN o SN
A0 (M) NP (1-NICH— 0% [N— (19N
e e KI(E) K(Eca)
8 |l )] - g +o1-9E | e 9m ke
/ o _at - l-agyq
#G N2 W it 09| gt

+ Dy [(1—(1—3)-N[1)-Etf(9t)+(l—s)~l\lt1—Nt]}

where{A(a!),B(a!),Ci(a!), D (a"), va' },~5 are sequences of Lagrange multipliers, and

t+1
Et Xi41] = Z %Xtﬂ(atjq)
a[+ ‘at
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is conditional expectation operator. We rewrite the Lagran as:

Z)estzut )+ (- (0 (- 9N KB + (1N - U(E) + M- )

u_ & _(1_<q).
A0 F(Mya) NG (1 NG~ 2L N — (19 Ne o]

8 1) - - {80 B9 [ - i)

[ A PN
G _F (Ne,20) —W Q(et)} TG-1(1-9) LI(et)}

+Dt[<1—(1—s>-M_1>-Etf<et>+<1—s>-Nt_1—Nt]}

First order conditions of the Ramsey problem with resped tal) fort > 0:
0=u(CP) — u(C) +3(1 — S)E¢ [K(Et 1))
— Dt + (1 — S)Et [Dt+1 : (1 — Et+1 f (9t+1)]
+C-F' (N, &)
rag rag1 }

+At{ (N ay) — (CE—CY) (>}+<1—s>6Et[At+1-q(eM>

Dt = u(C) —u(C') +8(1 — 8)E [K(Et+1)] + (1~ 9)E¢ [Desa- (1~ Eesa f(Brr1)]
rac1 }

0P () A (W)~ (-G + (19185 | (A —A) - o

With respect tcCF for t > 0:
0=N;-U(C) +B - U'(C) — AN,
/e By
— 14+ —
A=u(e) (14 )
With respect teC fort > 0:
0=(1-N)-U(G)—B-U(G) —A-(1-Ny)

By
A= (1_1 N



With respect tds; fort > 0:

0= U -K(E)—Br k:éeEtt)) +(1-9)Bs 1:l(<eEtt)) k(- 9B 1K () + Dy -Us- ()
0=—Ut-K(E)+ k]:/((eEtt; ((1-9)Bt-1—Bt) —K(1—95)Br1K'(Et) + D¢ - Ut - ()
0=—(K+1)U-k(Er) + Kk/<Et) ((1—9)Bi_1—B)

F(6r)
— K(K -+ 1)(1— S)Bt,]_k(Et) + Dy Et - Uy - f(et)

D, -H 1
mzut—l—Km[&—(l—s)Bt1]+K(1—S)Bt1
With respect td; fort > 0:
I-at

O:_A{'H'W'Ht
+<1—n>aetk_(fE(‘e>t>—< - ><1—s>-a_1etk'<fE(te>t>
—Q~n~%+ql-(l—8)-nfr(';t)
+D¢-Ut-(1—n)-Eq(6)
f— .r‘at.

Mg ™

1-nK(&)
+T f(et) (Bt_<1_s)'Bt—l)

I-at
- q(et) (C[ - (1_8) 'C[,]_)
+ DUt _n'Etf(et)
AL 1-n\ 1-nKE) , . o Cra
0—H, ( ALt ants )+ e (B (1-9) By o8 (G- (1-9-Cy)
0=t (~Acr-atDaey )+ FTEER B (-9 B ra (G- (129G

The following proposition summarizes the results.

PROPOSITION Al (Characterization of Ramsey allocatioifhe Ramsey allocatiofC, C, 6, N, E¢ };-%
and the sequences of Lagrange multipliers from the govemhpreblem{ A, B;,C, Dt}»t+:°°0 are
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characterized by the following constraints:
r-a

H
aer)
K'(Ety1)
f(6r11)

0= F'(Nea) ~W(ar) - q(eat‘t) to-9k [;(‘;:ﬂ

0=Uy;-Ef(6)—H, (A17)

0=F (N, a) — NCF— (1— Ny )C -

0= [u(CE) — u(c)] - ‘}E?; 51— 9E; [

(A14)

|- kea-9ElE] (a9

(A16)

and the following first-order conditions with respect tg &F, C, &, 6; (respectively):

Dy = U(CE) — U(CY) +8(1 — S)E: [K(Eiy1)] + (1 — S)E Doy~ (1— Eea f (Bisn)]

£ () + A (W(a) (G- G} + (1988 | (s~ A o
(A18)
A=U(C) <1+%)
A=u(@) (1175 )
D¢ -H 1
k)~ VR ET ey B (- 9Bl k(- 9B (AL9)
0=H- (—Aq-r~at+th(9t)1;n)
i ].—Tr] k/(etEt> (B[ . (1_ S) . B[fl) —r-& (CI — (1_ S) ~C[71) (AZO)
Equivalently:
N 1-NH
o {u'm N u'<qe>} (A1)
2 =N (7 7 ) A h22

COROLLARY Al (Ramsey allocation in the absence of aggregate shotkg) Ramsey allo-
cation in the absence of aggregate shocks is const@f:C",N,8,E,A B,C,D} is character-
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ized by the following equations:

[1-3(1—9)] kf/E;) +8(1— )k -K(E) = [u(C®) — u(CY)]

1
N=T9715ET®
u_ _sr-a

NC®+ (1—N)CY =F(N,a) @ N

+C-F"(N,a) +A{W(a) — (C®—C")}
_ K(E) B K
P=%0) {HN'U}
1-n K(E) B (X
o2 (110
1

B=N-(1-N) (U’<C”>—U’<Ce))m

Proof. The first-order condition with respect Ebbecomes (when the labor market is in steady
state E f(6)U = H):

D-U-f(8)
K(E)

=U+k(1-s)B+k B

S
Ef(0)

The first-order condition with respect édbecomes

. —_ —_ / .
O:S-N-(—A-r a_|_D1 n)+l I’]k(E) .B_E. -C

a® N no1e " @)
a5 AN+0 =28 N0+ o)
c:("";.(A-NJrC):l;—”kf/E;)(N+B-(5+1>)
C:l;—nrk‘/;E‘)e(N-l—B-(g—l—ln—A-N

L
COROLLARY A2 (Equivalence with one-period modelfhe Ramsey allocation in the dy-
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namic model in the absence of aggregate shocks converges solution of the Ramsey prob-
lem in the one-period model when the discount fadtoonverges towards.

Proof. The incentive-compatibility constraint in the one-perimddel is given by 4). Notice
that, usinge f(6)U =s-N,

: f K(E)1
“EN=F® UN Sf@uU
(1= 9K(E) = K(L—K(E) — (1+K)(1—9K(E)
— K(1—S)k(E)— (1—5) kfg';)) = fﬁe)u
— K(1— 9K(E) _Skf/ES; (1_US)N
K(E)r — (1-9K(E) = s% [Ui _ (1575)'\'} +K(1—SK(E) = skfgg)) +K(L—9K(E)

So the incentive-compatibility constraint in the one-pdrmodel can be rewritten aS)( We
can form a Lagrangian:

L=—(1-(1-9N)-k(E)+(1—N)-u(C")+N-u(C®
[ y r-a
+A _F(N,a)—NCe—(l—N)C —ws-N}

8 |[uc®) - ucy) - s';/((ee; —K(1- s)k(e)]

[, s-r-a
+C _F (N,a) —W(a) — ) }
+D[(1—(1—9)-N)-Ef(8) —s-N]

By inspection, it appears that the allocation solving theteay of equations described in corol-
lary Al for d = 1 also solves constraints and first-order conditions aasatiwith the maxi-
mization of the Lagrangian in the one-period model.If bgtkimization problems are convex,
then they admit the same unique solution. O

B.3 Impulse response to unexpected, transitory, technolggshock

We first characterize the steady state of the model, and tbgeribe the log-linearized equi-
librium conditions around this steady staxalenotes the steady-state value of variafleThe

a=a= 1. Moreoverh = snandt = 1— (1—s)A. % = dlog(X) denotes the logarithmic de-
viation of variableX;. The equilibrium is described by the following system of-loggarized
equations:

 Definition of labor market tightness:
U+&+(1-n)-8—h=0
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Definition of unemployment:
Ui+ 1 =0
whereZ = =Y.
Law of motion of employmentA17):
(1-9) k- 1+sh—k=0
Resource constrainf(L4):
& +afk—{a- (he+n-6+&) + - {p (e +Ca) + P2 (—Vik+ )} } =0,

with g; = ﬁ-sﬂl‘“, pL= mﬁg‘%m,v: o7 02 = 1—q1, andpy = 1— px.

Firm’s Euler equationA16):

~&+(1—0a) frro-y-&+ra- (N6 +&) +raE[n-Ga+&1] =0

1—a c

With 1y =Wp - 55 -9, rp = R i.nt%andrg=1-ry—r,.
Productivity shock:

&=p-&-1t+z
Household’s Euler equatio®\(5):

1

O(1—ys)
1-5(1-5) | .

K& — (1—n)ét] - m

€eS1Ca + EySCl — {tz {
+t1 (1K) E[& 4] } =0

where we define the elasticity af-) around steady-state

_dIn(u(x))
odin) [
ands; = u(ce)/Au, s, = 1—s1, tp = 1—tg, andty = %.

Lagrangian?; defined by equation21):
A+ uy (T —€x¢a) + Up (—Vik —€C) =0
where we define the elasticity af-) around steady-state

,_ din(U'(x))
57 Tdin

X=C

n/u' (Te)
n/u(Ce)+(1-n)/U (cu)

and wherau, = , andup = 1 —us.
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» LagrangiarB; defined by equationA22):
Br — [(1—V)ri + A — (etCer) — ((Cur) + { EGViCR +(VaCin }] = O
_ U _
wherev, = T CSETICTL andvo =1—vq.
» LagrangiarD; defined by equationy19):

v . v . . v v v l—s.

Dt + Ut + (1 —1n)6 — K& — |Wolk +W3Bt—1 —Wa {(l—n)ewet—{ B —— B 1}” =0

uD-f(6)
K@

» LagrangiarC; defined by equationA20):

wherew; = ) , andw, = T/wg, W3 =K- (1—5)-B/wg, Wy = 1—wp —Ws.

. “ . . 1 .
he +Xa (A +3) + X5 (—n6 + D) — [ B + K& + = Bt——SBt 1}

wherex; = Ar—q(0)-D- 1;—” xp=2N.5.B. X8 x;=.s.r.C, andxs = A-1/x,
X5 = 1— X4, X6 = X2/ (x1h), X7 =
» Optimality condition A18) with respect td\;

D; — {Y1 (€e21CE +€uZoCl) +Y2(1+K)E [&11] +Y3E [[3t+1 — 25 (&1+(1— rl)ét+1)}
+Ya (G +& + (o —2)ik )+ys(A¢+{23vat+Z4ca+25cu})+yeE[A¢+1—At}}20

D )

whereg; is defined as above arml = CIETCTL

Vo= (1-9)- (1-8f(8). 3= it & = gy Yo =~ (10 €
26=1?;(%),ye=(1—5)-%-qr(§),and22=1—21,25=1—23—24,y5=1—y1—yz—
Y3 —Ya.

Once we have solved the log-linear system, we can recovéoghdeviations of the policy
variables. Le® be the consumption per employed worker

1 r-a
== (¥%-—2H
TN (t EY t)

=1-7
L
=t +b
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These relations gives the steady-state vajuést, T. Then we infer

tt = —b1 (Cet — )
by = Cut — Bt
T = cafe + coby (A23)

wherea; =y/(Np), ax = 1—ay, by = (Te/P) /T, c1 =1/T, ¢ = 1 = c1. We can also determine
the log-deviation of the certainty equivalent consumptiefined byu(C;) = SW. Then
SW
cu(c)

~ ~

S = G.

B.3.1 Log-linear model under constant Ul program

In that case is constant, and the government does not pick the Ul progratimally. In the
log-linear system, we eliminate the 4 Lagrange multipl&r®;,C;, D; and 4 log-linear equa-
tions that give these multipliers. We also replace the egaafiving the optimal Ul program
by an equation that ensures tliaemain constant:

Tt =0,

wheret; is a linear function of the log-deviations in the system, esatibed by £23).

C Tables and Graphs
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Table 1: RRAMETER VALUES IN SIMULATIONS.

Interpretation

Value Source

Steady-state effort
Separation rate
Discount factor
Efficiency of matching
Elasticity of job-filling
Real wage rigidity
Recruiting costs
Steady-state real wage
Returns to labor

Risk aversion

Search elasticity
Searching cost

7\8XQQ§O<J§O‘I(D(’D|QJI

Steady-state technology

1 Normalization
1 Normalization
0.95% JOLTS, 2000-2010
0.999 Corresponds to 5% annually
0.19 JOLTS, 2000-2010
0.7 Petrongolo and Pissarid€2007)
0.5 Pissaride$2009, Haefke et al(2008
0.21 .B2x steady-state wage
0.67 Matches steady-state unemghbyf 5.9%
0.67 Matches labor share of 0.66
1 Chetty(2006h
1.8 Meyer (1990
0.87 Matches=1 fort = 15% andb = 60%

Table 2: YMMARY STATISTICS, QUARTERLY US DATA, 1964-20009.

U V/U W Y a
Standard Deviation 0.168 0.344 0.021 0.029 0.019
Autocorrelation 0.914 0.923 0.950 0.892 0.871

1 -0.968 -0.239 -0.826 -0.478

— 1 0.220 0.828 0.479
Correlation - B 1 0.512 0.646

- - - 1 0.831

- - - - 1

Notes:All data are seasonally adjusted. The sample period is L642009:Q2. Unemployment rdteis quar-
terly average of monthly series constructed by the BLS fromm@PS. Vacancy raté is quarterly average of
monthly series constructed by merging data constructeth®Bt. S from the JOLTS and data from the Confer-
ence Board, as detailed in the text. Vacancy-unemploynagioty /U is the ratio of vacancy to unemployment.
Real wagaW is quarterly, average hourly earnings of production and swervisory workers in the private sec-
tor, constructed by the BLS CES program, and deflated by thaeteply average of monthly CPI for all urban
households, constructed by BLBis quarterly real output in the nonfarm business sectortcocted by the BLS
MSPC program. lo@) is computed as the residual (0§ — a - log(N) whereN is quarterly employment in the
nonfarm business sector constructed by the BLS MSPC praghdirariables are reported in log as deviations
from an HP trend with smoothing parameteP10
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Table 3;: SMULATED MOMENTS WITH TECHNOLOGY SHOCKS AND CONSTANTUI PRO-
GRAM

U V/U W Y a
Standard deviation 0.126 0.441 0.009 0.024 0.018
(0.023) (0.076) (0.002) (0.004) (0.003)
Autocorrelation 0.936 0.909 0.877 0.894 0.877
(0.023) (0.031) (0.040) (0.035) (0.040)
1 -0.977 -0.985 -0.991 -0.985
- 1 0.974 0.972 0.974
Correlation - - 1 0.999 1.000
- - - 1 0.999
- - - - 1

Notes: Results from simulating the log-linearized model understant Ul program such that= 72% with
stochastic technology. All variables are reported as ittgaic deviations from steady state. Simulated standard
errors (standard deviations across 50 simulations) ategpin parentheses.

Table 4: SEADY-STATE RAMSEY ALLOCATION ACROSS CALIBRATIONS

Calibration Parameter values Steady state
m W c T U e v/u

From Tablel 0.19 0.49 0.22 76% 6.1% 0.93 0.49
ye€ [0,1] 0.19 0.49 0.22 76% 6.1% 0.93 0.49
a=1 0.19 0.49 0.32 56% 4.9% 1.21 0.57
n=1 0.15 0.49 0.22 59% 5.0% 1.18 0.40
0=0.5 0.19 0.74 0.22 76% 6.2% 0.92 0.49
o=2 0.19 0.69 0.22 80% 6.6% 0.81 0.52
K=0.9 0.19 0.65 0.22 76% 6.2% 0.90 0.49
K=3.6 0.19 0.41 0.22 78% 6.1% 0.94 0.49
a=05 0.19 0.49 0.16 79% 6.2% 0.90 0.50
a=0.84 0.19 0.49 0.27 68% 5.7% 1.05 0.47
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Figure 1: LABOR DEMAND AND LABOR SUPPLY IN ONEPERIOD MODEL

Notes: These diagrams describe equilibria in the one-period medkljob rationing. The two panels represent
labor supply and labor demand for high technolagy 1.03 (top) and low technologg = 0.97 (bottom). The
two labor supply curves correspond to a net replacement raté2% calibrated in US data (dotted line) and to a
low replacement rate = 50% (plain line). Diagrams are obtained by plotting labamded {) and labor supply,
which is a combination of3) and §), for 8 € [0,1.5]. The one-period model is calibrated in TalileNote that
since we use log-utility, keeping a constarnitmposes a constatdu = —In(T).
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Figure 2: QPTIMAL Ul PROGRAM AND EQUILIBRIUM OUTCOMES IN ONEPERIOD MODEL
AS A FUNCTION OF TECHNOLOGY
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Figure 3: MCRO- AND MACRO-ELASTICITY OF UNEMPLOYMENT WITH RESPECT TO NET
REWARD FROM WORK

Notes: The elasticity of - N with respect taAC is represented as a function of technology. Wetfix 76%—
equivalent to fixingAu with log-utility— which is the optimal net replacement ratéh steady-state technology
a=1.
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Figure 4. NET REPLACEMENT RATE DERIVED WITH ALTERNATIVE FORMULAS

Notes: The net replacement rates obtained in the one-period model, and represented ascéidarof technol-
ogy a. The green (dashed with circles) line is obtained with théyBfarmula using the micro-elasticitg™ of
unemployment with respect to net rewards from work. The daglied) line is obtained with the Baily formula
using the macro-elasticitg™ of unemployment with respect to net rewards from work. Theeksolid) line is
obtained with our optimal formul&l@).
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Figure 5: WELFARE GAINS FROM ADOPTING AN OPTIMAL UNEMPLOYMENT INSURANCE

Notes: These welfare gains are percentage increase in certajofyadent consumption—the amount of con-
sumptionC® such thatJ (C®9) = SW—from adopting the optimal level of unemployment benefitd kor tax.
The welfare gains are measured in the one-period model,uasctdn of technology. The optimal Ul is compared
to Ul obtained with various Baily formulas.
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Figure 7: DETAIL OF RESPONSE OF OPTIMALUI PROGRAM TO A NEGATIVE TECHNOLOGY

SHOCK

Notes: This figure displays impulse response functions (IRFs)ctvinepresent the logarithmic deviation from
steady state for each variable. IRFs are obtained by imgasimegative technology shoek= —0.01(about 4
times the standard deviation0D26) to the log-linear equilibrium describing the Ramskgcation (allocation

Net replacement t
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with optimal Ul). The time period displayed on the x-axis 802veeks.
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Figure 8: RESPONSE OF OPTIMALUI PROGRAM AND EQUILIBRIUM OUTCOMES TO A NEG
ATIVE TECHNOLOGY SHOCK

Notes: This figure displays impulse response functions (IRFs)ctvinepresent the logarithmic deviation from
steady state for each variable. IRFs are obtained by img@siregative technology shozk= —0.01 to the log-
linear model (about 4 times the standard deviatid®@6). The time period displayed on the x-axis is 250 weeks.
The blue (solid) line IRFs are responses of the Ramsey dilbocéallocation with optimal Ul). The red (dashed)
line IRFs are a useful benchmark: the responses of the egomtien the net replacement rate is constant with

T="72%.
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Figure 9: ®MPARISON OF RESPONSES OF OPTIMAUI PROGRAM TO A NEGATIVE TECH
NOLOGY SHOCK ACROSS MODELS

Notes: This figure displays impulse response functions (IRFs)ctvinepresent the logarithmic deviation from
steady state for each variable. IRFs are obtained by impasinegative technology shoak = —0.01 to the
log-linear model (about 4 times the standard deviati@®R6). The time period displayed on the x-axis is 250
weeks. The blue (solid) IRFs are in our base modet(0.67,n = 0.7,y = 0.5). The red (dashed) IRFs are in a
model witha = 1 (no diminishing returns to labor). The green (dot-dashi&}s are in a model with = 1. The
magenta (dotted) IRFs are in a model wjth- 1 (no wage rigidities).
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Figure 10: FESPONSES OF OPTIMAWJI TO A NEGATIVE TECHNOLOGY SHOCK FOR ALTER
NATIVE UTILITY CALIBRATIONS

Notes: This figure displays impulse response functions (IRFs)ctvinepresent the logarithmic deviation from

steady state for each variable. IRFs are obtained by img@siregative technology shozk= —0.01 to the log-

linear model (about 4 times the standard deviatid¥®@6). The time period displayed on the x-axis is 250 weeks.

The blue IRFs are in our base modek€ 1,k = 1.8). The red (dot-dashed) IRFs are in a model with 0.5 (less

risk aversion). The green (dotted) IRFs are in a model with 2 (more risk aversion). The magenta (dashed)

IRFs are in a model witk = 0.9 (larger micro-elasticity). The black (dashed) are in a eledth k = 3.6 (smaller
micro-elasticity).
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Figure 11: ESPONSES OF OPTIMAWJI TO A NEGATIVE TECHNOLOGY SHOCK FOR ALTER
NATIVE JOB-RATIONING CALIBRATIONS

Notes: This figure displays impulse response functions (IRFs)ctvinepresent the logarithmic deviation from
steady state for each variable. IRFs are obtained by img@siregative technology shozk= —0.01 to the log-
linear model (about 4 times the standard deviati®®26). The time period displayed on the x-axis is 250 weeks.
The blue IRFs are in our base modek 1,k = 1.8). The red (dot-dashed) IRFs are in a model with 0.5 (more
diminishing returns to labor). The green (dashed) IRFsraeemodel witha = 0.84 (less diminishing returns to
labor). The magenta (dashed) IRFs are in a model yith0.25 (more wage rigidity). The black (dotted) are in a
model withy = 0.75 (less wage rigidity).
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