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Abstract

In this paper we develop a stationary search model which we describe by the acronym
FUSE, which includes: (F)irms, (U)nattached individuals, the (S)elf-employed, and
(E)mployees. An unattached individual may meet an existing firm and accept employ-
ment there or may receive a business idea. Acceptable business ideas can result in
self-employment or the opening of a firm. The model also produces a steady state firm
size distribution. With standard parametric assumptions on the quality of business
ideas distribution and the matching distribution describing worker productivity at a
given firm, the model produces implications broadly consistent with the distribution
of firm sizes and the wage distributions of self-employed and dependent workers. The
model yields interesting implications regarding the impact of start-up cost and mini-
mum wages on labor market outcomes, which are analyzed using estimated parameter
values. Large minimum wage increases can lead to decreases in the number of firms
and dependent workers and increases in the numbers of the self-employed.
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York University. We are thankful for constructive comments by participants at the 2023 BSE Summer
Structural Microeconomics workshop and the Duke Conference on Structural Microeconomics in Fall 2025.
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1 Introduction

Virtually all partial or general equilibrium analyses of the labor market begin with as-
sumptions regarding the populations of existing or potential firms on the demand side and
existing or potential workers on the supply side. These groups of agents are assumed to
be an exogenously-determined partition of the set of all agents inhabiting the economy
(which could also include a social planner, a distinct type of agent not directly connected
with firms or workers). There is literature on the choice to become an entrepreneur or self-
employed individual rather than a dependent worker, but this literature typically models
these decisions in an occupational-choice setting and tends to focus on differences between
the set of self-employed and entrepreneurs and the set of dependent workers in terms of
skills, attitudes toward risk, and access to start-up funding (e.g., [8], [2], and [3]).

We build a model in which the sets of entrepreneurs, self-employed, and dependent
workers are determined endogenously. We utilize a reasonably standard stationary search
framework for the analysis, expanded to include the possibility of a searcher receiving
a business idea, which may result in a business start-up of either of two types. Thus,
unattached searchers may receive a business idea or contact an existing firm. The relative
likelihood of these two events is determined in equilibrium by the measure of firms and the
measure of unattached individuals. As is usually the case in search models, we assume that
all agents are risk-neutral, so differences in attitudes toward risk play no part in deciding
to start a firm or become a dependent worker. Moreover, we allow for no permanent
differences between agents so that time-invariant abilities are not a factor in the decision
to begin a business. Rather, all outcomes are determined by match-specific heterogeneity.

We have a number of objectives in this research, all of which are related to policy
analysis, even if the policies we can consider in a stylized model are inherently limited.
Two of the policies we are interested in involve start-up costs of businesses and minimum
wages. In the case of minimum wages, the general equilibrium random search framework in
which firms decide on the number of job vacancies has been used to examine the impact of
minimum wages.! In our framework, we go beyond the assumption of predetermined and
fixed sets of potential workers and firms. Although the total measure of agents in the labor
market remains constant, in our model, minimum wages can influence the distribution of
agents across four distinct states: (1) firm owner, (2) self-employed, (3) dependent worker,
and (4) unattached. Minimum wages have the potential to increase the measure of the self-
employed, for example, if viable matches as dependent workers are sufficiently reduced due
to a high minimum wage. Standard measures of unemployment (or even ”employment”)
would not sufficiently capture the impacts of minimum wages on labor market outcomes,
broadly considered.

!See [5], in which minimum wage policy is examined in a search framework in both partial and general
equilibrium. In the partial equilibrium case, the wage distribution is determined within the model, but the
contact rate between workers and firms is predetermined. In general equilibrium, both wage and contact
rates are endogenously determined.



Based on our estimated parameters, we observe that higher minimum wage policies have
significant effects on the labor market. These policies lead to a decrease in the number of
firms and dependent workers, while increasing the shares of self-employed individuals and
unattached individuals. The imposition of minimum wage also results in a concentration
of high-quality firms in the market, creating a situation akin to the ”cream de la cream” of
firms. These findings are consistent with previous research by [9], who found that increases
in the minimum wage tend to drive low-rated restaurants on Yelp to exit the market.
In terms of the simple social welfare function we consider, our analysis reveals that the
minimum wage initially leads to an increase in average welfare. This can be attributed to
the spikes in the value of firm ownership, driven by the presence of high-quality firms, as
well as the value of employment. However, as the minimum wage increases further, the
welfare gains diminish and eventually decline. When we further fix the firm quality while
increasing the minimum wage, we find that the peak of average welfare is reached at lower
values.

In the case of start-up costs, we consider how labor market outcomes are impacted. We
examine policies that manipulate potential costs or subsidies associated with the one-time
costs of starting a firm. This cost, R, is assumed to be paid by all individuals starting
a firm, where a firm consists of an individual owner with business idea value w who has
the ability to hire workers. A self-employed individual does not incur the cost of starting
a business, which may involve only using space in their home, but forgoes the possibility
of hiring employees. The cost R influences the distribution of firm quality that exists in
the labor market. For example, the cost of opening a business may be decreased through
subsidies. Ceteris paribus, would increase the number of firms but decrease the overall
quality of firms. Conversely, implementing costs on starting a firm will increase the quality
of the business ideas that are present in the economy but decrease the measure of firms.
The key point in all this is that R has essential effects on the overall efficiency of the labor
market since the private return to starting a firm generally differs from the social return,
representing the broader societal benefits of establishing a new business. We analyze the
impact of these policies on the nature of labor market equilibrium and social welfare.
Increasing start-up costs in our model result in a decrease in the shares of firm owners and
dependent workers, accompanied by an increase in the proportions of self-employed and
unattached individuals. This change in the labor market composition is associated with
gains in social welfare, primarily driven by the selection of higher-quality firms. However,
the welfare of the group of unattached begins to decline earlier than that of social welfare
and other states.

Our framework endogenizes the distribution of firms by explicitly modeling business
start-ups. [6] consider a model in which individuals are characterized by their potential
ability to manage workers as an entrepreneur, with those more able to manage many work-
ers selecting into ownership roles. However, their model does not include self-employment
and considers all individuals to have equal productivity as dependent workers. [7] develop a
model in which agents can occupy the states of unemployment, self-employment, and wage



employment. In their model, the state of self-employment includes both cases in which a
firm has no employees and those in which it has some employees, whereas we emphasize
that individuals sort into “true” self-employment as opposed to firm ownership based on
the quality of a business idea and the fixed costs of opening a firm.? Neither of these
models is suitable for our empirical analysis since they do not allow for worker and firm
heterogeneity in productivity.

A model closer to ours is presented in [1], where workers can be in one of three broad
states: unemployment, paid employment, or self-employment. As in our framework, agents
are exposed to the possibility of having an innovative idea, and the quality of ideas is
heterogeneous. Differently from our setting, wages are not bargained, and the set of “large”
firms in the economy is considered to be exogenous, and all such firms are assumed to post
wages. Given the wage-setting assumptions, the analysis of minimum wage and start-up
costs impacts on labor market equilibrium would be markedly different from those we
derive below.

In this study, we utilize data from the Current Population Survey (CPS), including
both monthly survey data and the Annual Social and Economic Supplement (ASEC), along
with the Business Dynamics Statistics (BDS) data. Our analysis is based on the premise
that these data are generated from the steady state (SS) equilibrium of the FUSE model.
By employing explicit closed-form solutions for equilibrium outcomes, we can effectively
address identification issues and carefully examine the model’s parameters. We adopt a
sequential estimation approach, using moment-based techniques to estimate the model
parameters.

2 The FUSFE Model

There is a set of agents of measure 1, and any agent can be either a firm owner (F),
unattached (U), self-employed (5), or a dependent worker at a firm (i.e., employee) (E).
We consider a case in which all search activities occur while an individual is in the U
state. We also assume that there is no permanent individual-specific heterogeneity, with
all heterogeneity being match-specific, whether in terms of a business idea or a dependent
worker’s match with a given business idea.?

Individuals in state U search simultaneously for business ideas and positions as depen-
dent workers at an existing firm. Business ideas arrive to searchers at the exogenously-given
rate ¢ > 0.4 If the searcher has a business idea, the quality of the idea is given by the scalar
w, which is continuously distributed with cumulative distribution function (c.d.f.) H. Al-
ternatively, the searcher can encounter an existing firm at an endogenously-determined

2The quality of the business idea and the fixed costs of starting a firm drive the selection process in our
model. In Kuman and Schuetze, there are no significant start-up costs or differences in firm quality.

3This assumption is primarily made in order to simplify the exposition.

4In standard search models, ¢ = 0 and the unattached only search for jobs as dependent workers at
existing firms.



rate A. Upon meeting an existing firm with quality level w, the individual draws a match
quality value 6 from the continuous distribution G, which has support on the interval [0, 1].
The flow productivity of an individual with match value 6 at a firm of quality level w is

Y(w,0) = wh.

We have restricted the match value 6 to be no greater than 1 with the rationale that no
worker at a firm can work with a business idea any better than the individual who originally
had the idea.?

When a searcher receives a business idea of quality w, they decide whether or not to
start a business. Businesses are of two types. Self-employment (S) does not require the
payment of the start-up cost of R. However, this type of business is constrained in the
sense that self-employed business owners cannot hire employees. An illustrative example of
self-employment in this context is an individual who becomes a certified public accountant
(CPA) and directly offers tax services to individual clients. On the other hand, when an
individual decides to establish a firm in our model, they must pay the start-up cost of R.
We consider R to consist of expenses associated with the purchase of a factory or office suite
and capital equipment that future employees would use in the production process. Like
self-employed individuals, those who establish a firm start without employees. However,
the key distinction is that a firm has the ability to hire workers in the future, unlike a
self-employed individual.

The most straightforward case to analyze is that of self-employment. A business idea
w may be used to begin self-employment. In this case, the individual does not pay the
start-up cost R and immediately begins work that generates flow earnings of w. A self-
employment spell ends at the exogenous rate (g. Then the value of self-employment with
an idea of quality w is given by

w~+ sV
p+ds

Clearly, the value of this state is a linear function of the quality of the idea, w.

If the individual does start a firm after paying the fixed start-up cost of R,, the firm can
encounter potential employees at the endogenous rate §. Given an acceptable productivity
level, the worker and firm bargain over wages using a Nash bargaining protocol. The
flow value of the job to the worker is given by wage, w, and the flow profit to the firm
is y(w,0) — w. Workers leave jobs at an exogenous rate 7, due to geographic mobility
or other idiosyncratic factors, and this rate is independent of w and 6 at the current
employment match. Firms die at an exogenous rate (r, due to unanticipated changes in

Vs(w) = (1)

5The restriction that 8 < 1 is not required for the model to be well-defined and logically consistent. As
we see in our estimation section, the relationship between the implied wage distribution of the self-employed
and the wage distribution of dependent workers is such that the implied values of match heterogeneity are
“small”.



product demand, financial challenges, and other idiosyncratic factors. This death rate is
independent of the quality of the business idea as well as the productivity of the workers
at the firm. Upon the death of a firm, the firm owner and all current employees reenter
the unattached state U.

An existing firm with a business idea w and n employees has total flow output (revenue)
given by

(w301, ) = w(1+ > 0),
=1

where 6;, i = 1,...,n is the match productivity at the firm of worker i. When n = 0, the
firm’s revenue is w X 1 = w, the same as if they were self-employed, but their continuation
values will be different since they have the possibility of adding workers in the future.
Thus, a firm owner with no employees should not be considered self-employed since this
is a transitory state. When a firm owner has no employees, clearly no wage bargaining
occurs. When n > 0, the firm’s profits are given by

H(w; 01, ..., Qn) = w(l + i@z) — iwi.
=1 =1

Since all individuals are homogeneous ex-ante, we can denote the value of being in
the unattached state by Vi;. When a searcher meets a firm, the value of working at that
firm will be determined by # and w. Due to the structure of the production technology,
we assume pairwise Nash bargaining. This is the case since the productivity of any two
workers i and ¢’ at a firm of quality level w are given by wf; and w6/, so that the only
dependence in the productivities of ¢ and ¢’ is attributable to the common value of w that
they share as co-workers. Thus the productivities of ¢ and ¢’ are independent conditional
on w, which is reflected in all workers at the firm engaging in bilateral bargaining with the
firm owner.

There are no explicit vacancy costs in the model. Since there is a constant returns
to scale production technology, there are no opportunity costs associated with hiring an
employee; that is, hiring a given individual does not impact the value of any existing or
future hiring decision by the firm. This implies that when bargaining with an employee,
the outside option of the firm is zero, and the outside option of any unoccupied individual
is V. The Nash bargaining solution is given by

w+(n+Cp)Vu [ wxb—w |17
p+n+Cr VU] [p+77+CF]

= arg max,[w — pVs]%[w x 0 — w]'™%,

w(f;w) = argmaxy, [

where « is the bargaining power parameter of the worker and p is the discount rate common
to all individuals. The term 7+ represents the rate at which dependent workers lose their
jobs, with n being the rate at which the match ends due to their (exogenous) departure



and (g the rate at which the match ends due to the death of the firm.

In standard search models, it must be assumed that the discount rates of workers and
firms are equal to a common value of p; in our case, that follows naturally since over an
indefinitely long labor market career, the same individual will be both a firm owner and
an employee. If preferences are stable over the lifetime, it naturally follows that p must
be equal for firm owners and employees. Although the argument is not quite as strong,
we further assume that the symmetry between firm owners and employees over the life
cycle implies equal bargaining weights, so that a = 0.5, known as the symmetric Nash
bargaining case.’

The solution to the Nash bargaining problem is

w(f;w) = 0.50w + (1 — 0.5)pVy.

The wage that the worker earns is a function of both their idiosyncratic productivity
at the firm and the quality of the firm as measured by w. This implies that the value of
accepting a job as a dependent worker is

0.50w + 0.5V + (Cp + 1)V
Veliw) = p+Cr+n '

We use this expression to determine the job acceptance decision at a firm of type w. Clearly,
VE(0;w) is increasing in w and in 6, so that there exists a unique critical value 6*(w) such
that

(2)

Ve(0*(w);w) = V.
After some algebra, we have

0% (w) = %. (3)

Clearly, 0*(w) is decreasing in w, implying that firms with higher idea qualities have lower
productivity thresholds and are able to hire less productive workers.

2.1 Business Start-Ups

When an individual receives a business idea of quality w, the necessary condition to be
self-employed is Vs(w) > Vi7. In addition to becoming self-employed, they also have the
option to start a company of which she is the sole employee initially. Thus all firms begin
as a single “worker” who is the firm owner and who has flow productivity w. Denote the
value of this state by

Vi (w; 0),

5Tt is well-known that it is difficult to precisely estimate bargaining power no matter what the form of
the data available. This assumption of symmetry, suggested by the model’s structure, obviates the necessity
of confronting this difficulty in the estimation reported below.



where the null set () indicates that there are no employees. If the individual begins a firm
there is an additional start-up cost of R. Then the individual will establish the firm if

Vp(w; @) —R Z Vs.

We will now characterize the value of the firm and analyze the incorporation decision
formally.

Consider a firm w with n workers with match values of 61, ..., 6,. Given the expression
for the wage, the flow profit of the firm owner is

H(w; 01, ,Hn) = w(l + Z?:l 91) — {;w Z 0; + ngU)}
=1

= w{l + Z?:l <07, - %61 - %%)
=w{l+ 330, (0; — 0% (w))}.

Then the value of the firm of quality w with n workers with quality level 6;, 6; > %, 1=
1,...,n,

Vi(w; 01, ..., 0n) = (p+ Cp +nn + 0G (0% (w)) " {Il(w; 01, ..., ) + Cr Vi

+> Ve(w;0-5) + 6G (0% (w) E{Vi(w; 01, --r, Oy 1) [Ong1 > 0% (w)}},
=1

where Y, nVp(w;0_;) is the term that represents the rate of the (exogenous) loss of any
of the current n employees multiplied by the value of the firm after the loss, with 6_;
representing the set of match values after deleting the match value associated with the "
employee. At rate J, the firm meets a new potential employee with a match draw 9~n+1,
and this individual is hired when 6,,; > 0*(w), so that the rate at which this occurs is
6G(h*(w)). The expected value of the firm after the addition of this new employee is given
by E{Vi(w;01,...00,00:1)|0ns1 > 0*(w)}. The rate at which the business idea becomes
unviable is (r, and the value associated with this event is V.

It is possible to greatly simplify this model, given the structure of production and the
Nash bargaining assumption regarding wage determination.

Proposition 1 The value function of a firm of quality w and with n employees, each with
match quality level 0;, 0; > 0*(w), i =1,..,n is given by

V(@i 61, .oy 8) = Aw) + 3 B(w,6),
=1



where

- _ Lo

Aty = SRS, ) - £
and

= [ By G0
v GOW)
_ L(wh(w) — pViy)
ptn+Cp

where 0(w fe* d(i(i))

Proof. We have

1 n
PVE(@, 01, 0n) = w + 5 > (wbi — pVi) + Cp(Vi = Ve (w, 01, ..., )
=1

+ Z Ve (w,0-;) — Vp(w; b1, ...,60,)}

+5é(0*(w)){ » )Vp(w;Ql,...,Qn,Q)(%

Collecting terms that involve only w and those that involve both w and the match values
{61, ...,0,}, we have

— Vr(w,01,...,0,)}.

(p+ Cr +nn+ 6G(0* (w +ZBw0

1 n
=w+g ;wei = PVU) + CrVu

+n{nA(w +Z Z

i= 1] 1,5#4

+0G (0" (w)){ Alw +ZBw9 + B(w)}

=1



which implies

A+t + (p+Co+m) S Blw, )
=1

= w+ PV +0G(0%(w))B(w) + % > (wbi — pVo),

i=1
so that .
Vi (w; b1, ..., 00) = A(w) + Y B(w,6;)
i=1
when
Alw) = w4+ CpVy + 0G(0*(w))B(w)
p+Cr
Liwo — pV
B(w, 6;) M
p+Cr+n
n

We note that A(w) is the value of a firm with no employee, i.e., A(w) = Vp(w;0) and
B(w, ) is the value from hiring a worker with productivity 6 in this firm. f(w) is the
average productivity value for a firm with idea level w.

The death rate of self-employment is equal to the death rate of firms, so that

Cs=Cr=¢

Actually, labor market equilibria of the type we describe can be derived even when this
assumption does not hold, in particular, for the case in which (¢ > (r. However, this
assumption simplifies notation and serves to facilitate the analysis of the properties of the
equilibrium.

2.2 The Partial Equilibrium of the Labor Market

By partial equilibrium, we refer to the fact that we are considering the contact rate between
workers and firms to be fixed, with this rate given by A > 0 from the perspective of those
in the U state and is given by § > 0 from the perspective of firm owners.

We begin by considering the decision of starting a firm or becoming self-employed given
the arrival of a business idea of quality w to an individual in state U. To establish the
properties of these decision rules, we first condition on the value of being unoccupied, V.
We then close the partial equilibrium model by solving for V.

The value of being self-employed was given in (1), hence we have the critical value of



w that would make an individual indifferent between S and U is

ws + VWV
VU:Siiw* :pVU,
p+<¢ 5
so that for any w < wg the individual would remain unattached. This critical value assumes
that the only choice the individual faces is between S and U. The individual also has the
option to begin a firm after paying a start-up cost of R. The value of starting a firm with
no employees is given by

B o w+ (Vi + 6G(6*(w))B(w) B
Vi(w,0) — R=Aw) — R= PR R.
We define
C(w) = G(6"(w))B(w)
5 Jye () (@8 — pV)dG(9)
a p+n+<
so that Vi 4 6C(w)
L w U w)
Alw)—R = PG R.

A(w) is strictly increasing in w, then given a value of R, there exists a unique value of w
such that (as proven in the proof of Proposition 2)

Vo = A(why) — R.

Any unattached worker receiving business idea w > w}.;; would be better off by starting a
business rather than staying as unattached. For example, for the case in which

A(0) - R > Vi,

we define wp;; = 0, meaning that the value of a firm with any business idea would be
better than the value of the unattached state.

We can now delve into the characterization of the (partial) equilibrium of the model.
In this equilibrium, when a searcher receives a business idea, if

w},U < wg’ ’
then, in equilibrium, self-employment would be absent and all pursued business ideas would

result in the creation of a firm. This is because, by definition, we have A(w}}’U) — R =

10



Vs(wg) = V. Furthermore, both firm and self-employment values increase with w, so we
have A(wg) — R > A(wj ;) — R = Vs(wg). Thus, making firm ownership is consistently the
better choice. This will &epend on the value of R. Therefore, we make the result conditional
on the value of R since certain values of R could result in all ideas being turned into firms.
This would be the case when there was a net subsidy for starting a firm so that R < 0.
If the subsidy were large enough, all business ideas would be turned into firms since the
value of firm ownership would exceed the value of self-employment. On the other hand, if

w}‘;’U > wg,
then there will be self-employment. To find out how much self-employment there will be,

we solve for the critical value of wy which makes an individual indifferent between firm
ownership and self-employment

Vs(wp(R)) = A(wp(R)) — R
wp(R) + ¢V _ wi(R) + Vu + 6C(wi(R) R
p+C p+C
= 6C(wp(R)) = (p+ R

= wp() = ¢ (LE0R)),

where the last line follows from the fact that the function C(w) is strictly increasing in
w and is therefore invertible. Since 6g(w) > 0, then the function C~! is also an increasing
function of its argument. It follows that w}.(R) is an increasing function of R and a
decreasing function of ¢, the rate at which an existing firm meets potential employees.”
Given the definition of C' and R, we can obtain a solution for w}.(R). The cutoff idea

quality for starting a firm, w}.(R), is such that the following equality holds

gy = 20+ QR pVUG(pVU)

5 Jpr ) 04GIO) gg* | 0dG(0 @)

With all of the decision rules in place, we can now solve for the partial equilibrium
value of the unoccupied state. We denote the flow value of being in this state by . Then

Twi represents the idea quality threshold where individuals are indifferent between firm ownership and

self-employment (A(wf)— R = Vs(wk)). On the other hand, wi.;; is the idea cutoff that ensures individuals
are at least as happy as being unattached (A(w ) — R = Viy). If self-employment exists, then we trivially
have that wi > wr .

11



the value of being in state U is

= b—i—)\/ / VE 0; w) VU)dG((g)sts(w)

w
*

T / (Vs(w) — Vo) dH(w) (5)

*

S

+o / (Ve(w.0) — R — Viy)dH(w).

Sk

The term b corresponds to the flow value associated with the unattachment state. We
can consider it as reflecting the unemployment benefits, costs of search, or other activities
during the unattachment state. The integral on the first line corresponds to the welfare
gain from taking a job as a dependent worker (where the rate of these meetings is \),
and the limits of the integral are over the set of acceptable (w, @) pairs. The distribution
Hgs(w) is the distribution of firm business ideas among the set of existing firms. Given
that firm ideas are fixed and do not evolve, and they expire exogenously at the same rate
¢, This distribution is simply

H(w) - H(wp)

Hgs(w) = f[( )
W

, W wp.

The second line of (5) corresponds to the gain in welfare from becoming self-employed,
with the integral taken over the set of business ideas w € [w§,w},). For equilibria in which
wpy < w§, wg = wy and this is the null set. The final line gives the gain in welfare from
becoming a firm owner.

We can simplify (5) to

PV = bt gt / / (w0 — pVi)dG(0)dHgs(w)

wp
e
P+C wg

%C /w; (w— pVy + 6C(w) — (p+ ¢)R) dH (w)

(w— pVy)dH (w) (6)

Thus, the further the simplified solution for Vy; is

12



ppH(Wg) | 0.5p
p+¢  ptCHn H(F p+C

w b+ 0.5 A pd
ptHC+n

() | e
+ ﬁE[cﬂw > wg]ﬁ(wg) — @ﬁ(W;)R>

[ etano)

]/EWEWW>9Wwﬂéw%wDMﬂw)

Vo = <p+

Proposition 2 The FUSE equilibrium is characterized by a value of the unoccupied state
Vu and two critical values wg and wy such that an unoccupied individual will become self-
employed if they receive a business idea

w € [ws, W)
and will open a firm if
w € [wp, 00)

for a business start-up cost R > 0.

Proof. While we make no theoretical claims regarding the existence or uniqueness of
this equilibrium, we establish its existence through computational methods. Assuming the
existence of Vi, we show that the properties of wg and w}. can still be established. Le.,
if there exists a FUSE equilibrium, then it must be the case that business-start up cost
R > 0. We saw that the value of self-employment with idea w is

w + CSVU
V. = —
s(w) p+Cs
Thus V() )
s(w
= > 0.
Ow p+Cs

Thus, there exists a value of w that would make the individual indifferent between
remaining unoccupied and becoming self-employed such that

Vu = Vs(wg)
we 4+ (sVy
= V=2
v p+Cs
= wg = pVu.

13



The value of starting a firm at match w is given by A(w), the derivative of this term is

DA(w)  1+06%)

_ Ow
Ow p+Cr
where
Cl) - GO @) B
p+n+Cr
1

~ 2(p+n+Cp) /9*(w) (6 = pV)dG(E).

Furthermore, we assume 6 is distributed on the interval [0, 1], therefore 6*(w) = %
would be greater than 1 if w < pVy = wg. Formally, we would have

5G(6*(w))B(w) {: 0, ifw<pVy=uw}

p+Cr >0, otherwise
Thus,
aC(w) 1 PVur oV )
B " 3ptnTor) </e*<w> 0dG(0) + =5 (= ~w = pVu))g (0" ()

T

= 0dG (6
2(p+1+CF) Jor(w) ©)

>0 Vw.

Then

DA(w)  1+06%C%

>0 Vw.
Ow p+Cr ¢

Since % > 0 everywhere on R, there exists a unique value of w, w}’U such that
0=R- Alwry)-

Up to this point, we showed that there exist unique cutoff values making individuals in-
different between F and U, as well as between S and U. To ensure the coexistence of firm
ownership and self-employment in the economy, it must be that wg < wy.;;. We show that
it is necessary that R > 0 to accomplish this. ’

First, note that the difference between values of different types of businesses at given
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_wH GV wH sV | 0G(0" (W) B(w)
p+Cr p+Cs p+Cr
which is a strictly increasing function of w when (g > ( which we assume throughout

the analysis. Moreover, Vi (w, () is greater than Vg(w) if w > pVir = w¥.
Suppose R > 0, then by definitions of wg and w},U we have

Vi (w,0) — Vs(w)

wpy +CrVu L wygt Vo R 6G (6% (w)) B(w)

p=+Cr p+GCs p+Cr
If we assume that there is a case where wg > wy;; when R > 0 in the equilibrium, then
5G (0" (Wi ) BWh ) WrotCrVU  witsVu R

it must be that v = 0. As a result, the equation — pEwgs
is derived. However, this leads to a contradiction since the left-hand side of this equation
is non-positive, while the right-hand side is strictly positive.

For a business start-up cost R > 0, if we have the existence of V;; and Wpy > wg, a
threshold value wy. is needed to determine firm-ownership decisions, meaning that w > w¥
would result in firm ownership. This means that an individual receiving w} should be
indifferent between F and S, i.e.,

Vr(wp) = Vs(wr) = R,

which exist, when Vp(w) — Vg(w) is strictly increasing function of w.

|

Note that this result presumes that there exists a labor market in the steady state, that
is, R must be bounded from above. As R — oo, no businesses would form and therefore
no employees could match with a business.

2.3 Steady State Distributions

In this section, we will derive the steady-state proportions of firm owners, the self-employed,
employees, and unattached individuals. In partial equilibrium, the rate of meetings between
individuals in the state U and firms is denoted as A, while the rate of meetings between
firms and individuals is represented by 6. However, in the subsequent section, we will
endogenize these rate parameters.

We normalize the measure of the entire population to 1, and we denote the measures
of individuals in the four states at time ¢ by

L=F(t)+U(t)+S(t) + E(t).
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Denote the time derivative of those in the U state by

U= —APr(AU(t) — pH(W)U(t) + C(F(t) + S(t) + E(t)) + nE(t)
= —APr(A)U(t) = pH (WU () + (1 = U(t)) +nE(t), (7)

where Pr(A) is the probability that a wage offer from a firm is acceptable, with

~(n* dH(w)
Pr(A) = G0 (w))= ,
= [ Go@g S
where
6*(w):@.

Examining the right-hand side of the equation (7), we can see that the first term rep-
resents the decrease in the unattached share resulting from individuals finding suitable
employment as employees.® The second term is the outflow rate due to unattached in-
dividuals finding acceptable jobs as either self-employed or firm owners. The third term
represents inflows in U due to firms and self-employed businesses exiting at the exogenously
determined rate (. Firm closures also result in the terminations of employment contracts,
which is why employees are also included in this term. The final term reflects the inflow
rates from employees leaving their jobs at firms for idiosyncratic reasons, with these exits
occurring at rate 7.

The definitions of the time derivatives of the other states follow analogously,

E = APr(A)U(t) — (n+ ) E(t) (8)
S = @(H(Ws) — Hwp)U(t) = ¢S(t) 9)
F = oH(Wp)U(t) = CF(1) (10)

The change in the measure of employees at time ¢ is the sum of the measure of indi-
viduals flowing into the E state of those unattached at time ¢, U(¢), minus the measure of
those leaving the state E at time t given the failure of the business or employment. The
change in the measure of those in the self-employed state is composed of the size of the
inflow from state U, which is ¢ multiplied by the probability that the idea is of quality
w € [w§,w}), minus the size of the set of individuals leaving state S at time ¢. Finally, the
change in the measure of firms is the inflow rate times U(t) minus the outflow measure of
firms, CF(t).

From (7) we can write the steady state value of U as

0=—-APr(A)U — oH (WU + (1 - U) +nE (11)

8Note that we assume that w values are distributed according to the steady state distribution of firms
for purposes of defining Pr(A). This approximation will be valid in the steady state.
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From (8), we can write the steady-state measure of employed as

0=APr(A)U — ((+n)E

APr(A)
E = U 12
Tt (12)
Substituting (12) into (11), we have
U=— S (13)

The other steady-state proportions are given by

. SEAPr(4)

ﬁ)\ Pr(A) + pH(w%) + ¢

p(H(ws) — H(wr))
SEAPT(A) + oH(wh) + ¢
pH(wp)

SEAPH(A) + oH(wh) + ¢

(14)

S:

(15)

F=

(16)

The steady state of the FUSE model depends on the primitive parameters and the endoge-
nous values pVy (= wg) and wi.

2.4 General Equilibrium

In this section, we extend the model to allow for the endogeneity of contract rates between
workers and firms. As is common, we assume a matching function that has a Cobb-Douglas
form with constant returns to scale,

M(U,F) = QUPF¥,

where the Cobb-Douglas parameters satisfy § € (0,1) and @ > 0. The measure of
searchers on the supply side only includes the unattached since we have assumed no on-the-
job search. On the demand side, only firms can hire dependent workers, not self-employed
individuals.
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The rate at which workers meet firms is then given by

B U
= QUPIFP
= Q’%l_ﬂa
where k = g is analogous to the measure of labor market tightness in the Mortensen-

Pissarides framework, with the measure of firms (F) replacing the measure of vacancies.
Similarly, the rate at which firms meet workers is

5 MU.F)
-~ F
= QUPF~#

As we see, the endogenous contact rates A and § depend on the primitive parameters
Q@ and [ and the sufficient statistic, k. From the partial equilibrium case, we know that

P pHw)

It follows that

=\ 18
A:Q<soH<c«»F>> an

- . \B
5=Q (Q'OHEWF)> (18)

Thus, the endogenous contact rates are determined completely by the primitive param-
eters and the decision to start a firm, characterized uniquely by wy..

The principle difference between the solutions of the partial and general equilibrium
version of the model is in the determination of w}. In the general equilibrium version,
contact rates are functions of w}. whereas in the partial equilibrium case, they are not.

3 Introducing a Minimum Wage

In this section, we consider the impact of a minimum wage on labor market equilibrium.
We follow the approach of [5], in which the minimum wage is considered to be a constraint
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on the usual Nash bargaining case, with the wage being given by

o=
ol

w*(m) = arg max (Ve(w,m) — Viy(m))2 x Vip(w,w,d,m)

w+ (1 4+ Vu(m) P (wxb-w\?
p+n+C _VU(m)> X<P+77+C>

= argm>ax(w - pVU(m))% X (wx0—w)z.

= arg max (

w>m

NI

Instead of an unconditional choice of w, in this problem, the choice of w is restricted to
the set w € [m,00). By imposing the constraint on the choice of wages, the Nash axioms
are no longer satisfied. Thus we should think of this simply as a surplus division problem
in which there exists a side constraint on how the surplus is to be divided.

[5] showed that we can solve for the wage w*(m) as follows. Denote the equilibrium value
of being unattached when there is no minimum wage by Vi7(0), where the “0” indicates a
minimum wage of zero. Any minimum wage m such that m < pV;(0) is not binding. For
any m > pVy(0) the minimum wage m is binding, and we can show that

m > pViy(0) = m > pViy(m).

The smallest wage that we can see in the economy with V7 (m) is 0.5wWUT(m)+O.5pVU (m)
pVir(m). Hence, since minimum wage is binding, we have m > pVi(m).

This means that any wage offer at least as large as the minimum wage will be accepted
by workers. Firms have an outside option of zero, so they will accept any employment
match such that they at least break even, meaning that they will accept any match such
that 6 > . Thus m becomes the new acceptance value instead of pV;(0) in the case of
no minimum wage.

In the partial equilibrium case in which contact rates between searchers and hiring
firms are determined exogenously, the imposition of (or increase in) a binding minimum
wage will decrease the steady state employment rate. However, the wage distribution will
also change due to the impact of the minimum wage on the wage-setting process. These
changes will result in a new value of the unattached state, which is denoted as Viy(m). The

wage determined under a binding minimum wage is given by

Lo+ LpVis(m) i wh > p(m)

w* (wh, Vyy(m), m) = {m if wh < p(m)

where

p(m) = 2m — pVir(m).
This means that any productivity level p = w6 that belongs to the set p € [m, p(m)]
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pays a wage of m, that is, the constraint on the surplus division problem is binding. When
p < p(m), the share of the match surplus received by the worker is greater than %, since
the binding minimum wage, in this case, is more than the wage in the case of no minimum
wage with bargaining power % When p = m, the worker receives all of the match surplus.

Firms of various quality levels will be differentially impacted by a minimum wage of m.
As discussed above, we assume that the support of the matching distribution G is [0, 1],
so that the maximum productivity of a worker at a firm of quality w is w. Thus no firms
with w < m can exist.”

As long as the support of the idea quality distribution is unbounded, any firm of quality
level w has a positive probability of contacting a worker with match productivity no less
than

p(m) > m = wh >m

=0> m
w
Then the critical match productivity value for a type w firm with a binding minimum wage
is é(w, m) = ™. Just as was the case when there was no binding minimum wage, the higher
the quality of the firm, the more likely is an employment match.
A firm of type w will pay all employees who have a match value 6 € [é(w, m), é(w, m)]

a wage of m, where
A 2m — pVq
O(w,m) = am—pruim) U(m).
w
This implies that the probability that a worker at a firm of quality w will be paid the

minimum wage is given by

P(w =m|w,m) = G(0(w,m)) - G(O(w,m))

1= G(B(w,m))
G (regm) - G ()
- 1-G (%)
G (24 mern) — G ()
B -G (%)

It is clear that
OP(w = m|w, m)

Ow

in general has an ambiguous sign if no restrictions are place on the distribution G other than

9Given our estimates of wj, this is really not a binding constraint even for very large values of the
minimum wage
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being continuously differentiable on R;. However under certain distributional assumptions
unambiguous results can be obtained. For example, if 6 is distributed according to Beta
distribution with parameters (a, 1), then

(2m*PXU(m))a _ (%)a
1— (m)a

(2m — pVy(m))* —m®
w(l _ ma

P(w =m|w,m) =

so that

OP(w = m|w, m)
ow

oc —a((2m — pVy(m))* — (m)*) w®™

which is negative when a > 1 given that 2m — pVyy(m) > m. Then, the probability
of hiring a worker and paying them the minimum wage decreases as firm quality increases
with this specific matching distribution.'®

3.1 Equilibrium with a Binding m

Under a binding minimum wage, the equilibrium characterization remains the same, except
that the dependence on m must be explicitly noted. In particular, the equilibrium, either
partial or general, under a minimum wage m is characterized by (Viy(m),wy(m)). We do
not have to explicitly include the critical business idea value for becoming self-employed,
w§(m), since, as before, w§(m) = pVy(m).

10 Another example is if @ has an exponential distribution with parameter a > 0, then

(1 e ‘"”)) ~(1— ()

efa(%)

g m=pVy (m)

zg(m_pVU(m))’

so that

OPw=mism) __, (m - pvu<m>) . (m - va<m>>

<0.

Hence, in the case that the matching productivity distribution is exponential, the likelihood of hiring a
worker and paying them the minimum wage is strictly decreasing in the quality of the firm.

21



The value of unattachment in the case of a binding minimum wage is given by

pVu(m) =b+ )\/ /m(VE(Q;w,m) — Vuy(m))dG(0)dHggs(w; m)

wi(m) /5

wi(m)
+¢/ (Vi(w) — Vir(m))dH () (19)
wg(m)

b [ Velwiom) - R = V(m)dH ().

F(m)
In this case, we have

Vi(0,w, Viy(m), m) = w* (Wb, Viy(m), m) + (¢ + )V (m)

p+C+mn
w*(bw, Vy(m), m) — pVy(m)
= Ve(0,w,m,Viy(m)) — Vy(m) =
B( v(m)) — Vu(m) Py
w+ ¢V (m)
Vs(w; Vy(m)) = ————=
sl Vi (m) = 0
w — pVu(m)
= Vg(w; Vy(m)) — Vy(m) = ———=
s(w; Vu(m)) = Vu(m) e
8 [m (wh—w* (wh,Vy (m),m))dG(0)
w+ CVy(m) + 2 A
VF(W;quU(m)7m) = p+<
0 [m (wh—w*(wh,Viy(m),m))dG(0)
w2 S — pVir(m)
= Vp(w, Viy(m),m) — R — Vy(m) = PG - R

(20)

We can solve for the equilibrium value Vy(m) by substituting the expressions in (20)
into (19) to obtain

w*(wb, Vy(m), m) — pVy(m)
Vi =b+ A dG(0)dH
vom=vex [, P (0)dHss(c)
“F w = pVy(m)
+ ——— ~dH(w
8 [m (wh—w*(wh,Vy (m),m))
N Jor W+ = dG(0) — (p+ Q)R — pVuy(m)]dH (0)
¥

p+C
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For simplicity, we can rewrite this expression as
Vu(m) =T (Vy(m); ©2)

where () is the vector of primitive parameters characterizing the model and I' is a
continuously differentiable operator. The model is formulated in continuous time, making
it challenging to prove that the functional equation is a contraction mapping with a unique
solution. Nonetheless, it is possible to iterate on I' to find a solution

Vi (m) = p~'T (Vi (m); )

constitutes an equilibrium of the model, where Vi (m) < m.

The solution we have described so far is that of partial equilibrium in which the contact
rate parameters (\,0) are taken as exogenous. In the general equilibrium model, these
two contact rate parameters are no longer considered to be primitives, and the vector of
structural parameters includes all of the partial equilibrium parameters with the exception
of (X,0). We denote the subvector of {2 that excludes these two rate parameters by _,.
Once again, the general equilibrium model determines an equilibrium value of Vi7(m), but
there now exists additional constraints on the equilibrium selection:

£(Vy(m)) =
= AMVu(m), B,Q) = Qr(
= 0(Vu(m),B,Q) = Qr(Vy

The general equilibrium in this case, which we denote by VU (m), is any solution to

Vi§ (m) = p7 ' T(VF (m); @, A(Vir(m), 8, Q), 6(Vis (), 5, Q)
At this point, we make no theoretical claims as to the existence or uniqueness of this
equilibrium but establish existence by computational methods.
3.2 Equilibrium Exercise under Minimum Wage

In this section, we will simulate an economy to visualize the impact of minimum wage on
the economy. To do this, we use the equilibrium equation 20 given in Section 3.1, as well
as the equation for determining the threshold idea quality for firms, denoted as wj,(m)

o (@)~ 0 0, Vi), m))G(6)
where C(wp(m)) = —=£

p+n+(¢

23



0.8603

0.8 1
435

0.6 805 —
= [

Shares

0.2

004

10 15 20 25 30 35
Minimum Wage

Figure 1: Steady state shares of FUSE under different minimum wage policies

In our simulation, we assume that w follows a log-normal distribution with parameters
e, and o, and 0 follows a Beta distribution with parameters a and d, as detailed in
Section 4.2. We further set the following parameter values: py, =1,0,=1,a=1,d =1,
w = 0.08, ¢ = 0.008, n = 0.017, b = =50, Q@ = 1 and R = 10000. These parameters in
the absence of minimum wage result in that Vi;(0) = 2128.45, wy, = 17.75 and w? = 8.87.
These estimates are obtained under the assumption of general equilibrium where A = 0.33
and § = 3.00.

In Figure 1, it is evident that an increase in the minimum wage (which is binding,
given that all the minimum wage values considered are greater than pVi(0)) leads to a
decrease in employment and firm shares. Simultaneously, there is an increase in the shares
of unattached individuals and the self-employed.

We also introduce a simple form of a Benthamite social welfare function to evaluate
the overall welfare in the economy. The welfare function is defined as:

SW(m) = F(m) x Vp(m) + U(m) x Vy(m) + S(m) x Vs(m) + E(m) x Vg(m).

Here, j(m) represents the steady-state share of individuals in each state (j € F,U, S, E).
The variables V](m), where j € F, S, F, denote the average welfare level in each state under
the minimum wage m. The value Viy(m) is constant as all unattached individuals have the
same value.

In Figure 2, we present the average welfare in the economy. It is evident that as the
minimum wage increases, the value of unattachment initially rises and then declines. On
the other hand, the imposition of a minimum wage policy leads to an increase in wp,
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Figure 2: Average Welfare in the economy for each group and for the aggregate economy
(weighted by their shares)

indicating that firms with high quality can survive in this context. Consequently, the
average firm quality also increases. This implies that despite the increased difficulty of
becoming a firm, maintaining firm ownership remains a desirable option.

Furthermore, as the minimum wage increases, the contact rate A\ decreases, making it
more challenging to become a dependent worker, despite the attractiveness of employment
at these firms, particularly for low-match productivity cases. The decline in the value
of unattachment reduces the threshold for individuals to become self-employed business
owners. Consequently, individuals tend to shift towards self-employment as a viable option.
We also observe our aggregate welfare measure is a single-peaked function of the minimum
wage that has its maximum value around m = 20.87.

4 Econometric Issues

4.1 Data
4.1.1 Current Population Survey (CPS)

We use a sample of data drawn from the monthly Current Population Survey(CPS) from
2017 and 2018 consisting of males who were between the ages of 25 and 55, inclusive. Nor
further demographic restrictions are imposed when we calculate the shares of labor market
status categories and wages of individuals.
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The “self-employed” category consists of individuals who reported incorporated or un-
incorporated self-employment with usually no paid employees. It is important to note
that the question regarding the presence of paid employees was asked to self-employed
individuals in the 4th and 8th months of their participation in the survey. As a result,
when calculating shares of individuals in each state, we limited our analysis to individuals
who were in their 4th or 8th month of participation. The “firm-owner” category consists
of individuals who reported either incorporated self-employment or not incorporated self-
employment, having paid employees usually. The category of paid “employed” individuals
consists of respondents who reported employed and were not self-employed or firm-owner.
Lastly, we define the category of “unattached” as the individuals who reported either un-
employed or not-in-the labor force. The motivation behind accounting people who are not
in the labor force as unattached is that they may still receive ideas to start their own
businesses or firms while not actively searching.

To obtain hourly wages for employed individuals, we pooled the data of monthly CPS
from 2018 and 2019. Then, hourly wages are obtained from sample members who were
employed at the time of the survey according to the above definition. They are either
actual hourly wages reported by employees if they are paid on an hourly-pay basis or are
calculated by dividing weakly earnings by the usual hours worked per week when they
exist.

The hourly wage information of self-employed individuals is also utilized in the estima-
tion procedure. We merge monthly CPS datasets and CPS Annual Social and Economic
Supplement (ASEC) for 2016-2019; as hourly income data is not available for self-employed
individuals in the CPS, we rely on the ASEC supplement for income details. Due to the na-
ture of the survey, income information for self-employed individuals can only be matched
for those who are in the 4th or 8th month of their participation, which corresponds to
March. This limitation arises from the fact that usual paid-employee questions are avail-
able only in these specific months. Therefore, to increase the sample size, we also use data
from 2016 and 2019 in addition to 2017 and 2018.

To calculate annual hours worked, we multiplied the reported weekly hours worked
by the number of weeks worked in a year. Subsequently, we calculated hourly income by
dividing the non-zero business and/or farm income reported in ASEC by the annual hours
worked. We removed observations where the hourly wage was zero or infinite, indicating
zero annual hours worked. We choose not to trim the wage data for both self-employed and
employed individuals since our estimation procedure handles outliers by placing emphasis
on quantiles located far from the extremes. In Table 1, we present the values for mean,
median, minimum, and maximum quantiles used in the estimation process for both data
sets.

From Table 1, we see that 3 percent of the sample is assigned as firm owners who are
eligible to hire workers from paid employees category. The share of the latter one is 76
percent, while shares of self-employed and unattached individuals are 7 percent and 14
percent, respectively.
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Characteristic ‘ Value Source
Shares of FUSE

Firm Owner 0.03 CPS 2017-18 Monthly
Unattached 0.14 CPS 2017-18 Monthly
Self-Employed 0.07 CPS 2017-18 Monthly
Employed 0.76 CPS 2017-18 Monthly
N | 144,685
Wages of Employed Individuals
Quantile 0.2 | 14.00 CPS 2017-18 Monthly
Quantile 0.8 | 37.75 CPS 2017-18 Monthly
Median | 22.00 CPS 2017-18 Monthly
Mean | 26.52 CPS 2017-18 Monthly
N | 107,062

Wages of Self-Employed Individuals
Quantile 0.2 7.69 CPS 2016-19 Monthly & ASEC
Quantile 0.8 | 31.25  CPS 2016-19 Monthly & ASEC
Median | 16.35  CPS 2016-19 Monthly & ASEC
Mean | 27.22  CPS 2016-19 Monthly & ASEC
N | 2679

Mean firm age | 11.19 BDS’18
Table 1: Descriptive Statistics of the Data Used in the Estimation

*Sample statistics for hourly wages for employed individuals and hourly income for self-employed
individuals are computed after excluding individuals without positive wage or hour information .
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4.1.2 Business Dynamics Statistics (BDS)

Business Dynamic Statistics data provides aggregated information on job creation and
destruction, establishment, and firm births and deaths annually. We utilize 2018 Business
Dynamics Statistics to estimate the firm destruction rate ¢, which is identified as the inverse
of the mean age of firms. To derive this estimate, we focus on the number of firms that
exited completely within each firm age category during that year. In Table 2, we present
the summary of the data.

Age categories in the BDS data are ages of 0, 1, 2, 3, 4, 5, 6 to 10, 11 to 15, 16 to 20,
21 to 25, 26 and over, and left-censored.!! For age codes represented by intervals, after
the age of 5, we mainly consider the mean of the interval if it exists. For the last two
categories, we suppose that mean ages of 34 and 42, respectively. Then, we calculate the
mean age weighted by the number of firm exits in each age category in 2018.

Firm Age Code | Number of Firms | Number of Firms Exited
0 years 442,676 -

1 year 344,691 73,935
2 years 304,439 43,402
3 years 260,931 31,165
4 years 232,446 24,750
5 years 207,691 20,695
6-10 years 825,601 67,147
11-15 years 688,706 45,197
16-20 years 480,573 28,038
21-25 years 389,694 22,441
26+ years 742,589 40,569
Left Censored 368,111 15,068
Total 5,288,148 412,407

Table 2: Summary of Firm Age Categories, Firm Counts and Firm Exits in 2018 from BDS
data

4.2 Identification and Estimation

The primitive parameters in the model are p,b, o, \,n,(, H(w),G(0), R, d,Q and .

We assume that the distribution of business ideas is log-normal, with mean gy, and
standard deviation o,. We restrict the support of the distribution of business ideas to
[0,1], and we will assume that G is a Beta distribution with parameters (a, d), with c.d.f.

12T eft Censored” firms refer to a specific category of firms that were established before 1977, but their
true age is unknown or unobserved.
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and p.d.f. given as

a—1/1 _ p\d—1
9(0;a,d) = 9}(}1(@;))’

where the incomplete Beta function is
0
B(6: a,d) = / =11 gyi-lgy
0

and B(a,d) = B(1;a,d). Therefore there are 4 parameters that describe the distributions of
the two random variables (w,0), p,, 0, a, and d.

We know that the two preference parameters b and p are not separately identified [4].
We will fix the value of p to a value that implies an annual discount rate of approximately
0.05, and we will estimate b in the manner described below.

We begin by considering the estimation of the distributions H and G using the empir-
ical distributions of self-employed ”wages” and the empirical distribution of wages among
dependent workers.

4.2.1 Estimating H(w)

We can estimate the distribution H almost directly from the implied hourly wages of the
self-employed. The model implies that these wages are identically equal to the quality
of the business idea, w. However, the distribution of these wages is truncated below at
pVu = wg and above at wi.. In order to consistently estimate H, we must take account of
this truncation by simultaneously estimating (w§,w}:) along with (i, 0y).

It is difficult to estimate the upper bound (w}.) given the shape of the empirical distri-
bution of self-employed wages since the right tail of the empirical density does not display
any clear signs of truncation. As a result, we will use other information from the data
to assist in the identification of the upper truncation point. The steady-state measure of
self-employed (S) is proportional to

H(ws) — H(wr)

and the measure of firm owners (F) is proportional to

H(wh).

The proportion of firm owners (F) to self-employed individuals (S), denoted as F'S, can
be calculated as the ratio of the steady state measures of self-employed individuals to firm
owners. Specifically, F'S is given by:
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F_ _ Hwp)

S~ H(ws) — Hwp)

The proportion FS provides an indication of the relative size of the firm-owner popu-
lation compared to the self-employed population in the economy.

Given knowledge of the three objects (i, 0y, w?), and using the observed value of SF
from the data,

ro— _ H@p)
H(wg) — H(w)
F__ Hwp)
TF+S T Hwy)
:ﬁ(wF):FiS x H(w)
= wp = A (g < 1(3) (21)

All of the arguments in the inverse operator on the last line are assumed known so that
the value of w} is uniquely determined.!?

Our procedure is to estimate the distribution of omega among the self-employed by
using a minimum distance procedure. We target quantiles of self-employed ”wages” and
fit them to a truncated lognormal distribution which is truncated at the lower bound wg.
The free objects in the minimization are (p, 0w, ws). Given values for the three objects,
a value for wj}, is found using (21).

To estimate the parameters of G and H we employ the same procedure. Define the
wage (of self-employed) associated with quantile = by

w(x) = Hg' (),
where Hg !is the inverse of the c.d.f. conditional H for self-employment since w is truncated
at wg and wi:
H(w) — H(wg)
H(wp) — H(wg)

Hs(w) =

Consider a set of quantiles denoted as X', where each element z[i] belongs to X', and the
subscript ¢ signifies the index of the element in the set of quantiles. Our goal is to determine
the corresponding quantile values for the self-employed wage data. To accomplish this, we
apply the inverse empirical distribution function from the self-employed wage data, denoted
as Hp' to each x[i]:

S+F><H(wg~))

21 terms of the CDF function H, this equality simplifies to wi = HY( o
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wli] = Hp' (x[i]).

For given values of (p, 0w, wg), and wj,, we can find

Wi (oo O'w’w:k%w}) = H_l(x[i];:uw’ Ow, wng})'

Given upper truncation point wj,, we can estimate (i, 0y, ws) by

(fiw, O, w3) = argﬂ Iginw* (W0 — W (s Oy w§)) (W0 — W(ftyy Oy WE)) (22)
wHY WM g

During the parameter estimation process, we adopt a two-step iterative procedure.
Initially, we set the parameter values as g = (fiw, 0w, w}), and then we employ the mapping
described in equation (21) to obtain an estimate for wy,. Subsequently, we utilize the
approach outlined in equation (22) to estimate the updated set of parameters as ©; =
(Mo 0w, ws). Then we repeat these two steps. This iterative process is repeated until the

parameters sufficiently converge.

4.2.2 Estimation of G(6)

We now consider estimation of the matching distribution. As was previously mentioned,
we assume that the matching distribution belongs to the Beta family with two unknown
parameters, a and d. Since

w = 0.50w + 0.5pVyy
2w —pWuy

=>0=—"—,
w

the conditional distribution of w given w is

G <2w;pVU;a,d -G (%;a,d)
F(wlw;a,d) = >
1-G (TU; a, d)
Then the c.d.f. of wages is given by
dH (w)

F(w;a,d) = / F(w\w;a,d)ﬂ_( .
“F wp

Using the consistent estimates of all of the parameters characterizing the distribution of
self-employed wages, we can then estimate (a, d) in a similar manner as we used to estimate
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H, which was by minimizing the sum of squares of the quantile deviations associated with
the data and the model to obtain estimates of ¢ and d.

F(w;a,d) is strictly increasing function of w, and to find the corresponding wage
F~1(p;a,d) for a given set of parameters (a,d) and a specific quantile level p, we utilize
a root-finding method. This approach is necessary since obtaining a closed-form solution
for the inverse of F'(w;a,d) is analytically complicated. Therefore, we solve the following
optimization problem:

w |F(w;aad) _p|

By solving this equation, we can determine the wage value that corresponds to the
desired quantile level p.

After these two steps we have consistently estimated the objects (p, 0w, a,d, wg, wp).
Notice that only the first four objects are primitive parameters, while the last two are
equilibrium outcomes. Given the fundamental under-identification of the model, there is
no loss in efficiency from estimating these equilibrium outcomes directly. These estimates
will be used to recover other structural parameters in subsequent steps.

4.2.3 Estimation of Rate Parameters

In this step, we find consistent estimators for the rate parameters (A, ¢, n,() by imposing
the steady state condition in the model. We have

F=—CF+ pH(Wwp)U
U = (F — (APr(A) + oH (W)U + (S + (C+n)E
S = p(H(ws) — H(wp)U = (S

E =APr(A)U — (C+n)E

where the £ denotes the rate of change in x, and where

S RACO) s

is the probability of an acceptable offer given that an unattached individual meets a firm.
We impose the steady state condition that sets all of the time derivatives to zero, and
structure the set of equations a bit more formally, which gives us
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o] [ pH(Wp) 0 0 F
0 ¢ —(A Pr(A) + SQH(WE)) ¢ (C+mn) U (23)
0 0 @H(ws) - Hwp) —¢ 0 S
0 0 APr(A) 0 —(C+n] |FE

This system of equations cannot be solved for all four rate parameters due to the adding
up constraint 1 = F +U + S+ E, which means that the maximal rank of the matrix on the
right-hand side of (23) is 3. However, it is straightforward to verify that the rank of the
matrix is actually 2, meaning that only 2 rate parameters can be identified directly from
the steady state conditions. Therefore it is necessary to estimate two rate parameters by
alternative means.

We have access to data on the average age of firms, tr. Under the model, the expected
life of a firm is given by E[tr] = (~!. Thus a consistent estimator of ¢ is

C=15,
since tp is a consistent estimator of E[tp]. Once we have a consistent estimator of ¢ it

follows from the first row of the matrix in (23) that we have a consistent estimator of ¢,
since

0= —CF + oH(wi)U

R CF
= ¢==",
H(wy)U

as we have a consistent estimator of H(w}).

It remains to estimate the two rate parameters n and A. From the CPS data, we can
construct short panels of monthly labor market status for individuals in our sample. For
those who are counted as employed in a particular month m, we examine their employment
status in month m + 1. The probability that an individual who is employed in month m
but exits from their job before month m + 1 is

Pr(fp <1) =1 —exp(—(n+¢) x 1),

where the time unit of measurement is equal to one month.'® We can consistently
estimate Pr(tg < 1) from the short CPS panel. Then a consistent estimator of 7 is

ii=—In(1— Pr(ig <1)) =,

3Under the stationarity assumptions of the model, the rate of exit from the state E is independent of
the amount of time that the individual has been in the state, which is why the hazard rate out of the state
is a constant equal to n + C.
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where the probability on the right-hand side is replaced with the consistent estimator of
it. From the last row of the steady state matrix, we can construct the consistent estimator

of A as ~
5= —In(1—-Pr(tg <1)) E
B Pr(A) U’
In this manner, we can consistently estimate all 4 rate parameters. Note that our
assumption that the death rate of firms was equal to the death rate of self-employment is
important in making this identification argument. If we allow for these two death rates to

differ, we could not uniquely identify all five rate parameters.

4.2.4 Estimating the Remaining Parameters

The parameters which remain for us to consider are flow value of unattachment, b, the
fixed cost of starting a firm, R, the rate at which firms encounter potential employees,
0, and the parameters that characterize the matching function. Recall that the matching
function is given by
M(U,F) = QUPF~¥,
which depends on two unknown Cobb-Douglas parameters, the TFP term @ and the
exponent 5. The rate at which unattached individuals meet firms is given by

MU, F)
A=/
U
QUPF1-F
U
= Qr7), (24)

where kK = (%) It then follows that the rate at which firms encounter workers is
S MU,F)
- F
=Qr P,
Then
=5
=\t

o >l >

=

Given a value of k from the cross-sectional proportions in each state and a consistent
estimator of A\, the parameter ¢ is determined.

The identification of both Cobb-Douglas parameters in the matching function, as ev-
ident from equation (24), is not attainable. We will fix one parameter and back out the
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other. Although the interpretation of the matching function is somewhat different from
the Mortensen-Pissarides case, the range of estimates of 5 surveyed in [10] suggests that a
value of 6 = 0.5 would be a reasonable choice. Given that value, we will estimate the TFP
parameter Q.

Another parameter to consider is the firm start-up cost, R. Given an estimate of the
decision rule w}., we have

A(wr) = Vs(wp) = R,

where A(w) = Vp(w;0) is the value of having a firm with no employees and a business
idea of quality w and Vg(w) is the value of being self-employed with a business idea of
quality w. All of the parameters characterizing the objects on the left-hand side are fixed
or consistently estimated, which provides us with a consistent estimator of R. Once we
have estimates for all values, we plug them into the Equation (6) to obtain an estimate of
b.

5 Model Estimates

The descriptive statistics for the implied hourly wages of self-employed individuals are
summarized in Table 1. Additionally, we find that the ratio of shares of firm ownership to
self-employment is 0.36. To estimate w distribution parameters, we fit the implied hourly
wages of self-employed individuals using a set of quantiles ranging from 0.20 to 0.80 at
intervals of 0.05 to ensure that the impacts of outliers can be alleviated. These moments
are presented in the Panel A of Table 4, where we display model and data moments.

The estimated parameters and their corresponding values are presented in Table 3. We
obtain that fi, = 2.827, 6, = 1.386, wg = 4.909, and based on the observed value of SF
in the data, we determine w}. = 50.319 through these parameter estimates. The implied
probability of an idea being suitable for starting a firm, denoted as H (W}), is found to
be 0.22. Similarly, the implied probability of an idea being suitable for self-employment,
denoted as H (W%), is estimated to be 0.81. These probabilities are contingent on the rate
of idea arrival, denoted as .

Given that wg = pVy, we approximately set Vi to be around 1178. In Figure 3,
we plot the empirical densities of observed wage data of self-employed (top and bottom
10 percent is removed) and simulated wage data from estimated parameters. We further
include lines representing 0.1, 0.3, 0.5, 0.7, and 0.9 quantiles for whole untrimmed observed
data and simulated data. We see that our estimates imply a right-skewed distribution for
omega. The majority of self-employed people have low business-quality ideas. While the
average idea quality for the self-employed group is 19.4, the average idea quality for firm
owners is approximately 148.5. In Figure 4, we also plot estimated density functions for
unconditional w, conditional w distribution for self-employment, i.e., w € [w§,w}), and w
distribution for firm-ownerhip, w € [w}, 00).
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Figure 3: Density Representations of Simulated and Actual Wage for Self-employed
Note: For the density plot, we used the kernel density estimation method where the bandwidth is
selected based on Scott’s rule. For the observed wage data, we removed the top and bottom 10
percent to mitigate the influence of outliers on the representation. To further illustrate the fitness
of the model, we also represent quantiles of 0.1, 0.3, 0.5, 0.7, and 0.9 for untrimmed observed and
simulated wage data.

We derive the distribution parameters of G(#) by estimating them from the wage data
of dependent employed individuals in our sample. Descriptive statistics of the sample are
provided in Table 1. With the estimated parameters of H(w), we proceed to estimate the
parameters a and d of the Beta distribution. This is achieved by fitting the model quantiles
to the data quantiles from 0.20 to 0.80 at intervals of 0.1. We use wider intervals of 0.1
instead of the usual 0.05 intervals to expedite the estimation process. This is because the
internal optimization at each step is time-consuming, and using wider intervals helps to
reduce the computational time involved.

We estimate that @ = 11.34 and d = 17.25, which indicates that 6 distribution resem-
bles the normal distribution around mean 0.4. The moments used in the estimation and
estimated moments are given in Table 4. To visually represent this distribution, we present
Figure 5.

In Figure 6, we additionally display the frequency distribution of simulated wages gen-
erated using estimated parameters for a, d, g, and o,,. We compare this with the observed
wages in our sample. This comparison allows us to assess the similarity between the ob-
served and simulated wage distributions. While we are able to match aimed moments
closely, there are differences in terms of the tails of the distributions. In comparison to
the observed data, the simulated data exhibits lower concentration and a longer right tail.
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Figure 4: Estimated Densities for w, w for Self-employed and w for Firm-owners.

Further, the mean and standard deviations of simulated data are higher than observed
data. This disparity can be attributed to the unbounded nature of the w domain, which
allows for the simulation of very large w values driving higher wages than observed data.
We should also note that hourly wage and weekly wage information available in CPS for
workers are top coded, creating the shorter right tail on the observed wage data, and
potentially leading to less degree of fitness in the right tail.

We calibrate é = 0.007 from the BDS data set as was discussed above, with the average
firm life is approximately 11 years. From the CPS panel data that we construct to track
of employment status of employed individuals in the next month, we obtained the average
share of people moved from employment to unattachment is approximately 0.02.14 This,
together with firm destruction rate ¢ implies that 7 = 0.014, i.e., a job destruction shock
is expected to arrive in 6 years on average. And average tenure is approximately 4 years.

We estimate that A = 0.113, implying that a job offer arrives on average in 8.89 months
for an unattached individual. Contingent on an arriving offer at rate A, the probability
that it is an acceptable offer, Pr(A), is almost one, implying that almost all offers are good
enough to accept. This is due to the fact that the minimum 6 threshold in the model is
O(wp) = & ‘%] — 0.098. @ and d imply that the probability that 6 is going to be greater
than 0.098 is equal to 0.998, and this will be even higher for any firm with better quality,
implying that almost all offers are good in the economy.

Since § = )\m, we have § = 0.645, implying that firm matches with an employee
F

14¥We only consider individuals who reported E in month m and U the month m+1.
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Figure 5: Frequency Histogram of Simulated 6

on average in 1.6 months. While firms seem to match with employees easily, becoming
a firm owner takes a longer time, with ¢ = 0.006, impacted by the high unattachment
probability and low firm-ownership probability. While it may not seem reasonable to have
a very low idea arrival rate for self-employment, we should keep in mind that both firm
and self-employment ideas are drawn from the same source and share the same arrival rate.
Therefore, this rate also reflects the difficulty of getting an idea to start a firm that can
hire other employees. Therefore, we could potentially improve the fitness of the model if
we introduce different distributions for firm ideas and self-employment ideas, although the
identification would be more problematic than it is as present. In any event, our current
efforts are devoted to modifying the model so as to produce less extreme estimates of some
of the key parameters of the model.

The average unattachment duration 1

tains information on unemployment duration for unemployed individuals. For the age and
gender specifications we follow, the mean unemployment duration is 5.2 months. Given
we consider not only unemployed individuals but also people not in the labor force as
unattached searchers, it is reasonable to observe a higher average unattachment duration
than the average unemployment duration.

Using equations of w}, and Vi7, we estimate R and b, respectively. Given all parameters
and the value of unattachment, we obtain that the flow cost of starting a firm instead of
being a self-employed is 16, 318. Then, we plug this value together with other estimates in

is almost 8.5 months. CPS con-

38



Simulated Data Observed Data

=== Mean of Simulated Data == Mean of Observed Data
mmm Simulated Wage Observed Wages

i
14000 H

i
12000

10000

100 0 40 &0 &0 100
Value Value

Figure 6: Histogram of Simulated and Observed Wages for Employed at Firm
Note: We simulate 107,000 wage data points based on estimated H(w) and G(6) distribution.

the equation of Vi; and we obtain that the flow unemployment b is —188.76. Finally, we
obtain that the TPF parameter Q = 0.269 which is estimated from ¢ = Qx~? with 8 = 0.5

6 Policy Experiments and Welfare

In this section, we explore alternative scenarios through counterfactual analyses to under-
stand the potential effects of two policies: start-up costs of businesses (R) and minimum
wages (m). In order to conduct our counterfactual analysis, we rely on the point estimates
obtained from the model, which are summarized in Table 3. These estimates serve as the
basis for evaluating the potential outcomes of alternative scenarios.

To assess the welfare impact of a given policy P, we consider a Benthamite social
welfare function (as we did in Section 3.2), defined as follows:

SW(P) = F(P) x VF('P) +U(P) x Vy(P) + S(P) x VS(P) + E(P) x VE(P),

where j(P) represents the steady-state share of individuals in each state (j € F,U, S, E).
The variables V;(P) (where j € F,S,E) denote the average welfare level in each state
under the policy, while V7(P) remains constant as all unattached individuals have the
same welfare level.

6.1 Start-up Costs

Our first policy analysis involves the impacts of start-up costs on labor market outcomes.
These costs, represented by R, influence firm quality distribution, as seen from (4), specif-
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Parameter Value
Panel A: w Distribution

Lo 2.827
Ow 1.386
wg 4.909
wWr 50.319
Panel B: 6 Distribution
a 11.34
d 17.25
Panel C: Rate Parameters
¢ 0.007
n 0.014
A 0.113
© 0.006
Panel D: Remaining Parameters
1) 0.645
Q 0.269
b -188.76
R 16,318
Vu 1178

Table 3: Parameter Estimates

Note: We set the model in monthly basis. To estimate the parameters of H(w) distribution and
G(#) distribution, we used quantiles from 0.2 to 0.8 with increments of 0.05 and 0.10, respectively.

ically we have that w}, is an increasing function of R. Decreasing the start-up cost can
increase the number of firms but may lower their overall quality. Conversely, implementing
higher costs improves business quality but reduces the number of firms in the economy.
These policies have essential effects on labor market equilibrium and social welfare.

The effect of different start-up costs on the value of unattachment is not straightforward.
On one hand, there is a direct negative relationship between start-up costs and the value
of firm ownership, as higher business costs reduce the attractiveness of owning a firm (as
indicated in the last line of equation (5)). On the other hand, higher start-up costs increase
the average firm quality through the effect on wy,, thereby increasing the value of firms,
Vi (w, D), which can lead the value of unattachment to rise.

To investigate the impact of start-up costs on the economy, we consider values of R,o1icy
in the range of R—ato R+ b, where R is the estimated value of start-up cost and a and b
are positive real numbers such that a < R. By varying the start-up cost within this range,
we can analyze the effects on different economic outcomes, while keeping other factors
constant.

We focus on the general equilibrium case where contact rates are endogenously esti-
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Panel A: Wages of Self-Employed Individuals (S)

Quantile | Data Model
0.20 | 7.69 8.36
0.25 | 9.62 9.39
0.30 | 10.7 10.50
0.35 | 12.02 11.71
0.40 | 13.46 13.03
0.45 | 14.42 14.47
0.50 | 16.35 16.06
0.55 | 17.79 17.82
0.60 | 19.23 19.78
0.65 | 21.63 21.97
0.70 | 24.04 24.44
0.75 | 27.13 27.25
0.80 | 31.25 30.48

Panel B: Wages of Dependent Workers (E)

Quantile \ Data Model
0.20 | 14.00 14.50
0.30 | 16.15 16.33
0.40 | 19.00 18.41
0.50 | 22.00 21.06
0.60 | 25.25 24.65
0.70 | 30.21 29.95
0.80 | 37.75 38.81

Table 4: Fitting the Moments

mated while solving equilibrium values. In the right panel of Figure 7, we illustrate the
changes in the critical values w}. and wg as we vary the start-up cost. We also examine
how the contact rates A and 0 shape in response to changes in the start-up cost. As the
start-up cost increases, we observe that both critical values w}. and wg also increase. As
expected a higher start-up cost acts as a barrier to entry for individuals to become business
owners. In terms of the contact rates, we observe that as the start-up cost increases, the
contact rate A decreases while the contact rate § increases. This can be attributed to the
fact that a higher start-up cost makes it more challenging for individuals to start their own
firms, resulting in a decrease in the number of job offers received by unattached individuals
(lower A\) and an increase in the availability of potential employees for those with business
ideas (higher 0).

In Figure 8, we present the steady-state shares and average values of each state, as
well as their weighted averages, at different start-up costs. Due to the selection of high-
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Figure 7: Minimum Wage and Business Idea Cutoffs and Contact Rates under General
Equilibrium

quality firms, the value of firms rises in R. Consequently, the share of firms in the economy
decreases significantly. Since 6*(w) is decreasing in firm quality, individuals find the offers
from these selected firms to be acceptable and desirable due to the higher quality associated
with them. The value of employment is increasing since wages at these firms will be high
due to the higher idea quality in this exercise. However, the share of employment decreases
due to the difficulties in getting a job offer. While these reductions in shares of F and E
result in a rise in unattachment share, we also observe a pronounced increase in the share
of self-employment.

The findings relate to [6], which explores the relationship between higher start-up costs
and entrepreneurial decisions. While their model suggests that higher start-up costs dis-
courage individuals from starting their own businesses and opt for wage employment in-
stead, our analysis introduces the concept of self-employment as an alternative where busi-
ness costs are not as predominant, which gives individuals a chance of starting their own
business instead of becoming a dependent worker.

The maximum welfare under this scenario is achieved when R is around 365, 000. After
this peak, the aggregate welfare measure starts to decrease. However, the highest value for
unattached individuals was reached way before, where R is around 205,000. Therefore, if
we consider another welfare function where we put higher weights on other states, optimal
business start-up cost could have been chosen as a smaller value by the social planner.
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Figure 8: Changing Start-up Cost under General Equilibrium

6.2 Minimum Wage

In our second policy analysis, we examine the introduction of a minimum wage in the
economy. We follow the approach outlined in Section 3.1 to construct a new equilibrium
for each binding minimum wage scenario considered in this analysis. We consider a general
equilibrium case where the contact rates (A and ¢) are endogenously determined during
iteration.!?

As previously estimated, the implicit minimum wage, in the absence of a minimum
wage (m=0), was found to be w§ = pViy = 4.909. In our analysis, we specifically examine
minimum wage values (m) that exceed wg, specifically, m = wg + i where i > 0. For the
purpose of illustration and due to the finding that the minimum wage that maximizes the
welfare criterion we consider is very high, we allow scenarios where the minimum wage (m)
can increase to a large value. This enables us to closely examine the trends and magnify
the effects of the policy, providing a clearer understanding of its impact.

On the left side of Figure 9, it is observed that the critical value wy increases as the
minimum wage is raised under the general equilibrium case. This indicates that higher
minimum wage policies discourage the entry of low-quality business ideas into the market.

15 Although our main focus is on the general equilibrium setup with a minimum wage, we also consider
a partial equilibrium scenario where the values of A and ¢ are assumed to be exogenous and equal to the
estimated values from Section 5. In this setup, an increase in the minimum wage has an impact on the
share of individuals in the employed state (E). The high and unchanged value of A implies a high rate of
job offers. With the introduction of a minimum wage, workers are more likely to receive acceptable job
offers, leading to a higher proportion of individuals being employed.
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Figure 9: Minimum Wage and Business Idea Cutoffs and Contact Rates under General
Equilibrium

As aresult, the market becomes dominated by higher-quality firms, representing the ” creme
de la creme” of business ideas. By increasing the minimum wage, the policy creates a higher
threshold for a business idea to be economically viable, resulting in filtering out of lower-
quality firms. This effect can lead to a more selective market with a smaller number of
firms but a higher concentration of high-quality firms. This finding is in line with the
findings of [9], who found that increases in the minimum wage are more likely to drive
low-rated restaurants on Yelp to exit the market.

Furthermore, the right panel of Figure 9 shows that the parameter ¢ increases while A
decreases as the minimum wage increases. This implies that higher minimum wages make
it easier for very few high-quality firms to find employees, as reflected by the higher value
of §. On the other hand, unattached individuals receive job offers less frequently, indicated
by the lower value of A\. Thus, higher minimum wages allow a small number of high-quality
firms to attract employees more easily, while unattached individuals experience a reduced
frequency of job offers.

In Figure 10, we present the changes in the steady-state shares of each state as the
minimum wage increases. As discussed earlier, we observe a decline in the share of firm
owners, while there is an increase in the share of self-employed individuals. In the standard
search models, individuals are typically restricted to either being employed or unemployed.
In our model, individuals have the option to switch to self-employment, which is not directly
affected by minimum wage policies (except through its indirect impact on equilibrium
values). As minimum wage policies make it more challenging to become a dependent
worker or a firm owner from the perspective of searchers, some individuals opt for self-
employment once a business idea arises. This leads to an increase in the share of self-
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Figure 10: Minimum Wage and Steady State FUSE Shares under General Equilibrium

employed individuals in the equilibrium. However, in our model, the estimated rate of
idea arrival is relatively low. As a result, the take-up of the alternative option of self-
employment may appear to be slow. This means that individuals may not immediately
switch to self-employment even when faced with the challenges of becoming a dependent
worker or firm owner under minimum wage policies. We, as expected in these cases, observe
a rise in the share of unattached individuals.

In Figure 11, we present the changes in Viy(m) and the averages of other states in
response to an increase in the binding minimum wage policy. The effect of higher minimum
wages on the value of unattachment, Vi;(m), is not as obvious as its effect on the critical
value w.. Initially, as the minimum wage increases, the value of unattachment also increases
in our estimated model. However, there is a turning point around m = 100, beyond
which the value of unattachment starts to decrease. A similar trend can be seen for the
average value of self-employment Vg with a peak around m = 120.'6 Indeed, one potential
explanation for the observed trend is that as the minimum wage increases to a high level,
the expected benefits from future firm ownership, due to very high idea quality, may start to
be outweighed by the expected loss incurred due to the imposition of the higher minimum
wage.

We further investigate the welfare in the aggregate economy, which is calculated ac-
cording to the Benthamite social welfare function described earlier. It is observed that the
average welfare in the economy initially increases and then decreases, reaching its peak
around m = 135, indicating an optimal level of minimum wage that maximizes the overall

1The average self-employment value is calculated taking expectation of Vs(w;m) over all suitable w
of Vs(wim)dH (@)

values for self-employment; Vg = e —HwT
F S
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Figure 11: Minimum Wage and Average Values of each State and Aggregate Economy
(weighted by FUSE shares) under General Equilibrium

welfare of the economy. The reason behind the high optimal value of m in our economy
is the equilibrium dynamics under the estimated parameters. This equilibrium leads to
the emergence of only a small number of high-quality firms, making the options of being
a dependent worker or a firm owner very attractive. KEspecially value of unattachment
remains high thanks to these expectations.

To analyze the impact of minimum wage on the economy under a partial equilibrium
case, we conduct an analysis where we fix w}, at its estimated value and keep A and ¢
unchanged. This allows us to examine the effects of minimum wage without considering
any adjustments in the critical value wy. In this partial equilibrium setup, we focus on
how changes in minimum wage affect the behavior of individuals and the distribution of
states while holding the firm entry threshold constant (which can happen through business
subsidies).

We perform two separate analyses in this regard, in the first one, we fix w}. for all m
values and all other parameters in the economy except Vi7(m) which responds to changes
in the minimum wage policy. In the second one, we fix all parameters except R and Vi7(m),
in other words, we derive an equilibrium value of R, which ensures that wy. stays at the
estimated value.

To analyze the impact of minimum wage on the economy under a partial equilibrium
case with fixed w}., we conduct two separate analyses. In the first analysis, we fix the
critical value wj, at its estimated value for all values of the minimum wage (m), while
allowing the value of unattachment Vi/(m) to respond to changes in the minimum wage
policy. In the second analysis, we fix all parameters in the economy, except for the cost of
starting a business, denoted as Rm and Vi7(m). We derive the equilibrium value of R that
ensures that the critical value w}, remains at its estimated value. We, then, examine the
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effects of the minimum wage on the distribution of states and welfare, while keeping the
firm entry threshold constant.

In Figure 12, we present the results of the first analysis. Given that the maximum
welfare reached m < 25, we only conduct this analysis until that point. On the left side,
we display steady state shares of each state. While shares of U and S are increasing, the
share of E is decreasing. On the other hand, the share of F does not change much, which
is understandable given that we hold the threshold for starting a firm fixed. On the right
side, we present average welfare levels for each state and aggregate economy as described
before. We first observe a slight upward trend initially and then a drastic downward trend
for all cases. Then, average welfare reaches its peak around m = 16.

On the right side of the figure, we present the average welfare levels for each state
and the aggregate economy. Initially, we observe a slight upward trend in average welfare,
followed by a sharp downward trend across all states. The peak of average welfare is
reached at around m = 16. These findings suggest that when we limit the firm idea quality
distribution in the equilibrium by fixing w, with minimum wage policies, the overall welfare
of the economy deteriorates earlier compared to the case where the threshold is allowed to

adjust.
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Figure 12: Minimum Wage Policy under Partial Equilibrium where all parameters except
Vi (m) are fixed

In Figure 13, we present the results of the second analysis where the start-up cost R is
allowed to change. We limit our analysis to m < 35 to focus on the relevant range where
we see the trend of each state. In addition to the steady-state FUSE shares and welfare
analysis, we also include a plot showing how the start-up cost R changes with increasing
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minimum wage on the bottom.
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Figure 13: Minimum Wage Policy under Partial Equilibrium where all parameters except
Vi (m) and R are fixed

The trends in the steady-state shares of each state and the average welfare levels re-
semble those observed in the previous exercise. Given that the firm quality distribution
remains the same and becoming a dependent worker gets difficult, we observe an increase
in the share of firms in both cases. However, compared to the previous case, we observe
a more pronounced increase initially in the average value of firm ownership (after sub-
tracting the start-up cost). This is due to the reduction in the start-up cost outweighing
the increased burden of the minimum wage. However, as the minimum wage increases
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further, more individuals become subject to the minimum wage, leading to a reduction in
the value of firms and outweighing the benefits gained from the lower start-up cost. Simi-
lar but less pronounced trends can be observed for other average measures, resulting in a
hump-shaped figure for the aggregate welfare measure we defined. The maximum value of
aggregate welfare occurs around m = 24.

7 Conclusion

Our research focuses on a model that endogenously determines the sets of firm owners, self-
employed individuals, and dependent workers. We account for match-specific heterogeneity
and generate wage distribution for both self-employed individuals and dependent workers
alongside labor market shares of each state.

We further examine the effects of two policy variables: start-up costs and minimum
wages. Using our model, we primarily focus on analyzing the labor market outcomes and
welfare implications using a simple Benthamite social welfare function in which each group
is considered to have equal weight in determining overall welfare.

By manipulating the costs or providing subsidies for starting a business, we explore how
these factors influence the distribution of firm quality and the share of firms in the economy.
We find that decreasing start-up costs through subsidies can encourage more individuals to
start their own businesses, resulting in a larger number of firms. However, this may come
at the expense of lower overall quality of firms, as the barrier to entry is reduced. On the
other hand, imposing higher costs on starting a firm can enhance the quality of business
ideas, but it may also deter some individuals from pursuing firm ownership, leading to
a smaller number of firms in the market and higher unattachment shares. On the other
hand, imposing higher costs on starting a firm may discourage individuals from pursuing
traditional firm ownership and instead opt for self-employment. In this case, the share of
self-employed individuals in the labor market may also increase. The choice of start-up
cost is important in determining the balance between the quantity and quality of firms,
and it has significant implications for the overall labor market.

While we observe gains in social welfare as the start-up cost increases, it is important
to note that these gains are primarily driven by the selection of higher-quality firms, their
improved welfare together with higher contact rates (¢), and higher value of employment.
However, especially the welfare of the unattached group starts to decrease at an earlier
stage. Depending on the objective of the social planner, optimal start-up cost design can
be different. For example, if the objective is to prioritize the welfare of the unattached
group and/or promote a more inclusive labor market, a lower start-up cost may be favored.

We investigate the effects of minimum wage policies on labor market outcomes. In
our model, minimum wages can influence the distribution of agents across different states.
Minimum wages have the potential to increase the share of self-employed individuals while
affecting the availability of job matches for dependent workers, hence, increasing the share
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of unattached individuals. Additionally, the average welfare in the economy increases,
similar to the case of higher start-up costs, due to the concentration of a small number of
high-quality firms. Further, we analyze partial equilibrium cases where firm quality does
not change in response to an increase in the minimum wage. In this scenario, we find that
the average welfare in the economy still increases, although the extent of the increase is
smaller compared to the general equilibrium case. The minimum wage that maximizes the
welfare of the economy is reached at a lower value.

There are several important caveats to consider in our analysis. First, in order to main-
tain a tractable and implementable model, we make certain simplifying assumptions. For
instance, we do not incorporate idea quality-dependent rates or we assume common de-
struction shocks that affect all individuals and business owners. In reality, it is possible that
self-employed individuals face more frequent destruction shocks compared to firm owners.
However, accurately identifying and quantifying these dynamics from available data can
be challenging and would add complexity to the model. Moreover, we acknowledge that
firm ideas and self-employment ideas may not be drawn from a common distribution, as
they may inherently differ in nature. Nonetheless, accurately identifying and distinguishing
between different types of business ideas is difficult, if not impossible, making the simpli-
fication of a single idea quality distribution both conceptually and numerically feasible for
our analysis.

Thirdly, we omit on-the-job (OTJ) search from the model. Indeed, it is recognized
that a significant proportion of job spells end with individuals transitioning directly into
another job. In our model, we also account for endogenous choices of self-employment and
firm-ownership, Hence, similar to on-the-job search, there can be transitions from one of
these states to another one. For example, one can receive an idea boost to switch from self-
employment to firm ownership. However, while it is conceptually possible to incorporate
such transitions, implementing them in the model may introduce additional complexities
and challenges. Additionally, distinguishing between different types of transitions and
accurately identifying the factors influencing these transitions can be challenging in terms
of available data sets.

Despite these caveats, our model provides valuable insights into the dynamics of self-
employment and firm ownership choices, as well as the effects of start-up costs and minimum
wage policies. While we acknowledge the simplifications and limitations of our model, it of-
fers a tractable framework for analyzing the interactions between individuals, entrepreneur-
ship, and labor market outcomes. By considering endogenous choices and capturing the
policy implications, we contribute to the understanding of labor market dynamics and the
potential effects of policy interventions.
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