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Declining Entry and Exit Rates
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Firms are Getting Older
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Firms are Getting Larger
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Conditional on Age, Firm Size Remains Stable
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Conditional on Age, Exit Rates Remain Stable
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Empirical Facts

1. Entry rates have been declining, and consequently, firms are getting older 

2. The firm’s life-cycle dynamics (conditional on age) have little changed 

Why?
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Falling Labor Supply Growth
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Fall in Labor Supply  Decline in Entry⇒

■ If labor supply falls, labor demand needs to fall in equilibrium 
• In Hopenhayn-Rogerson, wages do not rise 
• Then what adjusts? — Entry

9
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Hopenhayn-Rogerson  
with Labor Supply Growth
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Households

■ Households solve  
 
 
 
 
 

: population growth rate 

■ This is the only modification to the previous model

ηt ≥ 0
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max
{Ct}

∫ ∞
0

e−rtCtLtdt

s.t. CtLt = wtLt+ ∫ π(z; w)g(z)dz − mtce

∂tLt = ηtLt



HJB Block

■ HJB block remains completely unchanged 
 
 
 
 
 

■ Consequently, real wage is a constant despite labor supply growth
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min {rv(z) − π(z; w) − μ(z)v′ (z) −
1
2

σ(z)2v′ ′ (z), v(z) − v} = 0

∫ v(z)ψ(z)dz = ce

v(z) = v



KFE Block
■ The distribution satisfies 

 
 
 

■ Conjecture  and  are stationary so thatg̃(z) = gt(z)/Lt m̃ = mt /Lt
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∂tgt(z) = − ∂z[μ(z)gt(z)] +
1
2

∂2
zz [σ(z)2gt(z)] + mtψ(z) for z > z

∫ n(z; w)gt(z)dz = Lt

1
Lt

∂tgt(z) = − ∂z[μ(z)g̃t(z)] +
1
2

∂2
zz [σ(z)2g̃t(z)] + m̃ψ(z) for z > z

1
Lt

∂tgt(z) −
gt(z)
Lt

∂tLt

Lt

= ∂tg̃t(z)

+
gt(z)
Lt

∂tLt

Lt
= ∂tg̃t(z) + g̃t(z)ηt



Normalized Distribution

■ This does not involve non-stationary variable, 
 confirming our conjecture that  and  are stationary⇒ g̃(z) m̃
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∂tg̃t(z) = − ηtg̃t(z) − ∂z[μ(z)g̃t(z)] +
1
2

∂2
zz [σ(z)2g̃t(z)] + m̃tψ(z) for z > z

∫ n(z; w)g̃t(z)dz = 1



Comparative Statics Across Steady State
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Demographic Origins of Startup Deficits
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No Changes in Firm Life Cycle
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Alternative Explanation: Changes in Entry Cost, ce
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Alternative Explanation: Changes in Fixed Cost, cf
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Alternative Explanation: Changes in Real Rate, r

20



Original Results

21
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the 2.9 percentage point decline in the start-up rate,   c f    would have to decline by 55.7 
percent; an increase would induce more exit among incumbents and thus increase the 
start-up rate through its replacement component. The required decline in operating 
costs over time stands in contrast to evidence of increasing regulatory costs of run-
ning a business in the United States (Davis and Haltiwanger 2014). Moreover, the 
implied changes in the other margins are well out of line with their data counter-
parts. For example, overall average firm size declines by 10.7 employees, whereas it 
increases by 2.0 employees in the data.

To sum up,  cost-based channels are feasible explanations for the decline in firm 
entry, but they face challenges when matching other margins. As a point of compar-
ison, the last column of Table 4 applies the same procedure to labor supply growth. 
Matching the 2.9 percentage point decline in the start-up rate requires a 2.2 percent-
age point decline in  η , and the implications for the other margins are much closer 
to the data. We now quantify this channel using the model’s transitional dynamics.

E. Effects of Demographics over  1979–2007 Period

Over the  1979–2007 period, demographics explain between roughly one-third 
and one-half of the 2.9 percentage point decline in the start-up rate. To reach this 
conclusion, we examine the transition path of the start-up rate over this period con-
sistent with the observed path of labor supply growth. While the preceding com-
parative statics illustrate the  long-run effects of a shift in labor supply growth, it is 
difficult to argue that either of the early or late periods in the data corresponds to 
a balanced growth path. Analyzing the model off its balanced growth path requires 
characterizing the  nonstationary equilibrium, and we provide the details in online 
Appendix B.1.

Using the  nonstationary model, we compare the  1979–1981 and  2005–2007 peri-
ods along the transition path resulting from the following experiment. We assume 
the economy in 1948 is on a balanced growth path corresponding to a constant  

Table 4—Examining Alternative Channels for Decline in Start-up Rate

Potential channels

Actual 
change

Entry 
cost,   c e   

Operating 
cost,   c f   

Labor supply 
growth,  η 

Panel A. Explaining the  long-run decline in the start-up rate
Required parameter change — 122.6% −55.7% −2.1(pp)
Panel B. Implied change in each margin
Start-up rate (pp) −2.9 −2.9 −2.9 −2.9
 Economy-wide exit rate (pp) −0.8 −3.0 −3.0 −1.0
Average firm size (emp) 2.0 6.4 −10.7 3.7
Start-up size (emp) 0.1 3.3 −3.4 0.0
Young small exit rate (pp) −0.1 −3.2 −3.6 0.0
Young small growth rate (pp) 0.5 −0.4 −0.8 0.0

Notes: Required change in each parameter relative to baseline calibration with  η = 2.2  per-
cent to reduce the start-up rate by 2.9 percentage points (pp). Implied changes compares new 
model moments relative to their baseline values. Young small refers to age three firms with 
 1–50 employees as in Figure 6.

Source: Karahan-Pugsley-Sahin (2024)



Conjecture

■ If you prove the above conjecture, I will count it as a final project 

■ Another thought: Is there a restriction that leads to entry & exit rates ?ce, cf ↑ ↑

22

Conjecture 

Suppose the following two holds. 

(i) The productivity distribution of entrants follows Pareto 

(ii) The productivity process is given by geometric Brownian motion 

Then, entry and exit rates in the steady state are invariant to changes in any 
parameter that only enters into HJB-VI



Transition Dynamics
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How Fast is the Transition?

■ Comparing across steady states is potentially misleading 

■ What if it takes a thousand years to reach from one steady state to another? 

■ To address this issue, we would like to simulate the transition dynamics 

■ How do we do that? 

24



Block Recursive Property, Again
■ In Hopenhayn-Rogerson, this is extremely easy 

■ Recall that the HJB block is independent of the KFE block: 
 
 
 
 
 

•  absent  there is no need to solve the HJB block along the transition 
• More generally, the HJB block can be solved without solving for the KFE block 
• Again, this is “block recursive property” (see Kaas (2023) for a general treatment)

ηt ⇒

25

min {rv(z) − π(z; w) − μ(z)v′ (z) −
1
2

σ(z)2v′ ′ (z), v(z) − v} = 0

∫ v(z)ψ(z)dz = ce

v(z) = v



Solving the Transition of KFE Block
■ The only part we need to simulate is the KFE block: 

 
 
 

■ Starting from , we can simulate any  

■ We already know how to do this!

{g̃0(z)} {g̃t(z)}t≥0
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∂tg̃t(z) = − ηtg̃t(z) − ∂z[μ(z)g̃t(z)] +
1
2

∂2
zz [σ(z)2g̃t(z)] + m̃tψ(z) for z > z

∫ n(z; w)g̃t(z)dz = 1

g̃t − g̃t−Δt

Δt
= ÃT

t g̃t + ψ̃

⇔ g̃t = [I − Δt × ÃT
t ]

−1
[g̃t−Δt + Δt × ψ̃]



Transition Dynamics
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Empirical Support for 
“Demographic Origin of Startup Deficits” 
in the Cross-Section
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From Time-Series to Cross-Section

■ Demographic origins of startup deficit: 

Labor supply growth    entry rates  

■ Evaluate the mechanism in the cross-section across U.S. states

↓ ⇒ ↓

29



Startup Rates & Labor Supply Growth in the Cross-Section

30

4 Evaluating the mechanism across U.S. states

In this section, we confront the implications of our model with rich cross-sectional
data. The model has a definitive long-run empirical implication: an economy with a
higher labor supply growth rate should exhibit a higher startup rate than an econ-
omy with lower labor supply growth everything else being equal. As a starting point,
Figure 7 shows that U.S. states which experienced a higher average working-age pop-
ulation growth rate also had a higher startup rate over 1979-2007. The relationship
between the two is remarkably strong: a one percentage point higher WAP growth
rate is associated with 1.6 percentage point higher startup rate.27
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Figure 7: Average WAP growth and startup rates for U.S. states over 1979–2007.

This observation admittedly only establishes a simple correlation in the cross-
state data and does not directly lend itself to a causal interpretation. The empirical
challenge of testing the long-run prediction directly is to identify differences in labor
supply growth that are together exogenous and permanent. To overcome this chal-
lenge, we note that even in the short run our model still predicts that the startup
rate is responsive to shifts in labor supply growth.28

We focus on year-over-year changes in startup rates and labor supply across
U.S. states. This strategy provides richer variation by using idiosyncratic changes

27We find the same slope using the 1979–2007 average CLF growth rate (Figure C.17). For brevity,
we present CLF results, which are very similar, in Appendix C.3.2.

28Figure B.6 in Appendix B.7 examines the IRF of the startup rate to a one percentage point
labor supply growth rate shock.
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Empirical Speficification

■ : startup rate in state  in year  

■ : labor supply growth rate 

■ : state- and year- fixed effects 

■ OLS estimates of  can be biased:  
• A positive TFP shock can bring both new firms and new workers 

  

■ Need an IV that is (i) correlated with ; (ii) uncorrelated with 

SRst s t

gst

αs, γt

β

⇒ 𝔼[gstϵst] ≠ 0

gst ϵst

31

SRst = βgst + αs + γt + δ′ Xst + ϵst



Two Instruments
1. Lagged fertility instrument: 

 

• Fertility rate 20 years ago is a strong predictor of labor supply growth 
• Exclusion restriction:  

Higher fertility 20 years ago affects firm creation only through labor supply 

2. Migration instrument: 

• : share of residents in state  born in state  measured 10 years ago 
• Labor supply growth predicted by “push” factors and historical migration patterns

ωk
s,t−10 s k

32

IV1,st = Fertilitys,t−20

IV2,st = ∑k≠s ωk
s,t−10 × gkt



Startup Rate and Labor Supply Growth

33

Table 6: Regression of startup rate on working-age population growth

(1) (2) (3) (4) (5) (6) (7) (8)

First Stage OLS IV1 IV2 IV1&IV2 Model

WAP Growth (%) 0.61 1.09 1.27 1.19 1.10
(0.05) (0.32) (0.22) (0.22) (0.00)

Birthrate IV 1.36 1.11
(0.24) (0.24)

Migration IV 1.04 0.87
(0.30) (0.28)

N 1,421 1,421 1,421 1,421 1,421 1,421 1,421 1,421
R2 0.64 0.64 0.65 0.90 0.87 0.85 0.86 0.90
F -test 32.63 11.82 17.46
p-value of J test 0.55

Note: Standard errors are clustered on state. Regressions contain state and year fixed effects and
cover years 1979-2007 and 48 contiguous states plus D.C. Column (8) is OLS regression with state and
period fixed effects on simulated panel of 49 states and 29 periods (Appendix B.8); results averaged
over 100 simulated panels; standard error (0.0037) is standard deviation of estimates across panels.

4.2 Labor supply growth and the startup rate

We now estimate (10) on pooled state-level data for the period of 1979-2007 to evalu-
ate the effect of changes in labor supply growth on the startup rate. Our benchmark
estimates use the growth rate of the working-age population as a proxy for labor sup-
ply growth, but they are robust to the alternative civilian labor force growth measure
(Appendix C.3.2). All specifications include state and year fixed effects. Where pos-
sible, we utilize the publicly-available data from the BDS to facilitate replication; we
turn to the confidential micro data from the LBD only to include detailed industry
controls. Throughout, standard errors are clustered by state.

Table 6 presents the results. The OLS estimate (Column 4) shows that a one
percentage point increase in labor supply growth is associated with a 0.61 percentage
point increase in the startup rate. Column (5) of Table 6 presents the results using
the fertility instrument. According to this estimate, a one percentage point reduction
in the working-age population growth rate leads to a 1.09 percentage point decline in
the startup rate. Using the migration instrument in column (6), we find an elasticity
of 1.27. When combined with the fertility IV, the elasticity is 1.19. Incorporating
two instruments also permits a J test of over-identifying restrictions, which we would
fail to reject at any level below 0.55. Given the similarity of the estimates, we take

33



Empirical Support for 
“Demographic Origin of Startup Deficits” 
in the Time-Series
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Labor Supply Growth Prior to 1980
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Figure 10: Measures of labor supply growth and historical entry rate
Note: Establishment entry rate is imputed from the CBP using equation (13). Trend components
from HP filtered series with a smoothing parameter of 6.25, consistent with Ravn and Uhlig (2002)
for annual data.

Collectively, the time series evidence strongly supports the labor supply growth
mechanism. To see this most clearly, in Figure 10 we apply an HP filter to the annual
data for both measures of labor supply growth and the imputed establishment startup
rate and plot the trend components. Here, the comovement of the entry rate with
the measures of labor supply growth is clear. The decline in entry is a reversal of its
earlier increases, mirroring the hump-shaped patterns for labor supply growth.

6 Conclusion

The startup rate has been trending down since the series begins in the late 1970s,
raising some alarm over the decline in U.S. entrepreneurship. In this paper, we identify
declines in the growth rate of the labor supply–long preordained by demographics–
as the leading cause the startup rate’s decline, explaining between roughly 1/3 and
60 percent of the decline, depending on the measure of labor supply growth. In
fact, the underlying equilibrium link between labor supply growth and the startup
rate, although previously unexamined, is an inherent feature of standard models
of firm dynamics. The explanation fits the data remarkably well, as we show in
three independent ways: (i) quantitatively, examining the transitional dynamics of

43



Imputing Historical Entry Rates
■ How do the entry rates look like before 1980? 

■ There is no direct measure 

■ However, County Business Patterns record the number of establishments since 1965 

■ The flow-stock equation is (in discrete time) 
 

• : # of establishments  
• : establishment entry rates (unobserved) 
• : establishment exit rates   predict using 1980-2007 data

et
st
xt ⇒

36

et = (1 − xt)et−1 + st



Imputed Entry Rates

37

The imputed establishment entry rate increases throughout the period of increas-
ing labor supply growth. Although the annual data are noisy, a linear trend estimated
from 1965 to 1979 shows a significant upward trend in the entry rate over the exact
period of increases in our two measures of labor supply growth. This is exactly the
time-series prediction of our mechanism where shifts in the growth rate of labor supply
are accommodated primarily along the firm entry margin. Moreover, for the period
in which they overlap, the imputed startup rate tracks on average the path of the
BDS establishment startup rate reasonably well. Linear trends estimated over the
overlapping 1979-2007 period for both series are very close.

.1
.1

1
.1

2
.1

3
.1

4
.1

5
.1

6
E

st
a

b
lis

h
m

e
n

t 
e

n
tr

y 
ra

te

1965 1970 1975 1980 1985 1990 1995 2000 2005

 Actual

 CBP imputation

Figure 9: Imputed historical establishment entry rates and the BDS entry rate.
Note: Actual establishment entry rate measured in the BDS. CBP establishment startup rate im-
puted using equation (13) and interpolated across dropped years 1974 and 1983.

The hump shaped pattern in the imputed establishment entry rate is also robust
to alternative assumptions on the path of establishment exit. Our baseline imputation
holds the exit rate by size and state constant before 1979. The hump shape persists
whether we use a constant average exit rate by size or even extrapolate the downward
trend to the pre-1980 period (Appendix C.4). The trend controls for the gradual
declines in exit rate within size-group from changes in age composition induced by
changes the declines in entry. If anything, a higher establishment entry rate over the
earlier period would increase average exit from the same age composition channel. If
we were instead to extrapolate exit over the earlier period by reversing the sign on
the trend term, the hump shaped pattern would be even more pronounced.
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Taking Stock

■ Over the past 40 years,  
1. Entry rates have been declining 
2. Firm life-cycle dynamics have little changed 

■ Evaluate the demographic origins of startup deficit through 
1. structural model of firm dynamics 
2. cross-section 
3. time-series

38



Appendix A: Transition Dynamics  
from Interest Rate Shock
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Changes in Interest Rate

■ Changes in population growth  only shows up in KFE block 

■ This is why we didn’t need to resolve HJB block 

■ What if we consider a shock that enters into HJB block such as ?

{ηt}

{rt}

40



HJB Block with Time-Varying Interest Rates

■ Again, HJB block alone pins down the path of equilibrium wages  

■ How do we solve time-dependent HJB-VI?

{wt}

41

min {rtv(z) − π(z; wt) − μ(z)v′ t(z) −
1
2

σ(z)2v′ ′ t (z) − ∂tvt(z), vt(z) − v} = 0

∫ vt(z)ψ(z)dz = ce

vt(zt) = v



Moving HJB-VI Backward in Time
■ We first assume that, at , the economy is in the steady state,  

■ We use forward approximation to approximate the time derivative: 
 
 

• Can use backward approximation but requires small  

■ In a matrix form,  
 

t = T vT = v(z)

Δt

42

∂tvt(z) ≈
vt+Δt(z) − vt(z)

Δt

min {[rtI − A]vt − πt(wt) −
vt+Δ − vt

Δt
, vt − v1} = 0



Computational Algorithm

■ For  

• Given , guess  
- Solve (HJB-VI) to obtain  using Howard’s algorithm 
- Check (Free-entry) 
‣ If  , break  
‣ If  , raise   
‣ If  , lower 

t = T − Δt, T − 2Δt, …,0

vt+Δt wt

vt

| (vt ⋅ ψ) × Δz − ce | < tol
(vt ⋅ ψ) × Δz − ce > 0 wt

(vt ⋅ ψ) × Δz − ce < 0 wt

43

min {[rtI − A]vt − πt(wt) −
vt+Δ − vt

Δt
, vt − v1} = 0

(vt ⋅ ψ) × Δz = ce

(HJB-VI)

(Free-entry)



Appendix B: Joint Distribution of  
Productivity and Age
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Two-Dimensional KFE
■ Let  be the density of the joint distribution of  

■ The KFE is given by 
 
 
 
which follows from the fact that 
 
 
(firms age by  within a time interval )

gt(z, a) (z, a)

dt dt
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∂tgt(z, a) = − ∂z[μ(z)gt(z, a)] − ∂a[gt(z, a)] +
1
2

∂2
zz [σ(z)2gt(z)] + mtψ(z,0) for z > z

da = dt



Exit Rate by Age
■ The exit rate by age is given by

46

1
gt(a)

gt−dt(a − dt) − gt(a)
dt

=
1

Ltg̃(a)
Lt−dtg̃(a − dt) − Ltg̃(a)

dt

=
1

Ltg̃(a)
Lt−dtg̃(a − dt) − Lt−dtg̃(a) + Lt−dtg̃(a) − Ltg̃(a)

dt

=
1

Ltg̃(a) (−Lt∂ag̃(a) − ηLtg̃(a))

= − η −
∂ag̃(a)
g̃(a)


