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Search and Matching in the Long-Run

■ Previous lecture focused on short-run labor market dynamics 

■ Now shift our focus to long-run 

■ Is DMP a good model for long-run labor market dynamics?
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Beveridge Curve in the Long-run
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Unemployment and Vacancy Rate
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Figure 2: Unemployment and Vacancy Rates US: 1927-2018

Figure 3: UE and EU Rates US: 1948-2018
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UE and EU Rates
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Figure 2: Unemployment and Vacancy Rates US: 1927-2018

Figure 3: UE and EU Rates US: 1948-2018
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“Puzzle” of DMP Paradigm
■ Suppose a matching function is  

■ We have seen 
1. No secular movement in the Beveridge curve 

 
 

2. No secular trend in  or  
3. No secular trend in  (or ) 

■ Together, these facts imply there is no improvement in matching technology  

■ Telephone? Fax? Mobile phone? PC? Internet? Air travel? 
All irrelevant for finding a match? — “Puzzle”

AtM(ut, vt)

ut vt
EUt = st UEt ≡ At f(vt /ut)

At
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Balanced Growth in Unemployment Rate

■ Martellini & Menzio (2020) solve the puzzle with a simple idea 

■ When it becomes easier to meet, workers… 
1. are more likely to find the job 
2. become pickier because hunting for a better job offer is easier 

■ Under certain conditions, these two forces exactly offset  no changes in  

■ The second force is missing in DMP because jobs are homogenous 

■ We first introduce job heterogeneity in a partial equilibrium setup 

■ This model is called McCall’s (1970) model of job search

⇒ u
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McCall’s Search Model
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Environment
■ Time:  

■ Workers are risk neutral with preferences 
 

•  if employed 
•  if unemployed 

■ When unemployed, workers receive a job offer with a probability   

■ The wage of job-offer is exogenously drawn from  iid over time 

■ Workers decide whether to accept or reject the offer (no recall) 

■ After accepting the offer, the worker loses the job with probability 

t = Δ,2Δ, …,

ct = w
ct = b

1 − e−fΔ

w ∼ G(w)

1 − e−sΔ
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Bellman Equations

■ Value functions: 
 
 
 

■ Take the continuous-time limit : 
 
 

Δ → 0
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U = bΔ + e−rΔ [(1 − e−fΔ) ∫ max{E(w), U}dG(w) + e−fΔU]
E(w) = wΔ + e−rΔ[e−sΔE(w) + (1 − e−sΔ)U]

rU = b + f ∫ max{E(w) − U,0}dG(w)

rE(w) = w + s(U − E(w))



Reservation Wage Determination
■ Combining the previous two value functions 

■ Workers accept the job offer if , and reservation wage  satisfies 
 

w ≥ wR wR
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rU = b + f ∫ max{ w + sU
r + s − U,0}dG(w)

wR + sU
r + s

= U



Reservation Wage Determination
■ Combining the previous two value functions 

■ Workers accept the job offer if , and reservation wage  satisfies 
 

w ≥ wR wR
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rU = b + f ∫ max{ w + sU
r + s − U,0}dG(w)

wR + sU
r + s

= U
w + sU
r + s

w

U

wR
Reject the offer Accept the offer



Reservation Wage

■ Combining the previous two equations to eliminate : 
 

• LHS: benefit of accepting a wage offer  

• RHS: cost of accepting an offer  = foregoing future better offer 
• At the optimum, two should be equated

U

wR

wR
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wR − b = f ∫
wR

1
r + s (w − wR)dG(w) (1)



Graphical Illustration
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LHS : wR − b

RHS : f ∫
wR

1
r + s (w − wR)dG(w)

LHS, RHS

wR* wR



An Increase in b
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RHS : f ∫
wR

1
r + s (w − wR)dG(w)

LHS, RHS

wR* wR** wR



An Increase in r, s
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LHS : wR − b

RHS : f ∫
wR

1
r + s (w − wR)dG(w)

LHS, RHS

wR*wR** wR



An Increase in f
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LHS : wR − b

RHS : f ∫
wR

1
r + s (w − wR)dG(w)

LHS, RHS

wR**wR* wR



UE Rate

■ The rate at which workers transition from  to  is 

■ What happens if  increases? 
 
 

■ Under what condition, ?

U E

f

d ln UE
d ln f = 0
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UE = f(1 − G(wR))

d ln UE
d ln f

= 1 −
G′ (wR)wR

1 − G(wR)
d ln wR

d ln f



Pareto Distribution
■ We guess and verify that the following economy features such a property: 

1. Wage distribution follows Pareto distribution, 
 

2. Outside option  is proportional to the average wage in the economy, b

18

G(w) = 1 − (w/w)−α

b = b̄𝔼[w |w ≥ wR]

= b̄
1

α − 1
wR



UE Rate Does not Depend on f
■ Plug the conditions 2 into (1),  

 

■ Solving for : 
 
 

■ The UE rate is

wR
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wR − b =
f

r + s
1

α − 1
wα(wR)1−α

wR = [ f
(r + s)(1 − b̄α/(α − 1))

1
α − 1 ]

1/α

w

UE = (α − 1)(r + s)(1 − b̄α/(α − 1))



Main Result

■ If it becomes easier to meet, workers become pickier.  
• This offsets the direct effect, leaving no effect on the unemployment rate 
• … yet workers find a better match and the average wage increases

20

If (i) wage distribution follows Pareto with tail parameter ; and (ii) UI benefit, , is 
proportional to the average wage in the economy, an increase in job-finding rate, , 

1. has no effect on the UE rate,  

2. increases the average wage: 

α b
f

d ln UE
d ln f

= 0

d ln 𝔼[w |w ≥ wR]
d ln f

=
1
α

> 0



McCall + DMP
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DMP with Job Heterogeneity
■ Now we endogenize the wage distribution and job-finding rate  

■ Firm produces  unit of output per worker, where  is match quality and  

■ Assume match quality follows Pareto distribution,  

■ Firm posts vacancy at cost  where  is the average output in the economy 

■ Unemployed workers receive UI benefits of  

■ When  and  meet, draw match quality , and decide whether to form the match 

■ Wages are set according to Nash bargaining with worker bargaining power  

■ The matching function is CRS and is given by 

f

z z z ∼ G(z)

G(z) = 1 − (z/z)−α

c = c̄z̄ z̄

b = b̄z̄

v u z

γ

AM(u, v)
22



Steady State Equilibrium
■ The firm’s value of filled job with match quality  satisfies 

■ The employed worker’s value 

■ The unemployed worker’s value 
 

■ The value of vacancy is 

■ Free entry: 

z

V = 0

23

(r + s)J(z) = z − w(z) + sV

(r + s)E(z) = w(z) + sU

rU = b + Af(θ) ∫ max{E(z) − U,0}dG(z)

rV = − c + Aq(θ) ∫ max{J(z) − V,0}dG(z)



Reservation Match Quality
■ Define . Then 

 

■ Nash bargaining implies 
 
 
 

■ Therefore the reservation match quality  satisfies  or

S(z) ≡ E(z) + J(z) − U − V

zR S(zR) = 0

24

S(z) =
z

r + s
−

r
r + s

U

E(z) = U + γS(z)

rU = b + Af(θ) ∫ max{γS(z),0}dG(z)

zR = rU



■ Steady-state equilibrium  solves 
 
 
 

■ Using  and , and 

(zR, θ)

b = b̄𝔼[z |z ≥ zR] c = c̄𝔼[z |z ≥ zR] G(z) = 1 − (z/z)−α

Steady State (θ, zR)
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β(1 − γ)Aq(θ) ∫ ∞
zR

1
r + s (z − zR)dG(z) = c

zR − b = γAf(θ) ∫
zR

1
r + s (z − zR)dG(z)

θ = β
1 − γ

γ
(α − 1 − αb̄)

αc̄

zR = [ γAf(θ)
(r + s)(1 − b̄α/(α − 1))

1
α − 1 ]

1/α

z
d ln UE
d ln A

= 1 −
d ln f(θ)
d ln A

=0

+
G′ (zR)zR

1 − G(zR)

−α

d ln zR

d ln A
1/α

UE = Af(θ)(1 − G(zR))



Balanced Growth in the Labor Market

■ An improvement in matching technology does not show up in the labor market 

■ Yet, it increases output in the economy  source of economic growth⇒

26

If (i) match quality distribution follows Pareto with tail parameter ; and (ii) UI benefit, 
, and vacancy cost, , are proportional to the average output in the economy, an 

increase in matching technology, , 

1. has no effect on  

2. increases the output in the economy: 

α
b c

A

(u, v, θ, UE)

d ln Y
d ln A

=
1
α

> 0



Mirco Consequences of   
Increasing UI Benefits 

Ganong, Greig, Noel, Sullivan, and Vavra (2022)
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UI Benefit Expansions
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Figure 1: Spending of Unemployed Versus Employed
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Notes: This figure compares income, spending, and checking account balances of unemployed and employed households
using JPMCI data. The blue line shows households that receive unemployment benefits from April 2020 through at
least February 2021. The purple line shows employed households who are matched on 2019 income quintile as well as
date of receipt of Economic Impact Payment. The $600 supplement is first paid in the middle of April, so May is the
first complete month during which households have the opportunity to spend the supplement.

spending for the two groups. Like income, spending of the unemployed evolves nearly identically to
the employed prior to the point of unemployment and then rises sharply at the start of unemployment
in April 2020. This is especially notable when compared to the declining spending of employed
households in this early part of the pandemic. Usually unemployed households reduce spending
relative to employed households (Gruber 1997), but during the period of $600 supplements, these
normal patterns are reversed. This sustained increase in relative spending occurs for the entire time
the $600 supplement is in place. When the supplement ends at the end of July, there is then an
immediate decline in spending. This is followed by a temporary rebound when unemployed households
receive temporary LWA supplements in September. Spending then remains depressed until the $300
supplements begin in January 2021. These supplements lead to a median replacement rate of 100%
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relative to employed households (Gruber 1997), but during the period of $600 supplements, these
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the $600 supplement is in place. When the supplement ends at the end of July, there is then an
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(Ganong et al., 2022)



Micro Effect of UI Benefit
■ What is the micro consequence of UI benefit expansion? 

• micro: individual worker’s response to an increase in UI 
• macro: economy-wide response to an increase in UI 

■ Let us go back to McCall’s model, where we hold  and  fixed 

■ How does the increase in UI benefit affect the  rate? 
 
 
 

■ How large was it?

f G(w)

UE ≡ f(1 − G(wR))

29

dUE
d ln b

= − fG′ (wR)wR d ln wR

d ln b
< 0



Identification Stragety
■ Suppose a worker ’s UI is  in a normal time. 

■ Adding $600/$300 result in differential proportional increase in UI:

i b̄i

30

Figure 4: Effect of Expanded Benefits: Event Study
(a) Expiration of $600
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Notes: This figure shows the exit rate to new jobs around the expiration of the $600 weekly supplement and the
onset of the $300 weekly supplement in the JPMCI data. The light blue line shows workers with a lower-than-median
replacement rate with the supplement and the dark blue line shows workers with a higher-than-median replacement
rate with the supplement. Exit rates are normalized by the average exit rate during the period before the policy change
(June and July for the expiration of the $600 and November and December for the onset of the $300). Panel (b) omits
a mechanical surge in exits on January 3 and 10 arising from the lapse in expanded UI eligibility. Figures A-17a and
A-17b show the same figure but without a normalization in the pre-period. Figures A-17c and A-17d show that the
same patterns hold when we look at the total job-finding rate (which includes both new job-finding and recalls).

Second, we assume that the causal effect of replacement rates on job-finding is homogeneous in the
treatment group and control group. This assumption implies that raising a low-wage worker’s replace-
ment rate will have the same absolute effect on job-finding as raising a high-wage worker’s replacement
rate by the same absolute amount, thereby implying a linear relationship between replacement rates
and exit rates. De Chaisemartin and D’Haultfœuille (2018) show that this assumption is necessary
for identification in dose-response designs. However, as we discuss above, the apparent linearity of the
effect of benefit changes on the job-finding rate is consistent with a homogeneous treatment effect.

Third, we assume that jobseekers did not anticipate the changes in supplements. We discuss two
tests which validate this assumption in Section 5.3.1.
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rate with the supplement. Exit rates are normalized by the average exit rate during the period before the policy change
(June and July for the expiration of the $600 and November and December for the onset of the $300). Panel (b) omits
a mechanical surge in exits on January 3 and 10 arising from the lapse in expanded UI eligibility. Figures A-17a and
A-17b show the same figure but without a normalization in the pre-period. Figures A-17c and A-17d show that the
same patterns hold when we look at the total job-finding rate (which includes both new job-finding and recalls).

Second, we assume that the causal effect of replacement rates on job-finding is homogeneous in the
treatment group and control group. This assumption implies that raising a low-wage worker’s replace-
ment rate will have the same absolute effect on job-finding as raising a high-wage worker’s replacement
rate by the same absolute amount, thereby implying a linear relationship between replacement rates
and exit rates. De Chaisemartin and D’Haultfœuille (2018) show that this assumption is necessary
for identification in dose-response designs. However, as we discuss above, the apparent linearity of the
effect of benefit changes on the job-finding rate is consistent with a homogeneous treatment effect.

Third, we assume that jobseekers did not anticipate the changes in supplements. We discuss two
tests which validate this assumption in Section 5.3.1.
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b̄i + $600(or $300)
b̄i



Small Micro Effects

■ Result:  

■ 1% increase in UI benefit decreases the job-finding rate by 0.02 percentage points 

■ $600 UI Benefit expansion decreased employment by 0.6% — small effect

dUE
d ln b

≈ − 0.02

31

Figure 5: Effect of Expanded Benefits: Difference-in-Difference Binscatter
(a) Expiration of $600
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Notes: This figure shows the change in the new job-finding rate at the expiration and onset of benefit supplements
separately for deciles of the change in benefits as measured using equation (3). The top panel shows the difference in
the average new job-finding rate between Jun 1-Jul 31 and Aug 1-Sep 31. The bottom panel shows the difference in
the average new job-finding rate between Nov 1-Dec 31 and Jan 15-Mar 15. The slope estimates correspond to the β̂
coefficients reported in Table A-3.

The key coefficient of interest in equation (4) is β̂, which captures how the job-finding rate changes
for more-treated vs less-treated workers. Table A-3 shows that at expiration, we estimate β̂ = −0.017
and at onset, we find a similar coefficient of β̂ = −0.020. These effects are precisely estimated with a
standard error of 0.001 with standard errors clustered at the household level.

4.2.3 Robustness of Difference-in-Difference Estimates

We conduct three tests to validate these estimates. First, we estimate a version of equation (4) by
week:

eit = γPctChangei + αWeekt + βtWeekt × PctChangei + εit (5)
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Notes: This figure shows the change in the new job-finding rate at the expiration and onset of benefit supplements
separately for deciles of the change in benefits as measured using equation (3). The top panel shows the difference in
the average new job-finding rate between Jun 1-Jul 31 and Aug 1-Sep 31. The bottom panel shows the difference in
the average new job-finding rate between Nov 1-Dec 31 and Jan 15-Mar 15. The slope estimates correspond to the β̂
coefficients reported in Table A-3.

The key coefficient of interest in equation (4) is β̂, which captures how the job-finding rate changes
for more-treated vs less-treated workers. Table A-3 shows that at expiration, we estimate β̂ = −0.017
and at onset, we find a similar coefficient of β̂ = −0.020. These effects are precisely estimated with a
standard error of 0.001 with standard errors clustered at the household level.

4.2.3 Robustness of Difference-in-Difference Estimates

We conduct three tests to validate these estimates. First, we estimate a version of equation (4) by
week:

eit = γPctChangei + αWeekt + βtWeekt × PctChangei + εit (5)
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Macro Effect
■ Does the previous result imply the macro impact of UI expansion is small as well? 

• At the macro level,  changes 

■ Not necessarily. Now consider McCall + DMP with exogenous  
 
 
 

■ How large is the macro effect? — Much harder question to answer empirically 

■ Suppose we run time-series regression: 
 
What are the problems?

f

(b, c)
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dUE
d ln b

= −f(θ)G′ (wR)wR d ln wR

d ln b

micro (-)

+ (1 − G(wR))f′ (θ)θ
d ln θ
d ln b

macro (-)

yt = α + β ln bt + ϵt



UI Benefit and Unemployment Rate
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Measurement Error Approach

■ The duration of UI benefits is determined through real-time estimates of unemp. rate 

■ Contain measurement errors with revision later on 

■ Measurement error plausibly orthogonal to underlying economic fundamentals

35
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TABLE I
APRIL 2013 EXAMPLE

Louisiana Wisconsin

Real-time data Unemployment rate (moving average) 5.9% 6.9%
duration of benefit extensions 14 weeks 28 weeks

Revised data Unemployment rate (moving average) 6.9% 6.9%
duration of benefit extensions 28 weeks 28 weeks

UI error −14 weeks 0 weeks

of 6.9%. According to the revised data, both states should have
qualified for the additional 14 weeks. We refer to the 14 weeks
that Louisiana did not receive as a “UI error.” This error reflects
mismeasurment of the economic fundamentals rather than differ-
ences in fundamentals between the states and therefore provides
variation to identify the effects of UI benefit extensions on state
aggregates. The actual unemployment rate (from the revised data
as of 2015) evolved very similarly following the UI error, declining
by roughly 0.2 percentage point between April and June 2013 in
both states. Our empirical exercise amounts to asking whether
this apparently limited influence of extending benefits on unem-
ployment generalizes to a larger sample.

We begin our analysis by discussing relevant institutional de-
tails of the UI system, the measurement of real-time and revised
state unemployment rates, and the UI errors that arise because
of differences between real-time and revised data. The Bureau
of Labor Statistics (BLS) constructs state unemployment rates
by combining a number of state-level data sources using a state-
space model. Revisions to state unemployment rates occur due to
revisions to the input data, the use of the full time series of avail-
able data in the state-space estimation at the time of the revision,
and the introduction of technical improvements in the statistical
model itself. Of these, the technical improvements account for the
largest share of the variation in the measurement error in the
unemployment rate. The unemployment rate measurement error
gives rise to more than 600 state-month cases between 1996 and
2015 in which, as in the example of Louisiana and Wisconsin in
April 2013, the duration of benefits using the revised data differs
from the actual duration of benefits. Almost all of these UI errors
occur during the Great Recession. This concentration reflects
the additional tiers of benefits duration created by the 2008
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FIGURE I

Extended Benefits and Unemployment in Vermont

The figure plots the actual duration of benefits T ∗
s,t and the duration based

on the revised data Ts,t (left axis) together with the real-time u∗
s,t and revised

unemployment rates us,t (right axis).

We use the EB program in the state of Vermont to illustrate
the two components. Figure I plots four lines. The solid step func-
tion in light gray shows the additional weeks of benefits avail-
able to eligible unemployed in Vermont in each calendar week,
T ∗

VT,t. This series depends on the most recently reported three-
month moving-average real-time unemployment rate, plotted by
the dashed light gray line. The dashed step function in dark gray
shows TVT,t, the additional weeks of benefits that would have been
available in Vermont using the revised unemployment rate series
plotted by the dashed dark gray line.

Vermont extended its benefits by 13 weeks in the beginning
of 2009. Because the real-time and the revised unemployment
rates move closely together in this period, Vermont would
have triggered a benefits extension using either the real-time
or the revised data as an input in the trigger formula. The
unemployment rate peaks at the end of 2009. As the

that the remaining discrepancies also reflect mistakes in the trigger notices. A
number of previous papers have relied on information contained in the trigger
notices (Rothstein 2011; HMM and HKMM; Marinescu 2017). Our investigation
reveals that while small in number, uncorrected mistakes in the trigger notices
could induce some attenuation bias.
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FIGURE IV

Impulse Response of Fraction Receiving UI

The figure plots the coefficients on ϵs,t from the regression φs,t+h = β(h)ϵs,t +∑12
j=1 γ j (h)us,t− j + ds(h) + dt(h) + νs,t+h. In the left panel, φs,t+h includes UI recip-

ients in all tiers. The right panel plots separate impulse response functions for
UI recipients in tiers with a UI error (solid dark gray line) and in tiers without
a UI error (dashed light gray line). In the right panel, the sample starts in 2008.
The dashed lines denote the 90% confidence interval based on two-way clustered
standard errors.

bargain with unemployed who have a higher opportunity cost
of working. The result is higher wages and lower firm profits
from hiring, discouraging vacancy creation (HKMM). However,
Figure III shows that vacancies are unresponsive to a UI error in-
novation. The dashed line plotted at −0.045 denotes the response
of log vacancies in the version of the DMP model in Section VI
parameterized such that the extension of benefits from 6 to 20
months caused unemployment in the Great Recession to remain
persistently high.

Figure IV demonstrates that the absence of a response of un-
employment and vacancies occurs despite a higher fraction of the
unemployed receiving UI benefits following a UI error innovation.
The left panel shows that upon impact, the fraction of unemployed
receiving UI benefits increases by 0.5 percentage point. The frac-
tion remains high for the next two months and then declines to
zero. This response is reasonable. The innovations in the UI error
take place when benefits have, on average, already been extended
for roughly 11 months. Using CPS data we estimate that between
0.5% and 1% of unemployed workers would be affected by such
an extension, implying a take-up rate in the range of estimates
documented by Blank and Card (1991). The right panel of
Figure IV splits the increase in UI receipt into recipients on tiers
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Model: UI increases u by
3.1 p.p. in Great Recession
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FIGURE III

Impulse Responses of Unemployment Rate and Log Vacancies

The figure plots the coefficients on ϵs,t from the regression ys,t+h = β(h)ϵs,t +∑12
j=1 γ j (h)us,t− j + ds(h) + dt(h) + νs,t+h, where ys,t+h = us,t+h is the unemployment

rate (left panel) or ys,t+h = log vs,t+h is log vacancies (right panel). The dashed lines
denote the 90% confidence interval based on two-way clustered standard errors.

left-hand-side variable is the (revised) unemployment rate. The
unemployment rate barely responds to the increase in the dura-
tion of benefits. The point estimate for the response is essentially
zero. The upper bound is roughly 0.02 percentage point. The data
do not reject a zero response of the unemployment rate at any
horizon.24

To give a sense of the small magnitude of the responses, in
the same figure we plot a dashed line at roughly 0.14 percentage
point. This is the response generated by a version of the standard
DMP model discussed in Section VI and parameterized in a
way that rationalizes a persistent increase of 3.1 percentage
points in unemployment caused by the extension of benefits from
6 to 20 months in the Great Recession. Our baseline point
estimate is more than six standard errors below this level.

The right panel of Figure III reports the response of vacancy
creation. The macroeconomic effect of benefit extensions on un-
employment may exceed the microeconomic effect because of a
general equilibrium mechanism intermediated by vacancies. The
mechanism posits that following the extension of benefits, firms

24. Clustering at the quarter and state level instead of the month and state
level yields almost identical confidence bands to those shown in Figure III. For
example, the standard error of the unemployment rate response at the one-month
horizon would increase from 0.009 to 0.010 and the standard error at the four-
month horizon is identical up to three decimal places.
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Unemployment Rate Vacancies

yt+h − yt−1 = βh × (UI Benefit Increase from Measurement Error) + γ′ Xt,h + ϵt,h


